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PKEFACE  TO  THE  FIRST  EDITION. 


I>"  preiKiriDg  this  work,  the  object  of  the  author  has  been  t« 
pmvide  a  students'  text-book  which  should  cover  the  most  irajwrtaut 
U>pics  iooluded  in  the  wide  domain  of  Hygiene,  and  l>e  useful  in  tlie 
labtiratoPi'  and  as  a  reference  book  for  practitioners  and  health  officers. 

The  subject  is  so  broad  that  it  is  imposHible  to  treat  it  in  its  entirety 
in  a  thorough  manner  in  a  single  volume;  therefore,  certain  tojjics 
which  Jind  a  place  in  some  of  the  lai^r  works,  and  which  are  of 
interest  chiefly  to  a  somewhat  limited  circle  of  s|>e(^ia lists,  have  not 
iM-en  CI m sidereal. 

Of  late,  it  has  become  the  custom  to  incorporate  in  works  on 
hygiene  a  chapter  on  elementary  bacteriology.'.  It  has  seemed  to  the 
author  that,  inasmuch  as  a  knowledge  of  this  closely  allied  science  is 
recogniKwl  an  a  ven,-  essential  part  of  the  e<iuipment  of  the  modern 
medical  practitioner,  and  is  taught,  as  its  importance  deser\'es,  either 
as  a  ricparate  subject  or  in  connection  with  pathology,  it  would  be  aK 
much  a  work  of  euperen^tion  to  give  a  brief  description  of  species 
and  technie  herein  as  to  include  a  chapter  on  elementary  chemistry', 
phvriies,  or  other  affiliated  great  subject.  It  is  assumed  that  the  reader 
hjis  already  acquired  at  least  a  fiiir  working  knowledge  of  bacteriolog\', 
or  tiiat,  lacking  it,  he  will  turn  rather  to  special  works  in  which  the 
science  is  fully  treated. 

Again,  certain  topics,  which  not  infrequently  are  included  in  works 
of  this  nature,  but  which  lie  more  properly  within  the  fields  of  engi- 
neering and  architecture,  such,  for  example,  as  the  conetnictioii  of 
acpieducts  and  sewers,  the  nature  and  strength  of  bnilding  materials, 
and  the  arrangement  of  hospitals,  have  l>een  deemed  as  hanlly  within 
the  province  of  the  hygicnist,  and,  consequentl}',  have  been  excluded. 

To  those  who,  by  their  writings  and  otherwise,  have  been  of  assist- 
ance in  the  preparation  of  this  book,  the  author  extends  his  sincere 
thanks;  and  especially  to  his  friend  and  colleague  Professor  Harold 
(',  Ernst  for  taking  the  photomicrographs  fnim  which  the  plates  illus- 
trative of  the  starches  and  trichinte  have  been  prepared. 

C,  H. 

688  BoYUTKm  Stbzbt,  Bostok. 
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Gropp  I.  Allniminiitis  IjimIk'-!  iJopcIj-  related  to  t^  ulbuniiu.  ^^ 
'  1.  Albumins,  Sr.luble  in  water.  E^gr  allHiniin,  aeruin  alliutuiii, 
liididliiiaiiii,  miiKi-lc  iilliiiinii),  vo^'tnhk-  nllniiniii. 

i.  (iluljuliriK.  lD«<>litl>le  in  water,  Milnliip  in  dilute  Nilt  solution. 
Kjff;  ^luliulin  (^viiclliri),  fleruni  gliilmlin,  bctuglobulio,  fdiriiioi^i,  myo- 
sin, vc^^-lnblc  (globulin. 

3.  Proteids  soluble  in  alwihul.  SiiltAtiiiirfti  very  ^ligbtly  soluble  in 
^ntt<?r  iiml  .-'uli  sohiiiiiiis.  :«ilnli]c  in  dibitf  alcobol,  wime  iu  (4rong  alco- 
*llol.      Chiellv  of  vegetable  ori(;in.      Very  ricli  in  inrlMin. 

1.  AllmniiimtcH.  I*rii(hii-t'<  <>f  tlu-  netion  of  alkalies  on  nIbutniuM. 
Sliglilly  Huluble  tn  water,  easily  soluble  in  alkalieit. 

5.  Aeid  albui»ini>.  I'roduein  ui'  the  iictiun  of  »cid«  nu  nlbiimina. 
Sohibk-  in  very  dilute  acids  and  alknlies.     Syntouin,  etc. 

Ij.  Coii}rtilHtcct   album  ill.-.      I'l-citeid    subT-t^niiv."   (ini^uliiliil    by   ibe 
iwHioii  oi'  liwil  or  enzynu'c.     Fibrin,  paru-<«*ein.  etc 
Gkout  II.     Ciini|H>un<l  prviteld.-  oinii[>osiii  nC  nmleniiles  wbich  consUt 
of  iin  nlbunitii  gnmp  (ft,)  jilii"  imiitlier  grouji,  ii«ii«lly  of  h  mwi- 
proteid  nature, 

1.  (ilyeo-prDlridH,     »,  |)Iuh  n  mrlmhvdmle  gruii]).     Mucin,  etc 

2.  Htemoglobins.    a,  plus  a  oolorinf^-nialler  };ruup, 

3.  Nueleo-albn mills,     «,  pluw  a  nut^leiii  yrou]), 

4.  CiLMiiiw.  Tbc^'  conliiiii  no  tnie  nnelcin  ^roup.  With  rrnuet 
they  jfive  n  eha  met  eristic  eonpiltiliiui  rtsielton.  Tliey  arc  not  magulatwl 
by  liml  like  iilbuiniu  nor  by  eiin^i'nie  fte1ir>n  like  libnn.  Milk  (ii.-<>ia, 
li^umin,  ete. 

5.  Xiu'k-ina.    a,  plus  a  nuclein  acid  group. 

6.  Ainyloi<l». 
GRorp  III.     Albuminniibi. 

«,   Fmnie-work  substancee. 

1.  Kcnitin*.     ("oiu'tiluenta  of  honi.     .\ttai'kc<l  wilb   difiicidty 
pcpiiin    and   ti7*pBiii.      Tliey  uonluin   much  eulphur  and  yield   niueh 
tyrosin. 

2.  Elnntins,  ronslitiionta  of  elastic  tii«Aiip.  They  contain  leas  sul 
pluir  !«ul  yield  lew^  tyrnsiii. 

;i.  Ciilhit;>iiN,  Constituent*  of  conneelive  tWne,  bone,  mid  eHrtilajj*-. 
Tliw  <v.nlain  ver^-  little  ^^lphu^,  and  yirld  no  aronmtic  aniido-acidii. 
<ieliitin,  isiiiglaw,  cbiiiidrin,  iv)]|ii|ri.>n,  etc. 

A.  AlbuniosiS'  and  Peptono^^.  Produets  of  hydmlytie  i>pHttin^  of 
variou.-  pmteid  wub^Iance-.  Their  niol(vule.>  are  much  t^maller  tluin 
thojiie  of  the  iilbuniiu*!. 

0.  Kimymw.  Hodiec  which  wIicti  present  in  v«a^-  Kniatl  amounts  hnve  _ 
the  pmperty  of  bniikiiiK  up  verj-  laiye  amounU  of  certain  other  siib4 
BtiHiif",  incliidina  proli-idf,  fal«,  fitarclies.  rte. 

The  iilbuniin."  urff  not  pn-cipihilwl  liv  :ilka)ine  earlxinatcs.  eommoD 
sail,  I'r  dilute  n<-ids,  Iml  lliej-  are  eoiiKnkited  by  being  henled  to  t>r>^- 
73°  C.  Casein,  leniuuin,  ivniphitin,  -yiiionin.  imd  iilbuniiiinU*.  oil  tbo 
conlrarj",  iirv  mrt  eoagulablo  by  Iimi.  but  arc  prpeipiijitcd  by  oorauion 
salt,  Bixliiim  noitHle,  and  tri^Klium    phosplmte.    The   albnnioses    nre 
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Qbovp  I.     Albimiinniis  Ixxlioi  oWely  rclatHl  to  egg  nibiimin. 

•   1.  AlbtimiiK.     Stltible    in  water,     Gm;  allmtuiR,  scnim  albumin, 

ladulbiimin,  inuM-li'  nlbnmii),  vo^i-tjibli'  nUiiiiiiiii, 

'2.  (iliibiilins.  lii>(>IitbU'  in  wuit^'r,  •'iliiblc  in  (illiite  nit  «)intion. 
K)fg  ^lobulii)  (vitelliii),  seniDi  globulin,  liictii^lobiiHD,  Cibrino^oD,  mro- 
»iu,  vigctabk:  glubiilin. 

3.  PniteiiiB  soluble  in  almhol.  Suluttnni-cs  very  silighdy  sniubic  in 
water  nml  ^all  MitiilionH,  Miltibli-  in  ilibilv  aU-oliol,  Mime  in  Mrcing  «lco- 
bol.     C'liifily  (if  vcpetiiblo  origin.      A'erv  ricJi  in  carlton. 

-I.  Albuininalr>.>^  PnHltK-t.<  of  tbc  nvtion  of  nlkiilivs  uii  filbuminfi. 
Sli}^Itlly  Hilubk-  in  w:iU^r,  t^ly  soluble  in  alkalies. 

5.  Arid  iilbuniin.->.  Pmduct»  nl'  tlic  action  of  iicidti  ou  albiHoiDs. 
Soltibk-  iu  very  dilute  nt-idn  und  nikidii-n.     Syntonin,  fic. 

U.  C'oa^iiliit«<l    nlliiiiiiin.".      I'rott-id    t^iil>.'>tJin<x'H    emkgiiLitfd    by    tltC 
action  ofbi-nl  i>r  i-nnymei;,      Fibrin,  iianwa^in,  etc. 
UkuI'1' II.     ConiiHiuml  jinilvitl.i  i,iomi|kisc<I  mI'  nioli-iTnlex  whii^i  ooiubt 
of  tm  iilbiiiilin  (.-roup  (a,)  plus  unolbcr  group,  iikuiiHv  of  a  non- 
|(i»teiil  oabin.'. 

1.  (tlyen-proteidf*.     a,  plus  u  etirliolmlnito  ;;n»ip.     Muoiii^  «tc. 

2.  lIiemonliibinH,    a,  pins  a  wliirinnHnatUT  grtm]t. 

3.  Niioli-o-ullinminK.     «,  pliix  »  niivlein  jn»np. 

4.  CnwiQS.  Tlie>'  contain  uo  true  nuclein  proup.  Witb  renitpt 
tlioy  give  n  cbiim<'tfriHtic  <-o]i^'nIiilion  nwtion.  Tlicy  iir*'  not  ci>;iniilnte<I 
by  beat  like  aibiiniin  nor  by  ciiin-nic  action  like  fibrin.  Milk  cuiiein, 
tegumin,  cl<>. 

•*).  NiK-leins.    (I,  phL<  a  nuclein  ucid  ^roup. 

6.  Amyloids. 
Ckoi-1'  III.     Albuminoids. 

n,  PraniP-work  i^uliKtdnivs. 

1.  Kci-iilin^     Constitui'nts  of  Kom.     Attackc<1   with   difficulty  b; 
pepc^in   and    tryivin.      Tliiy  contain   much   i^ulphur  and  yit-I<l  much: 
h'i\K>in. 

2.  Elaptinc,  Conrtiinwitj*  of  elmtic  tiiisue.  Tbcy  (<unt«iii  less  eiil 
phnr  and  yield  less  tynisin. 

3.  Collnp-ns*.    ConHiimcntt*  of  ooumrlive  tiwiie,  bone,  »nd  earti1iif!&^ 
Th«y  iiintain  ven"  little  Mdphur,  and  yield  no  aromatic  aniido-acitk, 
Ovlutiil,  i-Hinplftftfl,  ehondrin,  collagen,  etc, 

i.  AlbunioHw  nn<l  IVploni'.-.  PriMliictf'  of  bydrolytie  splittiup  of 
VUrioHr"  prrid'iii  substance?;,  llieir  nioltviilnt  ui'e  nuicb  KniulliT  than 
those  of  tbe  albumins. 

r,  Kuzymets  Bxlii*  whidi  when  present  in  very  small  amount*  Irnv 
the  propeiiy  of  brrakinc  up  very  larjn-  lunountif  of  cerlain  otiier  su' 
Ftiinci'-i.  including  protfiil",  fiits,  «t.'iri'lie«,  etc. 

Tbe  albumins  ar»  not   pnvipilaKHl  by  alkaline  (ariioniiK*',  eonimnn 
salt,  ur  dibite  acids  but  tbcy  arr-  4iin|;iiliitcd  by  Iwinp  lii«ted  lo  ti5°- 
7.1°  C.    CaBfin,  Iqnumin,  ('onglulin,  cynlonin,  and  albiiminattB,  on  the 
contniri',  arc  iml  eoagtilablo  by  b«it,  but  are  pnt-ipitated  by  ooiumoi 
nalt,  iMKlium  acetate,  and   trinodinm    jilioHpltatc.    Tlic   idbiimo«^ 
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Section  i.     OENXRAL   COKSIDERATIOKS. 
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Aade 


takt 


the 


*"0(»DS  D»ay  Ite  *inl  l-^  uiL-ludi?  >\i:-iylhinj:  takt-n  inUi  the  sjstcm 
capablv  of  iK-ing  utilizt^^  iliirctly  i>r  imliui-tlj-  In  liiitlil  iip  iiiirnwl 
Structure,  repair  waste,  or  produce  energy  In  any  form,  but  in  the 
cuninioii  ncHvpUtioTi  of  the  U-rm  (lii-y  int  liido  nnly  thn^  Hiil>>i|iini-v.'« 
which  c»n  Ite  axidir^d  in  the  svidcin,  thus  cxchi<lini;  wiiUt  aud  iiir, 
wtllioiit  whiirh  thr  riini-liiin.->  of  the  hinly  can  not  be  performed,  Diet 
ia  a  Dii.xttirc  of  food  mntcriuliS  of  vnriixu  kiud:«  bubitiuilly  tiikcu  iu  Huvb 
<)itaiiiity  118  \»  tmciicd  Ut  tnttintiiin  or  inipmvG  the  conditioQ  of  tlie  t>y»tem. 


The  Nutritive  Vatoe  of  Foods. 


(The  potcntinl  dierj;;}'  of  fotnl  i-i  uKtiHunil  by  tlic  oinonTit  of  Imit 
irhii-li  can  bi-  ol>t»ined  by  it^  cunnplf-td  ''ombn^ition,  iiud  in  exprc»ied  in 
ooitH  of  h«it  or  calories,  Tlie  iimount  of  fiiiTgj-  roijiiin^il  In  niirx'  the 
tcmiK'nitnn;  of  1  kil(i);!nim  of  whUt  1^  (_'.  U  known  its  a  liir^c  wdorie ; 
thai  required  to  rsise  the  tetnperiinire  of  1  gr.vm  to  the  Mime  extent 
U  kiiiiwu  iL"  A  ^niall  culnrie;  thuK,  I  litrgc  uilun«  lyjuiils  1000  Mnall 
calorics.  When  ihc  term  is  uncii  without  qiiulili cation,  large  wiloriei 
are  understood.  TIjese  heat  nnil<*  eitrn-siKind  In  -I'i.*).!)  unitH  of  work  ; 
tluil  is  til  «iy,  llii'wiime  nmnnnt  of  energy  rcqiiirx'*!  tn  mise  the  temixra- 
ture  of  the  given  weight  of  water  1 "  C.  in  iiul^cient  tn  raise  4"2.')..'i 
tinu^  the  weight  one  nK-ler.  The  iinitKinl  of  wi>rk  <lniie  is  vxpref«ed 
iu  kilogram -meters. 
I^K  The  hent  unit  I'f  the  Kngli.-Ii  "Vsteiii  i.i  the  nnunnit  of  vnen.'^'  rcpiireil 
l^tf)  rui.-^-  the  (ein|icretiire  of  ii  (M>nnd  of  water  1 ''  F.,  iind  its  mechnnieal 
equivalent  is  772  iinite  of  work  :  tliiit  in  to  Siiy,  tJie  siinii-  iinmiint  nf 
enei^"  will  mi*'  772  [loiiod^  one  t'wiU  Aecjrding  to  the  Kn^di^h 
method,  work  done  is  exprf*«(Hl  in  foot  tons  nither  thiin  in  foot 
ponndt. 

The  cnlorimetric  valuwt  of  diflerent  food  nuiterials  express  al--«>  iW-ir 
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physiological  values  ai-  nutritnent     Rubn«r'  determined  tlie  colon- 
metric  viilue  of  Hw  pnixinuitv  princijiU*  il->  fiilloww: 

Onv  Jtmii  n(  pniUrlilH  =  4.1  tiiliirie*. 

One  gnun  of  (al  9.3      " 

III  tlie  itystem,  tlie  ruHxitiytlrat*-''  unl  fiitii  iire  hiinicd  Mnnplciely  u 
carlxHiic  acid  and  water,  hut  tbe  proloids  laive  a  ri'[-idue  of  urea  in<!tipn- 
hk'  of  M'tW  fiirllii-r  oxidation.  It  i.-<  i^M iiivitiHl  ihiil  the  |>liysii>|«^k'!d 
value  of  the  protuida  aversf^  only  about  75  per  cent,  of  llieir  uilari- 
metno  value. 

The  culorim(4ric  valtu-  of  difft-rent  foods  of  the  wvcnil  cliissee  m 
not  to  be  understood  iis  beiim*  exarily  tin-  Mime.  Thii-',  two  kiii<l.«  of 
KUgur  or  two  kiini.-«  nf  fut,  or  twn  kinds  of  {irot<.-i<)  liavc  not  cxnctly  tlip 
flune  calorinjotrio  value*,  and  tlie  figures  aiH>ve  given  are  to  Iw  ninler- 
stoud  only  ils  Giir  Average:^  UulnitT'  liiv<  dettqiuiued  by  iM*tuid  ex-' 
iwrtnientfltion  the  relative  ctdoriiiKiric  valuer'  of  certain  fo<id  materials, 
and  ba^  nlmwn  that  10(1  (imiiiH  of  liil  uiv  fi|invaleiU  loi^oof  f-yntoiiin, 
or  2.12  i}f  ^tnri-li,  ■>r  'I'M  of  wuic  supir.  or  'li'.i  >\i'  mnsclf  filicr.  or  25(1  of 
grape  MUgar.  In  olLer  words,  these  several  anunuita  of  food  material  are 
ii^Kiynaiiiic*. 

Amoimt  of  Food  Necessary. 

For  the  nuiiiitenaiiee  of  a  ]mi|K'r  degn-e  of  henltli  aud  ritTcngtIi.  lhi> 
individual  mu.-4i  ingest  nu  atiiount  of  fixKl  Hillidejit  to  meet  the  daily 
low  of  nitrogen  ami  mrhon.  Thiw  niti^l  necc^ssinly  vary  awnnling  to 
<;in:iimntjinctft,  and  lu-ncc  no  rule  ouii  lie  hiiil  <lri«ii  to  fit  all  vases.  Tlie 
Ixvt  tliiit  "in  be  done  ic  to  make  eeJliiin  p^-neral  ni!f:«  iHWrtl  on  tlic 
anioimt  of  work  perfurmed.  f(ir  the  greater  the  amount  of  work  done, 
tJ)i-  gn^ler  tliv  unioiinl  of  ((hhI  rcijiiiri-d  lo  mcci  the  nt^ivsntary  e<iniiuni|f 
tion  of  fuel  and  to  refxiir  tlie  Iif^ue?;.  WhiTi  jH-rlornnng  hiiivy  labor, 
tJw  naiiiraJly  ini-rt^wc*!  fli-.-in-  for  fiKxl  is  shown  i«rlieularly  in  tbe 
diiftrtion  of  fats,  and  Kecondarily  of  proteicbi. 

It  ha.1  been  entinuited  b\-  \*<)it,  ai^er  much  experimentation  and  from 
voluminous  ilati,  that  a  nuni  wfighiiig  70  to  75  kilos  (154  to  1(>5 
pound»<)  and  workini;  iit  m<i<lfraU-ly  hani  lat»or  !l  t^i  10  Iioui-p  a  day 
rwiuirw  1 IH  grnnis  of  pntteids,  W  i>f  liil.  atwi  500  of  earbohyd rales. 
This  is  etjuivalent  to  .'tOfi4,B  oalories,  and  if  n-gardwi  fpsienilly  lie  tlio 
niowl  ac<Himtc  catinrnte  obtiiinuble.  Krom  ^'oil'w  and  other  Rgunc,  a 
number  of  writers  have  emk^voretl  to  conptrtiet  »ir«ni!ard  dietariw  for 
the  varioufi  iiuiditioiDt  nf  tmn-  ■iibsisii-net-,  rest,  and  the  performaiiee  of 
diftenenl  amountii  of  daily  la))or,  the  i:ubci''tcni.v  dii-l  lieJng  peekonetl  ait 
suffieie-nt  only  for  the  inliTiin]  work  of  the  body  in  the  abwiliitcly  (xiMiivo 
rou<l!lion,  and  that  lor  n-fit  an  moeting  tJie  rvtiuiremiiiti)  of  very  gentle 
exercise. 

Thi-  fim.'ititwiit'*  of  tlie  sljuHhini  ilici^  arc  pn^iienhed  in  the  follow- 
ing prci]M>rtJom> ;  For  each  pirt  of  iin>tci<l>^,  two-thinl;^  of  a  {mrl  of  fal, 

'  I^brbiK-li  lioi'  lIvKiwnf.  UliiNc  t»00,  p.  438. 
•  Ibidem,  IS  430. 
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Qiree  aod  one-sixth  parts  of  carbobydratcs,  and  one-fonr(li  of  a  part  of 
nuneral  matter.  The  proportion  of  1  part  of  nitrogen  to  15  of  carbon 
akouid  be  maintained  as  nearly  a^  poHsible.  Id  all  dietaries  it  is 
DBcesasry  to  have  the  ditTerent  constituents  properly  proportioned,  and 
in  sddition  to  vary  from  day  to  day  the  articles  belonging  to  the  same 
clfflaes,  since  otherwise  they  will  become  dista.'itefnl.  The  question  of 
DDtritive  value,  while  paramount,  is  not  all,  for  taste  and  variety  of 
livor  are  important  in  a  high  degree,  and  the  palate  must  be 
flittered. 

Knowing  the  composition  of  various  food  materials,  the  nutritive 
ralae  of  a  given  weight,  and  problems  of  supplying  given  amounts  of 
fnlaii,  lats,  and  carbohydrates  from  means  at  hand  can  be  worked 
out  mathematically. 

OompoBition  of  Foods. 

The  constituents  of  food  materials  are  partly  organic  and  partly  in- 
wganic.  The  oi^nic  constituents  include  proteids,  fats,  carbohydrates, 
and  organic  acids ;  the  inorganic  include  water  and  mineral  salts. 

Proteids. — The  proteids  are  the  most  important  constituents  of  both 
animal  and  vegetable  foods,  and  their  presence  is  necessary  for  the 
^Mwing  on  of  all  the  phenomena  of  life.  They  are  very  complex 
colloid  substances  composed  of  carbon,  oxygen,  hydrogen,  nitrogen,  and 
sdphur,  possessing  common  properties  and  connecteil  in  very  close 
Soeiic  relationship.  They  are  divided  into  animal  proteids  and  vege- 
*^le  proteids,  but  between  the  members  of  the  one  class  and  those  of 
(tie  other  there  are  no  important  chemical  differences,  and  they  are 
•bout  equal  in  nutritive  value.  Some  of  the  vegetable  proteids  are  not 
**llwds,  for  according  to  Schmiedebei^,  Weyl,  Maschka,  and  others, 
tliey  are  found  in  crystalline  form  in  the  tissues  of  certain  plants,  and 
"Wobbly  m  the  bean,  pea,  lentil,  and  various  nuts. 

Proteids  when  completely  split  up  by  acids  yield  as  end  products 
•JBmonia,  nitrogen,  ot^nic  ba^es,  and  amido  acids.  They  are  never 
^^■ooiptetely  absent  from  animal  and  vegetable  tissues,  but  their  amount 
'«  different  substances  is  very  widely  variable,  some  foods  being  very 
•ich  in  them,  while  in  others  they  exist  only  in  traces. 

Ingested  in  great  excess  of  the  needs  of  the  system,  they  are  likely 
*">  cause  general  disturbance,  diarrhrea  and  albuminuria,  while  a  diet 
■*im  which  they  arc  practically  excluded  will  caufe  nipid  loss  of 
strength,  anseniia,  great  prostration,  and  greatly  diminished  resistance 
tv  invasion  by  specific  disea-ses,  especially  tul)erculosis  and  pneumonia. 

The  animal  proteids  are  more  rapidly  dipe^ted  than  the  vegptahio 
proteids,  some  of  which  are  lately  wast«l  throu;;li  imjx;rfect  digestion. 
TT»  pn)tei<ls,  whatever  their  source,  yield  in  the  main  the  same  prod- 
•W*  of  digestion,  and  consequently  nrmy  rejilace  each  otlier  in  the 
iet. 

The  most  complete  classification  of  proteids  is  that  of  Wroblewski,' 
W  whom  they  are  divided  into  three  groujw  as  follows  : 

*Beriubte  der  deultuben  cfaemiscbeD  UesellHchart,  1397,  30,  pp.  3045,  3052. 


Gnocp  I.     Albuminoits  boOies  cIospIj-  related  to  egg  albamiu. 

I,  Atlmniinn.  SilnUlv  in  water.  K^n;  iilliiimin,  oonim  albunuD, 
lac1:ilbiiiiiiii,  tiui><-k-  ulKiiiiiin,  re^^'table  a]])iiiiiiu. 

'2.  <tl(ihtiUiH.  liiwikiblc  in  wuur,  Miliilile  in  lUliitt-  nalt  soliitioti. 
Kjtff  t^liiliiiliii  (^vitellin),  ficrntn  j^lubiilin,  liictuglobuliii,  fibrioogvn,  iiijo- 
siu,  vejtetabli-  (rlolinlm. 

.1.  I'liitcitls  ^ajliihlo  in  iilciihiil.  SiibetanW-i-  veri"  sli^ihllj'  ni)bibK'  iii 
water  anil  Kitt  filiitioni^,  Jinliiblt-  in  ilihite  jili-ohol,  wmie  iu  stmiin  aloo- 
bcil.     <'iii<'liy  iif  vi'gfiablv  origin.     Vitv  rJcb  in  cnrbon. 

4.  Albuminates.  IVxlnrt^  of  tlic  st-tioii  of  alkalies  uu  nlbumiiw. 
SligiitJy  .'"oliibk'  in  wutiT,  ta.-iily  soluble  in  alknlicw. 

b.  Acid  a1bumin^.  I'roduelf  of  iIk'  action  of  aeids  ua  ulbiuiun*. 
Soluble  in  vcrv  diliiic  :idd>  aixl  alkalies.     Synionin.  el»". 

tl.  Cons^lutcd   allmminA.      l'rrttw<I    .lubhtaiicest   <<ou|;n]at«l    by   Um 
action  of  Ileal  i>r  cnzyTHw.     Fibrin,  |iara-»'UNi'in.  etc, 
Oliorp  II.     C'u[n])ound  |in>tfid^  <;i)ni|)oe(Hl  of  mi)l('t;ulf)f  wliii-b  oint^ist 
of  an  nll)nniin  );nHip  {a,)  jihiif  iiiiot1ii.T  groti|),  tiBiially  (if  a  noii- 
jirotud  luitinv. 

1.  <!Jlyeo-(»rotW(lx.    n,  phw  n  nirlKvliydmtv  gnnip,    Mudn,  rt«. 

2.  IlKmoglobini^     a^  f\an  a  coliirinK-malter  t;r(>u|i. 

3.  Xui-li<<)-ulbumin».     (/,  jiIuh  a  inielciii  ^ii>u|>. 

4.  Cawans.  They  wntnin  no  iruc  andetn  pronii.  With  rennet 
they  give  a  elmmclcriHlic  t-nngnlalion  i\fieiion.  Tbey  an'  not  foiiipilatcd 
by  l)«it  like  albumin  Dor  by  enzyme  action  like  tibriii.  Milk  «i»eiR, 
legiiQiin,  flte. 

■>.  Nii(']c!ii>^    a,  lAus  u  uuclciu  at'id  group. 
a.  Amyloids. 
Gnori-  III,     Albiiminoidit. 
a,  Frame-work  subHtanees. 

1.  Ki-nitinii.     C'onMitiient^  of  Iioni.     Attacked  witb    diffieidty  by 
pejw^in   and    tr\'pein.      Tbej-  contain   nuK-h  Bulpliur  and  yield  muoh    | 
lyninin. 

2.  EInstins.  Constituents  of  elastic  tissue.  They  omlain  lens  iful- 
phur  and  yiHd  le^  tymi^in, 

3.  C^llngeuK.  Coni-titupntii  of  ronnedive  tissue,  bono,  and  cartibgr. 
Tliey  ciintain  very  litlU?  r-ulpluir,  and  yield  no  «n>nmtic  ainiilo-aeiilj*. 
<iflatin,  isinpliLv:.  diundrin,  eullngcn,  etc. 

f).  Albumo§a^  and  Pe|HoneK.  PdhIucIx  of  bydmlytici  »}diltin(c  «if 
vurii)nj'  prot<'id  Mnbiitim(«H.  Their  molecules  are  mucli  smulli-r  llian 
tboAe  nf  the  nibuniinpi. 

e.  KnKvmi--.  [tiHlic_i  wlnrli  wlicn  prenenl  in  von'  MiMill  1lmo^l^l^  have 
the  pmpmv  "f  briitkini;  iiji  very  laiye  Hni<itinti<  »f  ix-n.iiii  otbiT  *iiw- 
staiice-",  im-lndin^  protriiU,  1:it".  vtarc-biw,  ele. 

The  :d1iiiinin»  urff  not  precipitatwl  by  alkaline  Hirlwun' 

salt,  fir  <lilute  oirid.",  bni  they  nn-  iimpnlntefl  bv  Ik  '       ' 

73*  C.     Casein,  k-pniiiin,  mnptntin.  ^ivntonin.  am! 
oontrary.  ari'  not  eoa^nlable  by  hiflt,  but  arc  preeii 
Bah,  Hodiuiu  iiu'tiilo,  luid   triiKNliuin    ]iho(i]i)iale. 


COMPOSITION  OF  FOODS.  21 

wiifely  distributed  throughout  the  vegetable  kingdom,  and  are  found 
la^y  in  the  cereals.  In  the  animal  kingdom,  diey  are  intermediate 
products  of  the  action  of  pepsin  on  ordinarj'  protcids,  becoming  even- 
tally  converted  to  peptones.  The  eollagens  sire  very  rich  in  nitrc^u, 
bat  liave  an  inferior  nutritive  value.  Gelatin,  for  instance,  contains 
17-lS  per  cent.,  while  the  albumins  contain  but  16. 

hti. — The  feta  are  compounds  of  the  triatomic  alcohol,  glycerin, 
with  fetty  acid-s,  mainly  stearic,  palmitic,  and  oleic.  These  several 
compounds  are  known  as  stearin,  palmitin,  and  olein.  The  two  first 
meDtioned  ure  solids  at  nsuul  temi>eratures,  while  olein  is  a  liquid. 
Most  fats  are  combinations  of  two  or  all  of  these  substances,  and  some, 
as,  for  example,  butter,  contain  additional  glycerides  in  small  amount. 
Stearin  and  palmitin  being  solids,  and  olein  liquid,  the  consistency  of 
B  fet  is  dependent  upon  the  proportions  in  which  these  substances  are 
present.  Stearin  is  a  component  of  most  animal  fats,  but  never  is 
found  in  v^etable  fats.  The  chief  constituent  of  animal  fiita  is  pal- 
mitin, and  this  occurs  also  in  nearly  all  vegetable  fats.  Olein  exists 
in  both.  Butyrin,  caprin,  oiproin,  and  caprylia  are  glycerides  of 
wktile  fatty  acids  present  in  the  fat  of  milk. 

Fats  consist  of  carbon,  hydrogen,  and  oxygen,  and  contain  no  nitro- 
pn.  The  hydrogen  and  oxygen  are  not  present  in  the  proportions  in 
which  they  exLst  m  water  and  in  carbohydnitcs,  the  oxygen  being  de- 
Scittit, 

-^  taken  in  food,  fats  are  chiefly  in  the  form  of  neutral  substances, 
but  more  or  less  free  fatty  acid  is  always  present,  and  in  some  foods 
which  have  been  kept  for  a  time,  particularly  in  well-ri[»ene<l  cheese, 
ratty  acids  may  be  present  ui  a  free  state  in  quite  Ini^  proportion. 

The  fats  play  an  important  part  in  the  maintenance  of  animal  heat 
^  mechanical  energy.  When  hard  labor  is  being  performed,  an  excess 
of  kt  b  instinctively  taken. 

Carbohydrates. — The  carbohydrates  include  the  starches,  sugars, 
Md  cellulose. 

The  StarcheB,  though  presenting  verj'  diSerrnt  appearances  under 
'ne  microscope  according  to  source,  are  of  ctjual  value  as  fotids,  and 
lave  the  same  composition.  Starch  is  insoluble  iu  water,  but,  heated 
with  it  to  72°  C,  the  cells  swell  and  burst,  and  produce  a  sort  of 
niuciiage.  Heated  with  dilute  mineral  acids,  it  is  converted  into  dex- 
tiwe.    Subjected  to  the  action  of  diastase,  it  is  converted  into  maltose 

Starch  is  found  almost  exclusively  in  vegctjiblc  cells.  It  forms  the 
chief  part  of  the  seeds  of  the  cereals  and  of  the  dried  residue  of  certain 
flther  vegetable  pro<lucts,  such  a-i  potatoes.  A  form  of  starch  known 
&<  animal  starch  or  glycogen  is  found  in  thciivcr  and  muscles,  and  also 
la  mme  of  the  mollusca.  Dextrin  is  an  artificial  prraluct  formed  from 
starch  by  the  action  of  ferments  or  of  dilute  acids  an<l  heat. 

The  Sngan  are  of  v^etable  and  animal  origin,  and  include  the 
following : 

1.  Sucrose,  cane  sugar.  A  di.saccharid.  From  sugar  cane,  sorghum, 
•ngar  maple,  sugar  beet,  and  some  other  vegetable  sources.     Insoluble 
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tn  Mrnni;  alcohol,  (Iocs  not  n^ltivr  rapper ;  not  dir(<rtly  rormcntuble. 
Biiilcd  wiiti  liihilp  acids,  is  converted  to  invert  sugsir,  a  mixture-  of 
d<-xtr<i;M-  mui  litvtilimu 

2.  Dfxtroee,  glueow,  grape  Aii^r.  A  momuopdiarid.  Found  b 
many  fniirs  and  flowers.  Forim-d  from  wine  fliignr,  nialtoAC,  nUirvli, 
und  (IomHii  hy  boiling  witii  diliile  m'idc.  In  tlie  prawncc  of  tk-oom- 
p>■t^Iug  pniuiclrt,  "iplitH  intii  two  molwule;-  iif  Initio  add.  Fenueatti 
Willi  jxaist,  .■^I»liI^  intii  iiUtiliol  iind  (tirljonii-  uciil. 

8.  Maltose,  malt  eu{;;nr.  A  disaccharid.  (Two  molecules  of  dex- 
trose-)    Foniied  from  starch  hy  the  iictinn  of  illii^ii.ttf. 

A.  IjKviiliH^e,  fi'Liit  cng:!^  A  moiicnratx^'hantl.  Found  iu  honey  and 
various  fruits.  Uotaic-i  the  my  *if'  iK)l:iri)fiil  Ii(:Iit  to  tJie  left.  IXk« 
not  limn  crystiil-s.     iMinierie  with  d^^^xlmw. 

d,  Lartosp,  milk  sugar.  A  disaccliarid.  (DcxtrrMe  and  galactose.) 
Found  only  in  milk,      [tohitvi,'^  like  (ifxtn>s<r. 

6.  Oalact«>pte.  A  nion'iHiecliiirid.  FoniiGil  from  lactose  hy  boiling 
with  dilute  mineral  aeids. 

7.  Ino^itr,  uniH.-le  sugar,  phuseomannite.  Found  in  certain  animal 
tissues,  as  the  heart's  muscle,  and  in  eertain  plants,  a.i  )>cn£i,  Immw,  and 
grajHt*.  Hai*  no  rotsiton-  ]K>wer,  dftes  not  rrdiicc  co|i]N.'r,  and  i*  not  fer- 
nientublf.  It  o»ntiiins  the  Ix-nncne  ring,  and  hcacv  is  not  a  tnie  sii|{ar. 
Ill  the  pixvii-nee  of  dwoinjioj-iiig  proleids,  it  ic  eonvcrtctl  into  Inetit*  imd 
butyric  acids. 

OelluloBe.-—^ 'Hhiliisc,  while  of  value  nn  a  fnml  for  horhivoni,  hai>  no 
nutritive  value  lor  man.  It  i"  i-onverted  to  dcxtruw  by  boiling  with 
dilute  Nulphui'i<-  acid. 

Pectin. — IV-tiu  t"  si  >-nl*tmi»T  not  nn^-ommonly  el.-is>ilutl  bk  a  cup- 
bohydnito.  It  is  cumimst'd  of  carbtin,  bydivijjeii,  imd  osypen,  l«il  its 
prwiw  comgwsiiiun  ii>  unknown.  It  i*  fhuiid  in  various  HtKhy  f'niits 
un<l  in  root'',  .ind  'n^  bcliovcd  to  be  fonni-d  from  pLvtoec  by  the  uctioo 
«f  vep'trtble  Ill-id--".      It  is  known  al«>  as  vejfetahle'  jelly. 

Pectose. — IWtose  i^  ini  insoluble  fuhjstnmv  found  in  nnripe  fruits 
and  nml-  :  an  earlier  stage  of  |>ei_tin. 

Thccarbohyilnitw  play  an  inijMirlant  imrt  in  the  niiiinicnniH'e  <if 
hcBt  and  the  production  of  force.  Tlurv  le^<H'ii  tlic  niiil  of  (iit  and 
frmn  fiilty  ti.tMii-.  Kxeessivc  inp'^tion  inlerili-es  with  the  nii-tiimor- 
phui'is  of  niln>Kvnous  tissue,  cjuistk  dc|Mi»jlii)n  of  liit  in  (■X<'es'j',  anil  is 
likely  to  produce  di^-slive  difitiirliances.  Deprivation  for  a  lime  can 
be  borne,  provided  tlie  ^stcm  nreivt^  Millicinit  fatty  food,  but  not 
otherwise. 

Or^nic  Acids. — 'Hie  orgiuiiv  aciiU  exii«t  in  f<M>dn  either  in  the  ftrc 
state  or  in  combination  as  suits.  In  the  syotcin  tbc^-  are  convcrtKl  to 
rarbonati's,  whieli  vxervli^  a  most  imjMiriant  inliut'iice  in  conlrolliug 
tile  alkulliiity  of  the  hlooti  and  other  Hiiithi.  Deprix'ation  IitwU  to  a 
peeuliar  disturbance  of  the  system  resulting  in  wurvy.  They  incliule 
mitlir,  itectic,  Im-tii-,  oxalic,  citric,  and  ttirUirii'  acids.  Mnlie  noid  is  a 
cnnt'tituent  of  opplcs,  pciu-v,  .ind  i^oinc  other  fniit«.  Acetic  iiciii  is  llie 
Visciitiul    elvnioiit  of  viuc^r.     Oxalic  acid  is   Ibund  iu  considemble 


ASIMAL  FOODS:  XEAT8,  FISH,  EQCS,  AND  MEAT  PRODUCTS.   23 

imoonts  in  spinach,  tomatoes,  strawberries,  sorrel,  and  rhubarb.  Lactic 
Kid  19  present  in  fresh  meats  and  in  milk.  The  two  most  important 
uds  are  citric  and  tartaric.  The  former  is  found  in  oranges,  lemons, 
HioeH,  and  other  fruiti ;  the  latter  largely  ia  grapes. 

Not  all  vegetables  oontain  the&e  acids,  and,  therefore,  not  all  have 
■Dtiscori>utic  properties.  Potatoes,  cabbage,  and  roots  are  very  effici- 
€Dt  la  this  respect,  while  peas  and  beans  are  notable  examples  to  the 
voatraiy. 

Inorganic  Bolts. — The  important  inorganic  salts  taken  into  the 
mtem  with  food  include  sodium  and  potassium  chlorides,  sodium, 
potasttium,  magnesium  and  calcium  phosphates,  and  conipouuds  of  iron. 
Hw  )ialphates  are  of  minor  importance  and  are  ingested  in  only  small 
imouDts.  The  sulphur  essential  to  growth  is  taken  into  the  system  in 
coml>iiiation  in  the  proteids.  The  chlorides  keep  the  globulins  of  the 
blood  and  other  fluids  of  the  body  in  solution,  and  are  the  source  of  the 
hydrochloric  acid  of  the  gastric  juice.  The  phosphates  are  very  essential 
to  the  growth  of  bone  and  to  the  nervous  system,  and  iron  is  needed  for 
the  hzoK^Iobin  of  the  blood.  Deficiency  of  calcium  and  magne^iiun 
Baits  leads  to  rickets  and  other  abnormal  conditions. 


Section  2.     ANIMAL  FOODS:   HEATS,   FISH,   EGOS, 
AXD  UZAT  PRODUCTS. 

Tlie  foods  of  animal  origm  used  by  man  include  the  flesh  and  various 
organs  of  the  herbivora  and  swine,  domestic  and  wild  fowl,  (^gs,  fish 
and  shellfish,  milk  and  milk  products.  The  flesh  of  all  carnivorous 
animals  except  fish  is  unpalatable,  and,  therefore,  undesirable  as  food, 
thoQuh  under  ^itress  of  circumstances  it  may  be  borne.  Thus,  during 
thesiqie  of  Paris,  about  5,000  cata  and  1,200  di^  are  said  to  have 
hwn  eaten  when  the  food  supply  had  become  «)  meagre  that  anything 
in  the  form  of  flehh  was  iiccoptalde.  In  Germany,  acconling  to  a  cora- 
munrration  of  Cousul-General  Guenther  to  the  State  Dcpiirtment  at 
Washington,  under  date  of  May  26,  1900,  the  statistical  year-l)ook 
shows  t^t,  on  account  of  the  high  price  of  other  meats,  not  only  hori^e*, 
but  also  di^  are  much  used  as  food.  At  Breslau,  Chemnitz,  Dresden, 
Leipzig,  Zwickau,  and  other  places,  dogs  are  slaughtered  extenaivcly 
ibrthis  purpose  and  r^;ularly  inspected. 

Pirl'  reports  that  in  Saxony  during  1894,  295  ;  in  1895,  388  ;  in 
I8flG,  399;  and  in  1897,  474  dogs  were  slaughtered  and  inspectetl. 
In  Dessau,  between  1893  and  1898,  the  number  avcraf^l  251  yearlv, 
and  in-ipm-tion  shnwal  that  one  in  202  was  trichinous.  According 
to  Tempcl,'  of  289  killed  at  Chemnitz  during  1897,  1.391  per  wnt., 
and  of  147  killed  during  the  first  half  of  the  year  1898,  2.04  per 
cent,  were  found  to  be  trichinous.  The  meat  \h  eaten  chiefly  in  the 
roasted  state,  but  also,  in  many  parts  of  Saxony,  mw,  but  highly  sea- 
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Boncd.  The  same  animals  are  commonly  eaten  by  the  Chinese,  and  the 
Canada  lynx  aod  the  skunk  are  rated  as  delicacies  by  the  Nordi  Ameri- 
COD  IndiaDH. 

HEATS. 

The  value  of  meat  as  food  depends  upon  the  presence  of  proteids, 
fat,  and  mineral  salts.  The  nitrogenous  extractive  matters  (creatin, 
etc.),  sometimes  culled  "  meat  bases,"  formed  by  cleavage  of  tjje  pro- 
teids, give  flavor,  but  have  little  value  as  foods.  The  carbohydrates 
play  btit  an  insignificant  part,  being  present  chiefly  as  muscle  sugar  and 
U>  only  a  very  small  extent.  All  meat,  however  lean,  contains  fat,  some 
of  whicli  is  visible  and  some  indistinguishable  from  the  muscle  fibres  by 
which  it  is  surrounded.  The  visible  fat  varies  widely  in  amount. 
Very  fat  beef  may  contain  considerably  more  than  a  quarter  of  its 
weight  of  visible  fat,  and  &t  pork  meat  more  than  a  half,  while  chicken 
and  veal  coiitjiiu  comparatively  little. 

'i'he  content  of  water  varies  verj-  widely  and  in  general  may  be  said 
to  Iw  govcnitti  by  the  richness  in  fiit,  for,  while  the  proteids  are 
fairly  »iiistunt  in  amoimt,  the  remainder  is  almost  wholly  water  and 
fat,  and  the  greater  the  amount  of  the  one,  the  less  the  amount  of 
the  other.  The  less  f»t  a  niait  contains,  the  \e»s,  therefore,  its  relative 
nutritive  value. 

Di^Btibility. — While  the  amount  of  nutriment  contained  in  meats 
chiefly  determines  their  fo<id  value,  the  latter  is  to  no  inconsiderable 
extent  dependent  u]K>n  the  ability  of  the  ulinientan>-  tract  to  digest  and 
ithsorh  them,  ttastric  digestion  is  by  no  mc-.ms  to  be  accepted  as  a 
im'iisHn'  of  the  tnic  digestibility  of  a  i'ltoA,  and  the  same  is  tnie  of  the 
n-sults  of  artificial  Inborsitort-  cxjK'rinients  ;  hence  many  of  the  accepted 
statements  l)«iring  t>n  this  subject,  l>asc<:l  ujxin  the  oft-quoted  experi- 
ments OH  .Vh'xis  St.  Martin  and  n|Kin  test-tube  obser\-ations,  may  be 
wholly  disrvysinled, 

Kaw  meat  is  digestiil  nion'  «isily,  hut  less  ccmipletely,  than  that 
which  hjis  nndcnpine  the  jinHi-ss  of  ttmking.  and  masted  meat  is  more 
e^iniplctcly  dijn-stcil  than  tluu  which  has  Ixvn  ImuIwI,  Fat  meats,  as 
l>e<'f  and  iiiutlon,  and  (■sjHH-ially  jtork.  iwiniix'  nwm'  time  for  d^re^tion 
lluin  th<ts<'  which,  like  cbickon  and  vesd.  contain  but  little  fiit.  In 
p'nenil.  it  may  In-  :«til  lluit  nittits  ar^'  af*iniilaled  nioiv  easily  than  vege- 
tabh-  timils, 

FlaTOr. — The  flavor  of  meats  dci>ciuls  iar^ly  ujx^n  the  nature  and 
amounts  of  iiitnigiHious  extrjietivt-i  which  tlivy  (Mutain.  and  is  greatly 
nuHiilic*!  by  the  ivndition  of  (he  aninud  «lh-n  killiil.  its  age,  sex,  and 
the  cliaraeier  of  its  fo.id.  TIm'  hiirh  flavor  of  hinU  and  game  is  due  to 
the  rit-hncss  in  extnictivts.  whih-  in  the  i-«sc  of  nh'-.its  iK^cient  in  these 
sulte.taiM><s.  as,  tor  example,  mutton  and  (>i>rk.  the  flavor  is  due  largely 
U>  ihcir  ivut.-iimxi  fits.  Most  nnwt^  art-  inipT\>Vf'd  in  flavor  by  being 
kept  for  a  lime,  during  which,  s<lt lit ioii.il  flavors  due  ui  ilwrnipo- 
siiitw  pi\>iUKis  similar  to  tJn-  cximcnvcts,  arv-  dcvoKijw.1.  The  meat 
of  ^»ul^;  uunuds   is  flavoretl  h'v:^  higtily  ihan    tliat  of  adult^   and 
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that  of  females  than  that  of  males,  ibough  in  the  case  of  the  goo»4e 
this  condition  la  reversed,  and  in  that  of  swine  no  difference  is  ob- 
eemiAe. 

Asexualization  by  spaying  or  castration  produces  »  fatter,  more 
ttaia,  and  better  flavore<l  meat.  Thus,  the  flesh  of  oxen  is  far  pre- 
fetsble  to  tliat  of  bulls  or  cows,  and  tliat  of  capons  and  poulards  to 
lIiU  of  cocks  and  hens. 

Texttire. — Whether  a  given  meat  b  tough  or  tender  depends  ujmn 
the  character  of  the  walls  of  the  muscle  tubes  and  upon  the  amount  of 
connective  tissue  present.  The  tube  walls  are  thin  and  delicate,  and 
tlie  connective  tissue  is  small  in  amount  in  the  young  and  well-fed,  but 
■3  llie  animal  becomes  older  or  b  made  to  work,  the  tubes  thicken  and 
become  hard,  the  connective  tissue  increases  in  amount,  the  fat  may 
dimioisb,  and  the  result  is  a  coarser  flesh.  Very  young  animals  have 
1  Very  watery,  gelatinous,  and  flavorless  flesh. 

The  texture  of  meat  undergoes  very  considerable  change  after 
slanghter.  When  freshly  slaughtered,  it  is  tender  and  juicy,  but  as 
Hpr  mortis  supervenes,  it  beoomeH  hardened  and  tough.  The  stage 
of  rigor  b  succeeded  by  the  first  stage  of  decom|K>sition,  during  which 
lactic  acid  b  formed.  This  acta  upon  the  connective  tissue  and  causes 
softening  and  tenderness,  and  as  the  process  of  decomposition  proceeds 
within  proper  hmits,  increase  of  flavor  is  developed. 

ElTects  of  Cookilif . — When  meat  is  cooketl,  the  connecti^'c  tissue 
is  Mftened,  the  bundles  of  fibrillie  are  loosened  from  each  other,  the 
alhumin  in  coagulated,  flavors  arc  inii)rovcd  and  new  ones  devel"iK^, 
para.*iles  and  niicnuji^nism.^  are  destroyed,  and  the  whole  mass  is 
rendered  more  acceptable  to  the  eye  and  imlate.  In  the  process  of 
routing  or  broiling,  considerable  shrinkage  due  to  loss  of  water  occurs. 
The  he;it  to  which  the  meat  is  subjected  should  be  sufficiently  intense  to 
produce  speedy  coagulation  of  the  exterior  and  ]>revent  the  meat  juices 
from  becoming  dried  up.  In  order  that  the  surface  shall  not  tw  buniod, 
the  meat  must  be  basted  from  time  to  time  with  hot  melted  fat,  which 
forms  a  protective  coating.  The  beat  employed  should  be  less  intense 
with  large  jointa  than  with  small  ones,  since  before  the  heat  can  pene- 
trate well  into  the  interior,  the  outer  [Kirts  will  become  burned. 

In  boHing,  the  temperature  of  the  water  into  which  the  meat  is  im- 
mersed \-aries  according  to  the  object  sought.  If  a  rich  broth  is  de- 
sired, the  meat  b  placed  in  cold  water,  wliicli  then  b  heated  gradually. 
During  the  heating  process,  the  soluble  albumins  together  with  a  por- 
tion of  the  salt«  and  the  extraetiviw  arc  <lissiilvcd  out.  When  the  tem- 
perature reaches  1.14°  F.,  the  albumin  bcfiius  to  coagulate,  and  aliove 
l*i(}°,  the  connective  ti.isue  is  changed  to  gelatin  and  dissolved.  The 
solution  of  certain  of  the  constituents  is  assisted  by  the  small  amounts 
of  lactic  acid  formed. 

If,  on  the  other  hand,  it  is  desired  to  have  the  juices  and  flavoi-s  re- 
tained within  the  mass,  the  mciit  should  be  plunged  into  boiling  water, 
which  4]uickly  coagulates  the  albumins  at  the  surface  and  causes  thcnby 
the  formation  of  a  protective  coating.     After  this  is  formed,  the  teni' 
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perature  should  be  lowered  to  about  1 80°  F.,  for  otherwiae  the  meat  be- 
com(3H  tou^h,  even  to  the  center.  The  shrinlcage  in  meat  that  has  been 
properly  boiled  amounte  to  from  20  to  40  per  cent  of  its  weight. 

In  frying,  the  meat  is  dropped  into  very  hot  fat,  aa  lard  or  vegetable 
oil.  wliich  causes  speedy  coHgiilation  of  the  surface,  such  as  is  brought 
about  in  the  process  of  boiling,  whereby  all  the  flavors  and  juices  are 
retjiined.  It  is  essential  that  the  fat  be  very  hot,  gioce  otherwise  it 
will  i)enetnite  the  ti^ues  and  cause  the  meat  t«  become  greasy  and  un- 
pa  lit  table. 

Ill  Btewisg,  the  meat  i»  cut  into  small  pieces  and  pkced  in  cold  water, 
which  then  is  heated  slowly  to  about  180°  F.,  at  whicli  temperature 
tlie  whole  b  kept  for  several  hourn.  If  heated  above  180°,  the  meat 
becomes  tough^  stringy,  unpalatable,  and  of  diminished  digestibility. 

Oharacteriatica  of  Qood  Meat. — Meat  should  have  a  uniform  color, 
neither  tibnurmiilly  pale  nor  inclined  Uy  purplish.  It  should  have  little 
or  no  odor,  and  such  as  it  has  should  give  nn  disagreeable  impression 
siu'li  iL-^  the  sickly  cada^'e^ic  smell  characteristic  of  diseased  or  decom- 
|Mtsiiig  flesh.  It  should  be  firm  and  elastic,  and  should  not  pit  nor  crackle 
on  pn.'.-'sure.  On  being  handled,  it  should  scarcely  moisten  the  fingers, 
and  with  keeping,  the  exterior  should  become  diy  rather  than  wet. 
There  should  be  no  evidence  whatever  of  the  preseuce  of  parasites. 

Itcef  has  a  bright  red  color  and  a  marbled  appearance,  due  to  the 
prcs<'nct'  of  fat  between  the  bimdles  of  muscular  fibers.  This  marbling 
is  much  less  apparent  in  the  flesh  of  animals  that  have  not  been  well 
ft<<l  and  of  old  cows  and  bulls.  Bull  meat  is  darker  than  that  of  oxen 
au<l  cows,  and  is  coarse,  stringy,  and  of  strong  flavor, 

V«il  is  nuich  jtidcr  tlian  beef  and  less  firm  to  the  touch,  and  coming 
from  a  very  yoiuig  animal,  "  bob-veal,"  it  is  flabby  and  waterj-,  and  its 
fat  lias  a  tallowy  apiKiinmiv. 

Mutton  should  lie  of  a  dull-n-d  color  and  firm  to  the  touch.  Its  fat 
is  white,  sometimes  vcllowisli.  luul  hard. 

I^inih  is  soniewliiit  Ics.-'  tirni  to  the  touch  and  has  a  decidedly  lighter 
color  than  nuittou. 

I'ork  is  much  los,i  firm  to  the  tou<'h  than  beef  and  mutton,  and  its 
fat  is  i|iiin'  M>ft  in  com]»!iris.in. 

IIoi-x-  nu'jit,  the  use  of  whii-h  is  iiicniising  rapidly  abroad  and  to  a 
much  gn-iiter  extent  in  ihis  conutr)-  than  is  cummouly  l>elieved,  is 
darker  ;ind  e.>:irs<'r  rlian  Int-f  and  (ni-s^is.-^'s  a  very  difterent  odor.  The 
tat  is  yellow  ;uid  oily  :nid  has  a  nitlicr  disifrrvi-ahlc  wior. 

The  tle>h  of  birds  is  not  marbled  like  that  of  nianmiaK  Tliat  of 
wild  fowl  rhat  feed  on  fish  Iuls  a  strouj:  flavor,  which  is  not  improved 
by  kfrping, 

ComparatiTe  Digestibility  of  Meats. — Beef  is  eommonly  and  eor- 
reelly  r^'jpinleil  as  one  of  the  ni'>st  dii:(Stil>lc  of  uu-.its.  bwi  according  to 
the  ex|X'ricmv  and  ti'stimonv  of  m;niv  victims  ,if  dvsjx'psia  it  is  inferior 
in  this  res|Hfl  to  nnuion.  I'oik  is.  without  doubt,  digested  with 
gixtiter  dirticulty  than  any  mlier  ine;ir,  on  atXMunt  of  itti  high  content 
wf  &t.     Tin.'  eviilenw  as  to  v«d  is  nn»st  ivuflictiug,  st>me  holding  that 
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it  ia  digested  very  easily,  while  others  maintaiii  the  coDtrary  view. 
Ceitiin  it  is  that  many  perrons  bear  it  very  badly.  The  whit«  meat 
of  chickens,  fowls,  and  turkey»<,  is  more  delicate  and  is  digested  more 
aaiy  than  the  dark  meat,  prohabty  by  reason  of  Its  smaller  amount 
of^  The  flesh  of  ducks  and  geese  is  harder,  richer,  and  more  difti- 
cult  of  digestion.  Gume  birds  are  less  &t  than  poultry  and  are  often 
murh  better  borne.  Their  habits  of  life  are  unfavorable  to  the  depo- 
wtion  of  much  fet.  Liver,  kidneys,  and  hejirt  are  gcner^ly  r^;arded 
u  DDguitable  as  foods  for  persons  with  weak  stomachs,  but  tripe  and 
snetbreads  are  usually  easily  bonie. 

"  Ktd  He&t "  and  "  White  Heat." — The  prohibition  of  red  meats 
(beef,  mutton,  venison)  to  patients  with  gouty  and  rheumatic  tendencies 
ditei  tnim  the  time  of  Sydenham,  whose  dietetic  rules  allowed  only 
the  white  meats  (veal,  goat,  yoimg  pig,  chicken)  and  fish  to  such 
perwns.  Today,  many  practitioners  extend  this  prohibition  to  those 
with  disease*)  of  the  stomach,  intestines,  and  kidneys,  and  various 
nenmses.  The  foundation  of  this  prejudice  against  the  red  meats  is  the 
supposed  presence  in  thera  of  a  greater  jjercentage  of  the  nitrogenous 
eitractives  (creatin,  xanthin,  guaniii,  etc.),  which  are  believed  to  exert 
injiirioos  action  in  two  ways :  First,  locally,  by  irritating  the  kidneys 
duriog  the  process  of  their  elimination  from  the  body  ;  and  second,  in 
^asesof  impaired  functional  activity  of  the  kidneys,  by  causing  systemic 
intoxication.  Unfortunately,  however,  for  the  stability  of  this  belief, 
exact  analysis  has  shown  that  the  very  small  amounts  of  these  sub- 
stances present  are  practically  the  same  in  both  red  and  white  meats, 
with  the  single  exception  of  venison,  which  contains  them  not,  as  would 
be  surmised,  in  highest  percentage,  but,  in  feet,  in  lowest.  Further- 
more, the^e  extractives  are  not  eliminated  as  such,  but  as  the  uonnal  ulti- 
mate product  of  metamorphosis,  urea.  It  has  been  supposed,  too,  that 
the  DOD-nitnigenous  extractives  (lactic,  butyric,  and  acetic  acids,  etc)  are 
present  to  a  greater  extent  in  red  than  in  white  meats  and  may  cause 
ui^'turbiince ;  but  as  a  matter  of  fact,  these  are  present  in  extremely 
small  amounts  in  both  red  and  white  meat,  and  cannot  possibly  be 
reRanled  a,H  harmful,  in  view  of  the  fact  that  ai»preciable  amounts  exert 
DO  influenoe  on  the  system. 

Compositioil  of  Heata. — In  the  following  tables,  showing  the  com- 
position of  the  edible  portions  of  meats,  tlie  figures  given  are  taken, 
tinlesw  otherwise  stated,  from  Bulletin  Xo.  28  (revised  edition)  of  the 
(Mrv  r>f  Experiment  Stations  of  the  U.  S.  Department  of  Agriculture : 
The  Chemical  Composition  of  American  Food  Materials.' 
'  Qovemment  Printing  Office,  Washinifton,  1899, 
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FOODS. 


BEEF. 


CuU      . 

1^ 

■5 

1 

t 

.a 

111 

Cbuck,  including  Bhoulder. 

3 

1 
2 
4 
4 
2 

646 

73.8 
71.3 
68.3 
62.3 
63.2 

15.8 

22.3 

20.2 
19.6 
18.5 
17^ 

28.6 

3.9 

8.2 
11.9 
18.8 
29.0 

0.9 

0.8 
1.0 
0.9 
0.9 
0.9 

1495 
680 

720 

866 

fat 

1135 
1555 

13 

1 

U 

7 
2 

66.0 

19.2 

15.4 

0.9 

1.1" 

1.0 

1.0 

0.8 

1.0 

1.2"" 

1.0 

0.9 

0.8 

0.7 

1005 

75.8 
71.3 
62.7 
62.0 

22.2 
19.5 
18.5 
16.6 

1.4 

8.3 

18.0 

31.1 

470 

715 

1105 

1620 

21 

66.8 

19.0 

13.4 

920 

Flank,  very  lean 

3 
3 
S 
3 

2 
16 

70.7 
67.8 
60.2 
54.2 
34.7 

26.9 
20.B 
18.9 
17.1 
14.0 

3.3 
11.3 

21.0 
284 
61.8 

620 

865 

1240 

1615 

2445 

69.3 

19.6 

21.1 

0.9 
1.3 

1.0 

1.0 

0.9 

0.9 

1.0  " 

1.0 

1.0 

0.8 

0.8 

0.7 

1.0 

0.9 

0.7 

0.6 

1255 

3 

12 

32 

6 

3 

66 

70.8 
67.0 
60.6 
64,7 
49.7 
61.3 
60.0 
61.9 
42.2 
59.2 
(i5.7 
67.9 
65.5 
48.5 
45.9 

24.6 
19.7 

18.5 
17.6 
17.8 
19.0 
21.9 
18,9 
13.3 
16.2 
21.9 
19.6 
17.5 
15.0 
14.6 

3.7 
12.7 
20.2 
27.6 
32.3 

615 
900 

1190 

1490 

1695 

IP.l 
20.4 
18.6 
43.7 
24.4 

1156 

7 

21 

1 

6 

4 

6 

15 

9 

1 

35 

"2 

3 

i 

1270 
1130 

2100 

1330 

1.1 
12.0 

26.6 
36.6 
38.7 

455 

870 

14.50 

1780 

very  fat 

1905 

57.0 
73.7 
69.0 
63.9 

17.8 
20.8 
20.2 
19.3 
17.2 

24.6 
5.0 
10.5 
16.7 
31.3 

0.9 
1.0 
1.0 
0.9 
0.8 
0.9' 
~1.3 
l.I 
1.1 
1.0 
0.8 
1.1  " 

1370 

600 

820 
1066 

&t 

2 
11 

51.5 

1640 

Average 

64.8 

19.4 
22.6 
21.3 
20.3 
19.5 
18.2 

16.5 

1015 

Round,  very  lean 

6 

31 
18 

2 
62 

73.6 

70.0 
65.5 
60.4 
55.9 
67,8 
69,8 

2.8 

7.9 

13.6 

19.5 

26.2 

540 
730 
950 

fat 

1185 

1445 

Average 

20.9 

10.6 

835 

2 

4 

4 

10 

6 

20.4 

8.6 
5.1 
13.7 
25.5 
35.7 
44  3 

1.1 

1.2 
I.O 

0.9 
0.8 
0.8 
0.9" 

740 

71.2 
65.7 
56.7 
47.1 

23.0 
20.9 
17.4 
16.8 
15.0 
18.7 

645 

965 

1400 
1820 

very  fat 

1          40.2 

2150 

24 

57-B 

23.1 

132.5 

MEATS. 
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•SEEF.—OmHnvxd. 


Cut. 


Bafhort 

EiilncT  (cubohTd  rates  0.4) 
Lircr  (carbohydrates  l.G)   . 

Miirow 

T«pi( 

^W 


Vma  beef  (ptit  not  specified) 
SltIoIh  (tesk.  baked  .... 
BniiW  lenderloiii  .... 
Booed  eeak 


7 
1 
6 

Craned  roraed  beef ]5 

Cinntd  roa»t  beef 4 

CuQtd  whole  lopgue j  5 

Craned  iripe I  2 

Comed  beef  fall  ciita) I^To"" 

Toopioi,  pickled ]  2 

Trip((cirbohydrateB0.2)     4 


n 

2 
3 
6 
1 
3 
1 
9 


62.6 

76.7 

71.2 

3.3 

70.8 
79.7 
13.7 


I 
I 


1G.0 
16.6 
20.7 

2.2 
18.9 
16.4 

4.7 


48.2 

22.3 

63.7 

23,9 

64.3 

23.5 

63.0 

27.6 

51.8 

26.3 

68.9 

25.9 

51.3 

19.5 

74.6 

16.8 

.W6 

15.6 

62.3 

12.8 

86.6 

11.7 

20.4 

4.8 
4.5 

92.8 
9.2 
3.2 

81.8 


28.6 
10.2 
20.4 

7.7 


18.7 
14.8 
23.2 
_8..5_ 
28.2 
20.6 
1.2 


5 


1.0 
1.2 
1.6 
1.3 
1.0 
1.0 
0.3 


1.3 
1,4 
1,2 
1.8 


m 
it 

1160 

520 
605 

3B55 
740 
440 

3540 


1620 
875 

1300 
840 


4.0 

1280 

1.3 

1105 

4.0 

1340 

0.5 

670 

4.9 

1395 

4.7 

1105 

0.3 

270 

PORK. 


CoU 


Hm,  Ernh,  leu 

KKdiam  fat 

£tt 

_  nuUe  fat  Urgel}>  removed 

Loin  fchops),  lean 

medimnfat 

fil 

TeixlcrliiiD      

Wiooldfr 

Feet 

He^Jcbeeae 

KidpfT 

LiT»r'(cirholiydrateal.4)    .   . 

Ham,  smoked,  lean 

mnlitim  fat 

fiL 

smoked,  boiled 

^boaldfr,  smoked,  medium  fat 

fal 

Sill  pork,  fat 

lean  end» 

Baonn,  smoked.  lean 

medium  fat 


as 

IS 


I 


2 

10 

5 

3 

1 

19 

4 

11 

19 

8 

3 

2 

1 

3 

14 
4 
2 
3 


60,0 
63.9 
38,7 
64.5 
60,3 
52.0 
41.8 
66.5 
51.3 
50.7 
43,3 
77.8 
_71.4_ 
53,5 
40,3 
27.9 
51.3 
45,0 
20,5 


S 


7 

7.9 

4 

19,9 

2 

31,8 

17 

18.8 

25,0 
15.3 
12.4 
19.2 
20.3 
16.6 
14.5 
18,9 
13.3 

8,3 
19,5 
15,5 
JK3 
19.8 
16.3 
H,8 
20.2 
l-i,9 
16.1 

1,9 

8.4 
15.5 

9.9 


14.4 

28.9 
50.0 
16.3 
19,0 
30.1 
UA 
13,0 
34.2 
17.4 
33.8 
4.8 
4..5 
"20.8 
3R.8 
-52.3 
22.4 
33,5 
53.6 
80.2 
67,1 
42,6 
67,4 


/I 


1.3 

0.8 
0,7 
0.9 
1.0 
1.0 
0.7 
1,0 
0.8 
0,4 
3,3 
1.2 
_1^ 

~5J" 
4.8 
3,7 
6,1 
6.7 
5,2 
3.9 
5,7 
11,0 
4.4 


m 

1075 

1505 

2345 

1040 

1180 

1580 

2145 

900 

1690 

1090 

1790 

190 

615_ 

'1245 

1940 

132(1 
1  r.K5 
2--)45 
3670 
29W6 
2(l«5 
31130 
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FOODS. 


VEAL. 


Cut. 


Breast,  lean  •  . 
medium  fat 

Leg,  lean  .  .  . 
medium  fkt 
cutleU    .   . 

Loin,  leau  .  . 
mediuin  fat 
fat  ...   . 

Heart     .... 

Kidney  .... 

Liver     .... 


-«■ 

Ji 

SB 

1 

1 

1 

■s 

i< 

£ia. 

.■i 

72.1 

21.7 

5.6 

1.1 

640 

7 

6Q.0 

19.6 

14.0 

1.0 

955 

9 

73.5 

21.S 

4.1 

1.2 

570 

10 

70.0 

20.2 

9.0 

1.2 

755 

3 

70.7 

20.3 

7.7 

1.1 

705 

5 

73.3 

20.4 

6.« 

1,2 

615 

6 

69.0 

19.9 

10.8 

1.0 

825 

3 

G1.6 

1S.7 

18.9 

1.0 

1145 

1 

73.2 

16.8 

9.6 

1.0 

720 

2 

75.8 

16.9 

6.4 

1.3 

585 

2 

73.0 

19.0 

5.3 

1.3 

675 

MUTTOX. 


Cut 


Hind  leg,  lean     3 

medium  fal 11 

fat :  ] 

Loin,  medium  fat  without  tciduev  and  tolluw .  13 

fat  witliout  kidney  and  tallow 3 

very  fat  nilhout  Sidney  and  tallow  ...  1 

Fore  quarter 10 

Hind  quarter 10 

Koant  leg,  cooked         2 

Kidn.'y '  1 

LiTer  icarbohTdrates  S.Oj 'Z 


67.-1 
62.8 
55.0 
50.2 
43.3 
30.8 
62.9 
H.8 
50.9 
69.5 
61.2 


LAMB. 


I 


CM. 


It 

MS. 


m 


?.< 


_l_ 

Hind  1^,  medium  fnl 

fnl 

verr  fal 

T^in,  without  kidney  and  (.illow 

Fore  quarter 

Hind  iiunrter 

firoileUchouB 

KoaM  leg 


6:1.',' 

.>4.(i 
51. S 
.13.1 
.i.-.  1 
60.9 
47  .r. 
67.1 


I!'.-.; 

17.6 
IS.T 

1(1.6 
■21.7 
19.7 


16.5 

27.4 
30,1 
28.3 
2.1.S 

ifl.1 

29.9 
12.7 


I..E.- 


1.1 
0.9 
0.9 
1.0 
1.0 

1.0 
1,3 
0.8 


105,1 
1495 
1.195 
1540 
M30 
1170 
1665 
900 


HEATS. 
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POULTRY. 


CuL 


Bidter  cbidceua 

Fnli 

VoDDg  gooae 

ToAm 

QiiduD  liver  (carbohjdntce  2.4) 
Goae  liter 


C 

fl 

2i 

II 

a 

< 
* 

I 

■a 

S 

74.8 

21.5 

2.5 

I.l 

2fi 

63.7 

19.3 

16.3 

1.0 

1 

46.7 

16.3 

36.2 

0-8 

3 

56.5 

21.1 

22.9 

1.0 

1 

69.3 

22.4 

4.2 

1.7 

1 

73.B 

ie.6 

5.8 

1.0  1 

in 
m_ 

505 

1045 

1S30 

1360 

640 

610 


Bom  Heat. — The  meaa  of  twelve  analyees  of  horse  meat  as  given 
by  Konig '  ia  as  follows : 

Water 74.27 

Proteids      21.71 

F«t - 2.55 

A*h 1.01 

The  objection  to  the  ase  of  horseflesh  as  food  is  very  lai^ly  senti- 

mentat.    It  has  not  the  pleiLsant  flavor  of  beef,  to  which  we  nre  accus- 

tonwd,  but  when  eaten  in  ignorance  of  its  true  ebaracter,  it  uiakes  no 

UEplea^iant  impression.     Its  use  is  increasing  steadily  in  Euro[»e,  and 

.is  Sndbg  Ikvor  in  America.     In   Paris,  during   1898,21,667   horsew, 

53  mules,  and  310  donkeys  were  slaughtered  for  food,  and  of  these  but 

"34  bnrses,  1  mule,  ami  7  donkeys  were  condemned  as  unsalable.    Tlie 

meat  was  disposed  of  in  193  shops,  where  the  best  cuts  brought  about 

a  fianc  (19.3  cents),  and   the  inferior  parts   10  centimes  ('i  cents)  per 

pound.     During    1896,  822    horses  and   mules  were   t^laughtered  in 

Stnssburg,  and  in  1898  the  number  rose  to  1,099.     In  Vienna,  where 

the  sale  of  the  meat  was  permitted  flrst  in  1854,  tliere  were  Klaughtered, 

in  1899,2.5,646  horses  and  58  donkeys.     In  the  whole  of  Pnis,sia, 

there  were  slaughtered,  in  1897,  at  .'167  abattoirs,  58,484  horses,  and 

in  the  following  year  the  number  rose  to  63,531.     In  Frankfort,  where, 

in  1847,  the  first  horse-meat  dinner  ever  given  occurred,  about  a  thon- 

sand  horses  are  slaughtered  annually,  at  a  f^pecial  abattoir.     In  the 

f  niled  States,  during  1899,  3,232   horses  were  slaughtered  and  ofti- 

•iaily  inspeirted  with  other  food  animals. 

It  is  said  that,  unless  the  fat  of  some  other  animal  or  tionie  starchy 
food  is  eaten  with  it,  horse  ment  may  cause  diurrhcra.  Whatever 
rauxes  thin  disturbance  is  soluble  in  water,  and  may  thus  l>e  remove*! 
partially  when  the  meat  Is  boiled.  From  water  in  wliieli  liorse-metit 
had  been  boiled,  E,  Pfiiiger'  wpuratwi  jceorin,  lecithin,  and  (pn)!»ably) 
neurin.  He  recommends  the  addition  of  ubimt  25  gnnus  of  l>ecf  or 
matton  kidnev-fat  to  each  kilogram  of  the  nieiit  when  a  mince  is  to 
be  made,  and  tliat,  in  whatever  form  it  is  consumed,  it  be  served  with 
a  fat  gravy. 

'  ZunnmiFiiseuonK  der  meiiHchlichen  XahnmgH-  untl  Gcnuwimittel,  Berlin,  13H2. 
'Ardiiv  f iir  die  gc«4Dute  niydologie,  1900,  Bd.  80,  p.  111. 


32 


FOODS. 


. 


h 


Heat  Preparations. — Meat  Exfcracta. — T\ifst^  »rv  prcimniHniM 
wiiicli  iin-  MipiHistHi  olu-ii  crnjm'oii.-ily  tit  <-ontain  iiU  tlie  nntritivc  parW  ' 
of  iIh'  niniu  Iroiii  wliirli  tliev  are  inailp,  Imt  ilu-j'  aiv  tn  Ix-  ii'^riinUnJ  i\f 
eliiiitiliintr'  nitlK-r  tlmii  fbii(Ir<,  niiuv  they  rr[imsi-Dt  tliu  extractive^  »nil 
not  the  siibmaiic^s  wliit-h  deteruiine  the  true  tbod  value.  In  ]K>iin  of 
fiHt,  sii  I'lir  aw  ihi-ir  nutritive  ]ir()|H-rlit^«'  iire  etniwrtiwi.  it  liiis  iteen 
bhnwn  thut  utiinnilM  will  die  m»rp  ijtiickty  of  glurvalioii  w)i<-ii  fol  ex- 
elii-ively  iipini  these  ntiniulatiii);  |>n-|iiiniliiniji  thim  whrn  i-ntin-Iy  dc- 
[>rive<l  (if  llxjci.  'I'hey  are,  however,  of  c«n>iiderable  vahie  tii  their 
pmper  place,  purtieiilarly  in  ooiiditioiiH  of  )jji<jit  liitigue  niid  exhniiMion. 

VmX  Powder. — MeJit  may  wwily  be  treuteii  set  a«  to  relaiti  all  of  ils 
nutriment  iiud  vet  have  a  very  miieb  diuiiiiLilKH]  voltinie.  The  lejin 
]»<iM--'  ari'  cut  into  Mnudl  r<tri]is,  cli]>]H'(l  for  n  few  miiiiitc»  into  very  hot 
i'at  (fried),  druined.  and  then  slowly  drie<l  in  an  oven.  When  om- 
pMi'ly  dr\',  ihey  an-  );irmnd  in  mi  ordinary  «pice  mill  or  coflce  mill  to 
a  fiUf  powder,  whieh  keejjs  well,  has  an  ajn«eable  taste  ainl  a  |d»u-<iim  , 
odor,  ifl  digestetl  iimily,  iiml  nmy  be  used  in  u  jjitiit  iiumy  diil'erent  wtivs. 

SaasagM. — iSiiitiine  is  nmk'rst'Mxl  pcnerally  to  mean  an  article  of 
fiMxl  eonhosting  ehieriy  of  (imly  ehojUH-d  meal,  mainly  pork  anti  Ix-ef, 
witJi  or  without  the  iiddition  of  ii  i>!mall  amount  of  meal,  hit^hly  sea-  I 
soneil  with  spices,  herbs,  and  other  flavorings,  and  sluH'i-d  into  iiisiiifr* 
mtidi'  \'T\im  rleane<l  and  pre]>arc<l  intotiiii-s.  Thwr  nutritive  value  is, 
therefore.  alMiui  the  same  as  ihat  of  average  nitnt.  As  may  be  supiMisi-d, 
lh<-  IhwI  cat.*  of  meal  tin-  not  nw<l  in  their  niaiiufui'liirf.  bm  only  Mieh 
jnirts  as  cannot  be  disi>osed  of  in  pieces  of  fair  size  and  of  attractive 
npiH'umnei'.  lint  then-  an'  wnsjigi's  and  sjiusiijrtw.  There  are  tho«^' 
made  from  meat  of  giHtd  tjiuiHty  and  olhcrs  from  materials  whieh^ 
WouM   not  I>e  ^liable  in  any  other  form.  ^H 

Many  of  tlic  so-<'iilli'<l  Frankforters,  wild  tit  verj'  low  rates,  and  th^^ 
cheuji  Itolo(fiias  nre  said  to  oousisl  lately  of  horse  meat,  itnmalniv 
vmI,  and  the  flesh  of  <v>ws  that  are  no  longi^r  in  c<in<lition  lo  prixhiee 
milk.  Cerisin  it  is  that  a  not  inconsiderable  number  of  pers»ms  gain 
a  fflir  livelihoiHl  by  goin^;  about  in  the  conntry  buying  np  newly  iNira  j 
calves  and  decrepit  etiws.  tuberculous  and  otlierwise,  ant!  horsiT,  and 
tlmt  these  animals  are  not  tnken  to  comfortable  stables  and  inviting 
pnftnn's,  but  to  small  slaughtering  esliiblishTnent.'«,  the  output  of  which 
is  not  ven"  larg*'lv  Imlcbers'  niesit.  To  the  cheap  grades  of  sausages 
the  Miying  of  J«u)  I**«i,  "Only  a  god  cim  eat  wuisage,  for  oidy  such 
can  knoiv  of  what  it  is  made,'*  applies  \cri-  aplly.  Even  sausages 
made  fi»in  ]W)rk,  e-'"(>«'cially  lliose  which  have  undergone  a  pr<ici«<j>f 
tvMiking  before  being  stuffed,  are  nol  always  bcyonil  suspicion,  for  the 
trichinoas  [wirk  eondemiied  bv  government  insjieclors  at  public  abal- 
(oirs  i.s  neither  ik-stroyol  nor  i^mverleil  into  fcrtiliwr>i,  but  i.»  allowed 
t»  be  sold  nfier  Iteing  subjei'lol  to  a  hegtl  -uJIicient  to  kill  the  parasites; 
tnd  cooked  [>ork  ii*  not  commonly  to  Im>  f<mnd  on  s»le  n»  stich. 

Horw-  meut  is  ssid  to  eiimbine  two  advanlJigc*  in  the  preparation  of 
eatififl^ :  it  is  incx|Miisive,  ami  it  lends  ii  (irnincs^  which  incniises  ili 
the  snusagi-  is  b<.iile<l.     A  nnnilwr  t>f  cheminil  pi-occsses  Iwvc  been  pro- 
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Lve 

'   pi- 

wi. 


N-- 


r      .1, 


(iir  iu  cli>looljon,  and  amnng  them  the  folUiwiiig :  Hiimbort' 
.H  attoMt  of  ;;n»iii  for  iiii  lioiir  in  '^Oll  cc,  itf  wak-r.  juIiN  iilraiit  10 
oc.  t»f  :itn>iig  Dtlric  acid  after  pooling,  anil  then  tiheTt-  tluimgli  p!i|iir. 
Some  of  the  filimtc,  «ontaiu«]  in  u  u^uiiiIk-,  k  iIk'h  tn-jiU'd  with  a 
volume  of  freOily  prepare*)  iodine  water  by  careful  !i<]dition,  wi  that 
10  liqaiils  do  not  mix.  At  ilic  line  of  junetirm,  a  n-ddi.-ili  vinlii  »>De 
will  lir  »een,  if  tbe  gpeciineii  ctutiiineJ  imy  cousidcniblc  proportion  of 
bonv  niiat. 

Thi8  reaolioR  of  iodiae  upon  glycogci).  ivhich  In  a  normal  con»titu«nt 
of  b<iri<«>  fli'!*li,  fiinn»  the  liaws  of  a  numlwr  of  proceft-es  for  the  dctfi- 
tioo  of  this  m«it,  but  it  is  critici&cil  by  NJclx-l '  und  ii(iier«  a*  nticcrtjiiii, 
»iin>>  gly«ip<ii  U  pi\-M-nt  iiUo  in  liver,  meal  extr.iL-t-i.  and  veiT  young 
veal,  aod  since  <h'.\lrin  resulting  frrmi  iiildwl  stiin-lnw  givtw  n  ^imilllr 
lUrration.  Another  prooe**  suggested  <Iiffer8  from  the  above  in  that 
»celic  acid  U  arldcd  dnring  tbe  boiling  |>nM'ft<ii,  ami  tlie  reagent  <;in- 
plovcd  is  a  stronger  preparatiou  of  iodine,  being  u  1 0-|3cr-cent.  imltitiun 
with  [wtii.iiinni  iiHlidr. 

Id  tbe  manufacture  of  all  gra<les  of  aausiige,  scrupulous  care  ^hollld 

obwr\-vd  to  socim^  eli^udiiK'n^  of  the  ctU4ing»<,  whieli  injuire  more 

lhomu;rh  treatment  than  tbe  mere  piiBsige  of  water  tbniugb  Ihciii,     Dr. 

Si-iiilting '  n'piirW  lh«-  ex  ami  mil  ion  of  prepared  intcstims*  whifh  yielded 

gnuibi  of  excrement  per  meter. 

Owing  to  tin-  occiirr<-nee  of  a  gray  otilor,  which  is  said  by  M(^"er '  to 
be  tlae  (o  the  |)U)u<3gi-  of  ^uilt  by  dilftu^ioii  from  tbe  c>outcDt»  to  the 
cn.Miiir.  whii-h  i.H  rich  in  wntiT  ami  )HH>r  in  Kill,  the  iiimnicn-ial  vabio 
f  certain  varielie^  of  *ausiige  U  irajiaind,  and  bciice  it  Iwcorncs  iii'c«s- 
flaiy  lo  apply  artitieial  colors,  or  so  to  lre;it  the  ^lulling  limt  tbo  change 
ID  color  :>hiil]  iiol  occur.  The  very  nil  appearance  u  liich  «o  oth-n  siig- 
ibe  preeence  of  coal-tar  products  may  Im'  dne  lo  the  nctiim  of 
luniibsM  [M«)iwrv-ative»,  like  nilcr,  or  the  liiciiinglobin  of  swine  hlrKxl. 
In  nuch  rase,  the  extract  with  ahvjbol,  glycerin,  or  amvl  alcohol  will 
lot  dye  wool,  and  llie  color  cinnot  Im-  |in-cipitatc<l  li^  a  lake. 
Aoeonling  to  J.  Htildanc,*  the  red  color  of  eookitl  italttHl  mt^als  U 
line  to  tl»e  prwence  of  NO-hieDionbroniiig<-n  pnHlnceil  by  the  ilcconiposi- 
lioQ  of  NO-lm-inoplobin,  wbtcb  U  formed  by  the  actitm  of  a  nitrite  on 
the  NO-hieniocbromogeu  in  the  absents-  of  iixygcn  and  presciin-  of  ri- 
turing  agi-nln.  Tin-  nitrite  i*  lormed  by  reduction,  witbin  tbe  niw 
t.  of  th«  niter  u^  in  !^lling. 
Cvrtaia  of  tbr  arliliciiil  »iin«ige  colore,  a»  "  Orangt-  II.,"  the  sodium 
It  of  ^naplitholazobenzeiic,  are  extractetl  easily  H'itli  acidulaliHl 
',  and  will  dvi-  wo*>ten  IUkth  inmierMtl  thcnin. 

■  Iknidi  Ar  \M\nnv  W-mriiiMliv,  \»M. 

•Z*il?<'hiift  frir  FIWhIi-  i.nd  Mjlcbljyjcifiiir.  IH%.  n.  S&. 

'Ikiit-chi'  iin-<licini.«cln-  Woclwriiolirift,  ll'OO.  p.  802. 

•  nirniikcT  '/Miaag,  I'MK  p.  3. 

*  Jonn»\  ot  llrgtim,  \»0l,  \oL  I,  p.  lib. 
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Id  the  ordinary  seose  of  the  word,  fish  includeB,  is  addition  to  the 
varieties  of  fish  in  its  narrow  sense,  molliisks  (clams,  oysters,  mu&sels, 
etc.)  snd  crustaceans  (lobtit«?rs,  crabs,  crawfish,  and  shrimps). 

Many  pr^udices  have  e:[ist«d  from  the  earliest  times,  and  to  a  cer- 
tain extent  still  exist,  agaiiii^t  the  utie  of  fish  in  the  diet.  The  ancient 
belief  that  a  fish  diet  is  a  common  cause  of  leprosy  still  obtains  to  a 
certain  extent,  even  among  enlightened  people,  in  spite  of  all  scientifio 
evidence  to  the  contrarj'.  Thus,  Mr,  Jonathan  Hutchinson '  main- 
tains that  this  disease  is  so  caused,  es]>ecially  if  the  fish  is  poorly  cooked 
or  partially  decomi>osed.  He  asserts  that  the  diseiiee  prevails  near  the 
sea  and  is  disappearing  before  the  advance  of  agriculture;  but  oj>- 
posed  to  this  is  the  fact  that,  in  the  interior  of  India,  the  disease  is  very 
common  among  jH-ojile  whose  religion  forbids  the  use  of  fish,  and  who 
cannot  obtain  it  even  if  it  were  desired. 

Some  varieties  of  fish  cannot  be  eaten,  because  of  their  inherent 
j>oisonous  propertii's.  But  few  of  these  are,  however,  found  north  of 
the  tropics.  Bome  of  them  are  always  poisonous,  and  others  only  at 
certain  times ;  and  in  some  cases,  in<lividuub'  of  certain  species  may  be 
and  others  may  not  be  noxious.  Some  ^'a^ieties  of  fish  arc  the  hoeU 
of  parasites,  some  of  which  are  injurious  to  man,  but  unless  eaten  in 
the  raw  state  they  are  not  likely  to  produce  harm. 

There  is  a  belief  ttiat  fish  is  particularly  valuable  as  a  brain  food,  od 
account  of  the  supposed  high  percentage  of  phosphonis  that  it  contains. 
The  amount  of  phosphorus  is,  however,  so  far  as  is  known,  no  hi^er 
in  fish  than  in  meat  and,  moreover,  this  element  is  no  more  essential 
to  the  brain  and  nervous  system  than  any  others  which  are  present. 
If  there  were  any  tnith  in  this  common  Iwlief,  we  should  expect 
naturally  to  find  men  of  ctmimanding  intellect  among  those  whose 
diet  consists  mainly  of  fish,  but,  as  is  well  known,  such  people  are  of « 
low  order  of  intelligeiife,  thou(;li  not  by  reason  of  their  diet. 

In  spite  of  the  large  amount  of  nutriment  contained,  fish  has  not  the 
same  satisfying  properties  that  belong  to  meats,  but  it  is  an  exoeed- 
inglv  vahiablo  f(>od,  and  in  many  [miMs  of  nortliem  countries  is  the 
prinoi[Nil  animal  foi>d.  Tlie  flavor  of  fish  is  Influenced  greatly  by  the 
nature  of  the  fi>od  su|iply  and  by  the  content  of  fat.  Generally  speak- 
ing, salt-water  fish  from  deeji  water,  where  the  curr«it  is  strong,  are 
better  than  tha-je  from  shallow,  warm,  and  quiet  water,  and  both  salt- 
water and  fn-sli-water  fish  taken  frum  rocky  and  sandy  iMttoms  are 
preferred  to  those  from  muddy  bottoms. 

Condition  \>  ilcjx'nilciit  upon  a  variety  of  circumstances.  Some  fish 
are  regarded  most  liighly  during  their  sjKiwning  season  (shad  and 
smelts),  while  others  are  lookc<l  upiiu  with  disfavor  at  this  period. 
Fish  caught  by  the  gills  in  gill  nets  die  slowly,  but  decompose  rapidly, 
and  such  are  of  inforiivr  flavor  and  value.  Kisli  taken  from  the  water 
'  .irchives  of  Surgorj',  April,  ItiftS. 
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itire  and  killed  at  once  remain  firm  and  retain  their  flavor  longer  than 
tbwe  allowed  to  die  slowly. 

Digestibili^. — So  far  att  is  known,  the  digestibility  of  fish  and  meat 
is  about  equal,  but,  aa  is  true  of  meats,  different  varieties  of  fish  are 
diffweatly  digestible.  Thus,  those  which  contain  the  greatest  per- 
wolages  of  fat,  as  salmon,  eels,  and  mackerel,  are  the  moat  difficult  of 
digestion.  The  processes  of  drying,  smoking,  suiting,  and  pickling 
le^  digestibility,  and  fish  so  treated  are,  in  consequence,  less  suited 
to  the  needs  of  invalids  and  dyspeptics.  The  mollnsks  are  r^ardcd 
^raUy  us  most  digestible,  while  the  crustaceans  are  believed  to  tax 
the  digestive  powers  much  more  than  any  other  animal  food.  Many 
persons  are  unable  to  digest  them  in  any  form,  and  others  who  suffer 
BO  inconvenience,  so  far  aa  digestion  is  concerned,  are  obliged  to  prac- 
tise self-4lenial,  because  of  idiosyncrasy,  which  manifests  itself  in  dis- 
tTK-ing  eruptive  disorders  of  the  skin,  dizziness,  and  other  nervous 
symptiims.  Lobster  and  crabs  are  much  alike,  but  the  former  is  less 
Ultely  to  disagree.  The  claws  of  tlie  lobster  are  more  tender  and  deli- 
Bite  than  the  tail,  which  is  firmer  and  much  closur  grained.  Shrimps 
are  rated  generally  as  more  difiiciilt  of  digestion  than  lobsters  and 
cralw,  but  with  many  they  are  borne  more  easily. 

Tbe  moUusks  are  more  digestible  in  the  raw  state  than  when  cooked. 
The  comparatively  tough  [jart  of  the  oyster,  the  adductor  muscle,  ia 
very  trying  to  some  persons,  and  for  such  it  is  best  removed  and 
rejected. 

Keeping  Qualities. — Fish  flesh  differs  very  greatly  from  meats  in 
teeping  qualities.  While  the  latter  are  improved  up  to  a  certain  point 
by  hanging,  fish  should  be  eaten  while  fairly  freah,  since  decomposition 
<Mti  in  very  quickly.  Some  varieties,  as  halibut,  cod,  haddock,  and 
larbut,  may  be  kept  a  week  or  more  when  properly  cared  for,  while 
others  Ix^n  to  deteriorate  almost  immediately.  So  long  as  the  flesh 
is  firm  and  stiff,  all  fish  is  edible,  but  when  it  is  crushed  readily  by 
Koitle  pressure  between  the  fingers,  it  is  unsound  and  should  be  re- 
jected. Mollusks  and  criLstaceans  decompose  very  quickly,  and  the 
latter  when  boiled  a  short  time  after  natural  death  have  but  little 
flavor. 

Oompositioii. — In  proteids,  fish  rank  nearly  as  high  as  meats,  but 
ihej  are  very  much  poorer  in  fat,  only  a  few  varieties  yielding  over  10 
per  cent.  These  include  salmon,  turbot,  lamprey  eels,  eels,  bntterfish, 
lake  trout,  and  herring,  and  are  followed  by  shad  and  Spanish  mark- 
erei,  with  over  9  per  cent.  The  great  majority  of  species  contjiin  less 
Ihan  .5  per  cent.,  and  many  of  the  rnramoner  kinds  even  less  than  1 
per  (rent.  In  fact,  most  fish  flesh  yields  more  mineral  matter  than  fat. 
Shellfish  are  fairly  rich  in  proteids  and  contain  notable  amounts  of 
carlxihydrates,  but  they  are  very  poor  in  fat. 

The  chemical  composition  of  the  edible  portions  of  many  varieties  of 
.American  fish  is  given  in  the  following  table  compiled  from  the  report 
ff  the  U.  S.  Commissioner  of  Fish  and  Fisheries  for  1888  : 
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Kind«  of  6ab. 


('HiifomiB  aalmon 

\'ji\ 

Sulnion 

SpuiiHli  mackerel 

I.nko  trout 

Wliilelidli 

Himortwh 

Shad 

Liuii|>rey  eel 

Tiirl"jt  ' 

Mnckurcl 

Herring 

I'oitiimiio 

Ak-wifc- 

Hiiinll- mouthed  black  bsn  . 

lUlibul 

SlH'e|wliFai] 

Wliiiu  |>ercli 

l'olU>ok 

( isci 

l[iiBkpltiiiig« 

StrijK'd  IkD^ 

ltro"k  irt'ut 

Itml  Htlniiper 

Illiietish 

l.ar)te-nioiillied  black  buB  . 
I^iimll-moiilhed  red-hoiM  .    . 

Siurjwn 

SVnK 

Wtukfisb 

Itlncktwii 

Smelt 

KiiiKfl»l> 

S'li  li«i»' 

(iniiL)ipr 

Yelliiw  [icrrh 

riki>  (leri'h,  AVall-eTcd  pike 

I'iokcrvl ■.    .    .    . 

like  iH'n-h,  Or«¥  pike  -   .    . 

HndiU** 

Tixiuxd 


Ke>l  luiw      '    -   • 

nisk 

r,M 

Hake 

<'>umiHi»  HiMinder  . 
Wiiiirr  IlkHiiider  ,  . 


Infletb. 


Proteld*. 


Fat. 


perot. 
.17.46 
ld.H2 
20.77 
20-97 
18.22 
22.06 
17.81 
18.65 
14.93 
12.92 
18.77 
18.19 
18.S5 
19.17 
21.50 
18.35 
19.54 
19.03 
21.(15 
19.12 
19.63 
18.31 
18.97 
19.20 
10.02 
19.24 
17.90 
IT. 96 
18.82 
17.45 
18.47 
17  36 
18.66 
18.T5 
18.80 
18.49 
1S.42 
!8.m 

17.10 
17.0S 


t*tie«t  »i1iiitu) 


lti.SS 
16.92 
Ifi-CO 
15.24 
l;l.S2 
14.01 

IS.,12 
17.24 


perct. 

17,87 
18.74 
12.09 
9.43 
11.38 
6.49 
11.03 
9.48 
1329 
14.41 
8.21 
8.02 
7.57 
4S2 
2.44 
5.18 
369 
4.07 
0.78 
3.48 
2.54 
2.83 
2.10 
1.03 
1.25 
0.96 
2.35 
1,90 
0.93 
2.39 
1. 35 
1.80 
0,95 
0,49 
0.60 
0.70 
0.47 

aso 
a76 

0.26 

o.:v>< 
0  5;t 
o,ir 
aso 

0,67 
0.69 
a44 


A.h.      Totat.    Wat.,.!^;'^™;;^ 


perct, 
1.06 
0.93 
1.38 
1.50 
1,26 
1.62 
1.14 
1,35 
0.66 
1,28 
1.40 
1.69 
1.00 
1,47 
1,24 
1.05 
1.22 
1.19 
1.55 
1.25 
1,57 
1.16 
1.21 
1.31 
1.27 
1.19 
1.19 
1.43 
1.43 
1.19 
1.08 
1.68 
1.18 
1.44 
1.15 
1-29 
1.37 
1,18 
1,13 
1.25 
a99 
1.23 
a90 
l.-.'4 
0.98 
l.-ii 

i.at 


perct. 
36,39 
36.49 
34-'4 
31,90 
3a86 
30.17 
29,98 
29.38 
28.88 
28,61 
28.38 
27.90 
27,22 
26.56 
25.18 
24.58 
24.46 
24.29 
23.98 
23.85 
23,74 
22.30 
22.28 
21.54 
21.54 
21.39 
21,44 
21.29 
21.18 
21,03 
20.90 
20.84 
20,79 
20.68 
20,55 
20.48 

i-cati 

20.32 
19.16 
18.61 
18,45 
18,44 
17,99 
17,54 
16,S9 
15,79 
15.66 


per  CI. 

63.61 
64.51 
6.1,76 
68,10 
69.14 
69.83 
70.02 
70.62 
71.12 
71.39 
71.62 
72.10 
72.78 
74,44 
74.82 
75,42 
75..^5 
75,71 
76.02 
76.15 
76.26 
77,70 
77.72 
78.46 
78.46 
78.61 
78.56 
78.71 
78.82 
78,97 
79.10 
79.16 
79.21 
7932 
79.46 
79.62 
79,74 
79.68 
80,85 
81.39 
81.55 
81.56 
8-2.01 
82.46 
83.11 
84.21 
84.35 


Caloria, 
1.080 
1,085 
895 
790 
820 
686 
795 
745 
840 
850 
695 
675 
665 
566 
505 
560 
520 
525 
43.5 
505 
470 
460 
440 
400 
405 
400 
430 
415 
390 
425 
400 
400 
386 
370 
875 
375 
360 
370 
355 
330 
335 
335 
320 
310 
310 
285 
280 


S-tlO      1.14      23.?6     76.74  495 

2.»S      1.24      21.46    78.54  I         44S 
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Flih. 


Doireiied  codftsh  (fish  meal) 

McodliBii         

Ml  nuckerel 

SauliBd  haddock 

faioix4  halibut 

Smoked  herring 

Cinned  salmon 

L'uued  nucherel 

Cumed  lonuj 


Ediblu  portion. 


Nuliicnu, 


perct, 

74.46 
21.42 

33.68 
20.57 
36.44 
20.06 
1B.91 
21.52 


]  per  ct, 

,     l.tlO 

0.34 

25.12 

0.17 

15.03 

15.82 

15.70 

B.68 

4.05 


perct, 
5.41 
1.62 
2.59 
1.53 
2.06 
1.63 
1.33 
1.30 
1.69 


pcrct. 

percL  1 

84.75 

15.25 

46.42 

53.58 

fi6.99 

43.01 

27.44 

72.56 

50.62 

49.38 

G5.45 

34.55 

38.12 

61.88 

31.82 

68.18 

27.26 

72.74 

i 


If 
&  _ 

CBlor. 
1,465 

410 
1,410 

445 
1,015 
1,345 
1,035 

735 

570 


I 


percl. 

2.88 
23.04 
10.40 

2.06 
12.96 
11.66 

1.04 

1.93 


Piita. 


Ojw™ 9.78 

tlr»l(r  liquor 1.48 

l'BD(d  ojBteni 7.41 

Lmgclains 14.55 

Luogcluiu  (canned) 17.73 

R-und  clams 11.-^9 

fbund  cianu  (cuined) 16.70 

Hiiswl* J2.51 

SeiHop. 14.75 

Lolwtef 14.49 

LoUwr[«nned) 18.13 

fjib 16.64 

Cnb  (canned) 16.80 

i^riinpi  (canned) 25.38 

Tcm|.Ln i  21,23 

(■r«n  lurtle 19.84 


i 

It 
.a 

i 

3 

2.05 

5.89 

1.98 

19.70 

0.03 

0.75 

2.13 

4.39 

2.07 

3.95 

1.31 

14.74 

1.79 

2.94 

2.76 

22.04 

2.89 

1.-59 

3.16 

25.37 

0.74 

7.21 

2.22 

21.76 

1.27 

4.14 

2.33 

24.44 

1.67 

5.42 

1.73 

21.33 

0.17 

3.38 

1,38 

19.68 

1.84 

1.71 

1.07 

2.47 

1.96 

3,13 

1.55 

1.04 

1.00 

.       -       . 

2.68 

3.47 

1.02 

0.53 

1.20 

I 


80.30 
95.61 

85.26 
77.96 
74.63 
78.24 
75.56 
78.67 
80.32 


Meat  and  Fish  and  Parasitic  Disease. 

Man  b  often  the  host  of  parasites  through  ingeitinn  of  infostcd  meat 
ami  lish.  Of  these,  the  oiiwt  common  i.s  the  tapevorm,  of  whioli  at 
least  ten  species  arc  known,  though  only  three  have  hcen  demonstrated 
a*  having  any  connection  with  food.  These  are  Trenia  saginata  (T, 
molioeanelluta)  due  to  meanly  beef,  Tsenia  solinm  to  measly  pork,  and 
BithriiXKplialtis  latus  to  infenteil  stiii^eon,  ()iko,  jxjreh,  and  ssilmon. 
The  latter  is  very  rare  in  this  coiiiitni-,  though  not  uncommon  iihmg 
the  Baltic.  Of  the  large  number  of  worms  which  infest  fish,  this  is  the 
Dnly  one  known  to  l)e  conveye<l  to  man.  It  is  kilk'd  very  quickly  if 
the  fish  is  cooked  properly. 

The  lar\-al  forms  of  T.  BE^inata  and  T,  solium  exist  in  l>eef  and 
p"rk  respectively  as  Cysticercus  bovis  and  C.  celhilosH?,  The  latt<'r 
i*  fmrnd  rarely  also  in  mutton.     Meats  inf(\ste<)  with  tliesc  forms  are 
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known  an  "  meafly  "  or  "  nunftlcd,"  and  tW  imimnU  from  whidi  tli^i 
lurabi  arc  dcrivotl  arc  kiiuwn  ni'  tti*^'  intcrmulmlo  lio^tt^,  man  bciu^ 
the  final  host.     Thi-  life  hiHtory  of  tin-  lajieworni  i.-  nnicK  mi>n'  .-imiilei 
^Uti)  UuiC  of  innny  oUkt  |>iinu«ib».     Ilcgiitiiiii];  with  th<.-  udult  tape, 
'worm  in  man,  the  cj-cle  is  as  follow*::  From  each  individual   st^icnt, 
which  ix  ]>fis!<i^s.<i-(I  of  ii  comjiloti.'  n-pnHltKtivit  svhu-iii,  an-ai   niiiiibiT*  < 
<if  fjlljs  are  diirrliiir^od.    The  hittM*  arp  expcl]e<J  from  the  intestine  willi 
thi-  tW-fA,  and  Sfinif  of  thoin  vvi-ntually  niiiv  (.■nlcr  thv  digt'^livt-  tHK-t  iif 
uittlc  or  ■'wine  ttiri)iif;b  tho  food  ur  wntvr.  In  ihc  intestine,  the  ombiyos 
IxfODii;  lilx-ralcd  from  the  t^c^,  and  tWy  tlieti  iiiake  tln-ir  way  in  lafj^ff 
luniibrr^  t«  tlif  niiiM.-tdiir  liwiK-i^,  biiiin,  liver,  and  othi-r  jwrte,  wIhtv 
tlii-y  eimie  Ut  nut  am!  d<rvt'lu|i  ad  bladder  worms.     'I'lic  bitiddprs  an- 
variable  in  »ixv,  tlic  ninalb-nt  iK-ing  about  ^  inoli,  iiiid  (lie  Inr)^-!-!  aUiut 

inch  at-ross,  and,  in  the  flesh,  are  erowdde*!  (x-tween  the  muneular 
Ik^is.  The  living  nninial  lihow^  nothinj:  in  it.'>  n|i{H4imnoc  to  in<iicnti- 
the  preeeiiee  of  the  |Kir!iiiite.  fxcejitinji  when  the  pysl  can  be  seen  in  the 
nndi-r  side  of  the  tungni-  or  Ixiwi'i-n  tin-  tonirnc  and  the  lower  jaw.  If 
now  the  nnininl  U  »lun;i;liten'd  aud  the  meat  iii  eaten  ruw  or  im))erfeetly 
oih)Iv<.h],  the  Cy^doercnH  ir  freed  from  iti>  enveloping  ni{M«iite  and  }>ro- 
dtils  t'l  develop  into  an  adult  tuiicworm,  nnd  the  cycle  b  ooniplcto. 
The  Cy.ttietTcns  Imivi-h  die-  «illini  two  or  lliri'e  weeks  after  the 
nUnghter  of  !t>>  ho(<t,  jiiid.  tlierefun:-,  rieasled  beef,  kept  fur  ihnv  wwk» 
in  cold  fttonigi-,  liecomert  inciiiialiK-  of  pi-odiK^ng  harmful  elFwits.  It  i« 
killed  within  '2'4  hoiini  by  piekliiig  folutiona  nf  eomnion  »alt,  wlien 
brought  into  intimnte  contnet.  The  CyMicercuH  «'thdu?w  ItveH  mllwr 
h>nger  in  eolit  sioiiige:  pi-obiihly  a  month  or  more,  Both  of  thew 
larvic  are  killetl  l>y  ex|Ki(-«re  to  a  lemin-rnturc  of  HC^  F.  for  5 
minute<>,  iind  il-<  tiii;<  i.-*  lower  than  the  tt-ni|H'iiilur(-  in  the  interior  of 
well-<'iK>ketl  meat,  it  i«  nouovMiiy  only  to  mukc  »iire  that  the  meat  in 
|)r(iinTly  eooked  to  escape  danger.  Neither  parat'ite  ih  def-tniyed  by 
ordinary'  smoking  or  suiting,  but  txttb  iin-  kilU-il  by  hot  smoking. 

Till-  sale  of  ni«iwled  meat  i«  (wrmitted  in  nuiiiy  eoiinln\>  of  Euni]ie, 
but  it  iinint  Ik-  ■'old  n.-*  Midi  and  only  in  .■<jK-eialty  designated  places.  It 
findn  u  nady  market  at  a  low  priev,  and  the  pnrelnLUCiv  arc  wiiriied 
lliMl  it  lihonld  W  eiHikerl  thoroughly.  Aeetiixling  to  Yirehow,  simv  the 
iiilroduetioEi  of  »iyMleniiitie  mesil  inKiKs-tion,  the  pmimrtion  oflApiworiu 
ill  the  luimun  subject  dUsecteil  in  Berlin  luu  liillen  frani  1  in  m  to  L 
in  •_'*). 

A  parasite  of  far  greater  iniporlanco  i«  the  Triduna  spiralis,  wliieh 
is  fomwl  abnoKt  exeln^ively  in  \n\r\i  and  only  ocrasioually  in  ibc  Hcsli 
of  other  nianimaU  and  of  binis  and  frogis.  Tricbinie  an-  small,  thnixl- 
like  wonns,  mtieh  longer  than  one  would  supiMi?*-  on  jKiM'ing  examina- 
tion of  fairly  thiek  niieroseopie  pn.-paration.'i,  since  ihey  are  eoileii  with 
sevet^  turoH  within  the  minute  cytits  in  which  thc>'  arc  lodged.  In 
Ilate  I.,  Fig.  1,  \a  nhown  one  of  llie  jmrasiles  in  the  free  state.  In  the 
pig  tile  worm  infects  Ixitb  the  fiit  and  the  voloiitjiry  nui.'«eh*,  but  iliielly 
the  latter,  iiud  eiiH-ei.illy  the  diaphrngm,  ibc  iiileroifia!*.  and  the  mus- 
«loi  of  the  jiiw.     \\'heu  eiuitiisidated  tn  tJit  tlwh,  llwir  location  may  be 
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evident  to  the  naked  eye  as  small  vhite  speckB.  Thio  eections  of 
muiiclcs,  treated  a  few  minutes  in  weak  caustic  potash  solution  (1  :  10), 
are  .«oon  made  sufficiently  clear  to  reveal  the  coiled  worm  under  a  lens 
of  low  power.  If  very  much  fat  is  present  or  if  the  capeule  has 
become  calcareous  and  thick,  it  may  be  necessary  to  employ  ether  or 
acetic  acid  before  applying  the  potash.  When  tiie  parasites  are  very 
numerous,  the  flesh  ia  both  speckled  and  pale. 

Our  first  knowledge  of  the  neriouB  elfects  which  may  result  from 
eating  infested  pork  dates  back  only  to  1860,  although  the  parasite  had 
been  discoverefl  in  the  muscles  of  a  human  subject  by  James  Paget  in 
li<3;i  and  name<l  by  Richard  Owen.  It  long  was  regarded  as  a  liarm- 
less  parasite  and  curiosity,  and  its  effects  were  mistaken  for  rheuma- 
tLim,  typhoid  fever,  and  other  diseases  of  common  occurrence.  The 
aw  which  finally  revealed  its  capacity  for  harm  was  that  of  a  young 
woman  admitted  to  the  hospital  at  Dresden  suffering,  it  was  supposed, 
fmm  typhoid  fever.  In  a  short  time,  a  train  of  symptoms  quite  unlike 
tW  of  that  disease  appeared,  the  most  marked  one  being  very  acute 
pain  involving  the  entire  muscular  system,  and  intensified  on  attempting 
to  move.  On  account  of  the  agony  induced,  extension  of  the  arras 
ud  legs  was  quite  impossible.  Pneumonia  supervened,  and  in  a  few 
(iavfl  the  victim  died.  The  autopsy  revealed  the  parasite  in  vast  numbers 
in  the  muscfes,  and  this  led  to  further  investigation,  which  showed 
ihat,  four  days  before  the  first  symptoms  of  illness  appeared,  she  had 
eaten  freshly  killed  pork.  Some  of  this  was  secured  in  the  form  of  ham 
and  sausage,  and  examination  demonstrated  the  presence  of  the  parasite. 
The  first  extensive  outbreak  which  caused  the  disease  to  be  looked 
upou  as  one  of  great  importance  occurred  in  Pnissia  in  1863,  when 
iDHre  than  20  persons  died  within  a  month  after  a  dinner  in  which  103 
liad  particii>ated,  and  at  which  smoked  sausages  made  from  an  infested 
pig  had  been  ser\-ed.  The  parasites  were  discovered  in  the  muscles 
of  those  who  died  and  in  the  sausages  that  remained.  Since  that 
time,  it  has  been  customary  in  most  large  slaughtering  establishments 
to  eiiaminc  pork  for  evidence  of  tlie  para-^ite,  before  i)assing  it  as  fit  for 
food.  But  examination  is  not  alwaj-s  a  safe^iard,  even  in  countries 
*here  it  is  obser\'ed  most  carefully.  In  Germany,  for  instance,  where 
all  meats  are  supposed  to  be  examined  with  scrupulous  cjire,  particu- 
larly those  from  the  United  States,  the  disease  is  very  common. 

In  1 S83,  on  account  of  the  alleged  dangers  which  lurked  in  Ameri- 
«in  meats,  importation  was  interdicted  for  a  time,  but  in  the  succeed- 
ing lo  years  there  were  in  Prussia  alone  3,00.3  caws  and  207  deaths, 
not  one  of  which  could  be  traced  to  American  meat  cither  salted, 
piotled,  canned,  or  made  into  smoked  sausages.  Over  40  per  cent. 
"f  iho  ca*es  ivere  tni<«<l  to  Eunipcan  meat  which  had  been  pas.«e*I  as 
friv  from  frichinie,  and  the  rest  to  European  meat  which  had  been 
fiiarnl  to  contain  the  parasite,  but  had,  nevertheless,  been  handled  by 
llie  trade.  During  1899,  the  parasites  were  found  by  the  microscopists 
of  the  U.  S.  Department  of  Agriculture  in  41,659'  of  the  2,^27,740 
itogn  examined. 
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It   is    probablf^,    as   i^tatn]    hy  Cliarle*  W.    Stllai,'   who   collected  ■ 
tboiil  900  r\-ix>rlcd  auv^  wliicli  liiul  DC-i-iinwJ   in   ilii:<  country  diiriii^  I 
the  3y  years  I8tiO-lH9-%  that   the  disesijie   is  more  commoo  La  the  ■ 
Uiiiuil  Slalc.i  riiiin  f;i-iiiTulIy  i.-  Mi[>|>iiM-d.      Il  is  a<i"e[>U-iJ  i>>miiKmIy 
that    I    ()r  2    jwr  ceot.  of  di^«-ictiiig-r(wDi  ^ul>joc■t^'  tJhjw   pvicktiw  of 
the   parasite,  biit  it  woidd  iip{H'ar  from  the  investigatiiuiB  of  H.   U.  ■ 
Williiims''  timt  i)»j-  c»liiiiatc  ij*  iniicli  \iw  ktvf,  for  ain-fiil  c\uniiiiutt(>n  * 
of  'Mb  eatlavers  taken  al  nmdoni  lOiowed  old  eneap!'ulatii>n  and  calciB- 
(^atinn  in  no  lo-->»  t.Imn  27  inNtiiticx^,  tir  •'i.-M   |n-i'  ix-dU     The  IjirlhpbiiVK  M 
of  the  fiubjedii  iiichided  all  of  ihu  amrX  im|K>rtaot  couniries  of  Europe  V 
and    North  Anici-ii'ii,  Imt  thtr  tiuiiiUT  of  tUM.-.*  I'suniiiutl  was  ton  Mnall 
lo  aiiuiit  of  iKt'umic  ojncluHiour^  a»  to  the  influence  of  nutionalitr  upon 
tlie  fi-etjui-ney  of  the  disea.-e.     It  is  cvidi-rit  llial  ninny  cases  of  tri<-hino.-<is 
VMujK-  dd<-(-tioii,  nnd  thai,  ui^  Willitini^  [)oiiit«  out,  ivtiuiate^  Imvi-  been 
bafied  on  niiketl-eye  diajfiiosi^, 

111  wpiU-  of  the  danger  of  eating  trichinuiis  mejil,  there  arc  ihw^-  who 
are  not  deterred  by  fear  from  eating  it.  In  Germany,  for  uii'tanoe,  it 
has  Iiii|i[>tHied  a  number  of  limi.-s  tbiit  bogs  wbie.li  biivc  Ixt'i)  I'lindt^mmtl 
and  onlered  bnritil  by  the  sanitary  authorities  liave  been  dug  up  cur- 
reptitiim.-ly  and  iiiti^i.' 

TriebiinKiiw  Ijcjiis  eeilain  resemblaneee  to  typhoid  fever  and  to  acute  tu- 
berculosiH,  but  in  addition  is  acrompiinied  by  cedenm  and  intense  paiu. 
It  arisen  from  «iting  ihe  iiife-led  meat  in  a  raw  or  nol  well  wmki-d 
ciMidition.  Tiie  trichina'  are  killwl  by  exposure  to  155°  F.,  if  they  are 
nol  furaiisulattii ;  ollicrwise  by  u  teuiijemtiirc  of  158"  to  lliO".  Tliey 
are  not  affected  by  intenw  oold,  putrefactive  processes,  nor  ordinaiy 
smoking,  biii  arc  killed  by  lung  piiUliiig. 

The  firet  symptoms  ajiiwar  in  a  few  days  after  ingestion,  and  indi- 
eate  irritation  uf  tlie  idinienuiry  eiuiai.  The--"!-  aiv  followi^l  by  filirile" 
i^ymptums  and  intense  muscular  |jain^.  Death  may  occur  within  a 
few  weeks.  In  caec  of  recovery,  tlie  {Hinisites  btsxime  encysted,  and 
then  arc  in«ip«blc  of  pniihu-iiig  further  injury  to  their  host.  Tlic 
manner  in  wbieli  ihey  juinhiee  their  efftvis  is  as  follows:  When  the 
infested  nieat  reaches  ihc  >toniin'h,  the  iligi'.-^ive  jiiiw.-'  di.-^olve  the 
capsules,  aud  the  jtarar-ites  thne  are  left  in  a  free  state.  In  the  intes- 
tine, they  find  (^indiiions  favnmbl«  to  growth,  and  in  a  few  days'  time 
they  grow  hi  hir^  that  they  caD  be  tKca  with  the  nakLil  e^'c  siud  uppear 
like  ^ne  threads. 

The  fcmiilc  jinraMtes  when  fully  niutiire  begin  to  |>n^Hln»'  young, 
each  to  the  extent  of  upward  of  oOO.  Those  begin  at  once  a  migra- 
tion through  the  walU  of  the  inu-»finc  and  find  their  way  to  oil  yans 
of  the  bofly,  and  it  is  during  this  stage  that  the  fever  and  lotenw  pain 
are  caused. 

Ill  Plate  I.,  Fig.  2,  and  Plate  II.,  Fig.  1,  are  i-ecn  thiu  sections  of 
muscle  from  a  human  subject,  showing  the  worm  coiled  iij)  and  the 

'  Phibdclphin  MtJicnI  JoumnU  June  I,  1(101. 
'  Jmiranl  ii(  Me>Jii-al  Ri^earr'h,  Julv,  IWX,  y.  M. 

'  For  an  nciimiit  uf  vucli  i  cat*  (■uiisiill  &tiM.'liiill  (iir  Fleiscli-  tiud  Mil(.'b)ivj{ien«, 
H»7,  VU.,  p.  104. 
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Trlchinee   in   Pig  Muscle.     X  78. 
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thickened  capsule  formed  about   it.     In  Plate  II.,  Fig.  2,  it  may  be 
seen  within  the  muscle  of  an  infested  pig. 

The  sheep  disease  which  is  known  as  rot,  which  term,  it  must  be 
said,  is  used  to  include  a  large  number  of  abnormal  conditions,  but 
which,  in  its  strict  application,  means  a  parasitic  disease  of  the  liver,  is 
believed  by  many  to  be  of  sufficient  importance  to  warrant  the  con- 
demnatioD  of  the  flesh  of  the  animal,  but  the  scientific  evidence  on  this 
potDt  is  to  the  effect  that  no  possible  harm  can  come  to  the  consumer, 
(v^  though  the  liver  itself  be  eaten.  The  parasite  infests  not  ulone 
sheep,  but  cattle  as  well,  and  is  known  as  the  "  fluke."  Of  the  many 
irieties  of  flukes,  there  are  but  two  known  in  the  United  States ;  these 
»fe  the  common  liver  fluke  (leberwurm,  leber^el,  schafegel,  douve 
h^tique)  and  the  large  American  fluke.  The  former  infeste  cattle 
>ihI  sheep  ;  the  latter,  only  cattle. 

The  life  history  of  the  worm   is  exceedingly  complicated,  and  is  as 
folloffB;  The  adult  or  hermaphroditic  worm  fertilizes    itself  in  the 
hiliary  passages  of  the  liver,  and  produces  an   exceedingly  large  num- 
ber of  ^^8,  which  pass  to  the  intestine  of  the  host  with  the  bile,  and 
we  expelled  in  the  feces.     Such  of  the  ^;g9  as  eventually  reach  water 
pve  rise  after  a  longer  or  shorter  period,  according  to  temperature,  to 
H  eiliated  embryo,  which  on   its  escape  from  the  ^g  becomes  a  free 
iwimming  ciliated  miracidium,  and  enters  the  body  of  certain  species 
of  snails,  where  it  comes  to  rest.     Here  the  organism  grows,  and,  after 
s  time,  certain  germ  cells  in  its  posterior  portion  develop  a  still  difler- 
eoiforni  of  life,  the  ridiae.     These  wander  to  the  host's  liver  and  in- 
crease in  size,  and  in  turn  develop  from   their  germ  cells  the  next  gen- 
erstion,  which  are  called  cercarise.     These  leave  the  body  of  the  snail 
and  swim  about  in  the  water,  and  some  become  attached  to  blades  of 
gnb«,  where  they  form  enveloping  cysts  and  undergo  anatomical  cliang&s. 
For  their  next  stage  it  is  necessarj-  that  they  be  receive*]  into  the  stomach 
of  some  herbivorous  animal  by  being  swallowed  with  the  grass  to  which 
thfv  are  attached.    On  reaching  the  stomach,  the  cysts  are  destroyed  and 
'he  panLsitcs  migrate  to  the  liver  and  become  adult  hermaphrodites,  thus 
<*iii[>leting  the  cycle.     Occasionally  they  wander  to  the  lungs  and  other 
part-  of  the  binly.     In  the  liver,  the  jwrasites  attach  themselves  to  the 
wali*  of  the  bile  duct.s,  which  may  become  completely  blocked,  and  they 
caiw  the  breaking-down  of  the  surrounding  tissues  and  general  symptoms 
"liie  to  structural  changes.    The  parasite  cannot  be  transmittetl  directly 
from  animal  to  man,  since  it  requires  an  intermediate  host,  and  iu  the 
!-tagc  preceding  its  final  development  it  lh  not  attached  to  material  ci>ri- 
rtituiing  human  food.     There  are,  to  be  sure,  si}me  iusmnces  of  the  dis- 
(«■■«  in  man,  though  not  by  direct  transmission  from  meat.     The  nin- 
dition  cau.sed  by  flukes  is  known  variously  as  rot,  liver  rot,  fluke  dis- 
ease and  distomatosis. 
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TRANSMISSION   OF   DISEASE    BT    MEAT   AND    FISH. 

Ijiviii^  pulti<>p:iii<-  Imi-loria  iii  rli.'y^istil  iiimi  aitil  li^li  nviy  gntii  ncevi 
to  llic  stomach  iii  limil«(l  nunibeiv  an<)  bc^-t  nu  4(ii;c9i?e.  If  ihe^  are 
nnl  (Wcroyed  l>v  ihe  gaiiirifl  jiiin-,  tlii^  havi^  to  coiiiiiiit  witli  niyrtiuU 
of  or]gwiir>m^  noniml  to  thr  iittwlines,  iiml  it  ii'  unly  n-hcn  tlivAfHHli- 
tioHs  are  snoh  an  tw  favor  i?ston>uve  Riulliplit^iioii  iliiit  tlit-y  are  likrly 
to  ]>r<Nlui<c-  liiirnifiil  oflVvts.  In  meat  Uiai  ii-  «»)!<('<l  llionmpltly,  they 
an-  killt^i  hy  the  heat  to  which  they  are  titihjected. 

It  i^  well  known)  that  liif  Hlomai'li  hii>  ^ruit  ]mitivtivi'  (wwcr  in 
ifat  DHliinil  fiinrtimifi,  ^iiire  vertuin  violent  organic-  pctioons  may  be 
taken  into  thai  origin  wiihoiit  injury,  whilo  if  Ihc  sflinc  iirv^  intm- 
(ini'i-d  into  iIk;  i-iix-niulion,  the  ri'Mihw  are  fiitai  ;  thu<  the  venom  of  poi- 
ennoUH  serpents  is  digcwtctl  ttiid  intn)i-  hiirmli'sji  hy  the  stoniiw-h  jiiiws. 
An  inwliinw  nf  llic  innnnnily  [■onferrcfl  hy  cxiokiiijf  or  by  the  pnxrw 
of  di^rcstion,  or  by  both  together,  and  of  the  fatal  p»mll  of  the  adtuia- 
xion  of  the  harmful  eii^in'Mt  of  lIic  Mini'-  niiiit  to  iIk-  Hv.-^i>in  tlirougli 
€Ut»  anil  al>ni«ion>f,  ii-  given  hv  I^nlitr,'      Tiic  cnw  ii'  as  follown  : 

A  cow  diwi  i^iiddeiily  of  (inthmx  imd  wa.i  dn-swi^d  (or  IW«1.  llw 
incut  wiD"  «itfn  by  a  hir^e  iiiimlNrr  of  jieojilc,  none  of  whom  fnflV-rKl 
the  sligliteBt  in«>n\'enien<x'  or  iiijiiiy.  A  iiiinilH-r  of  «it»,  however, 
which  ate  wmK-  of  the  wiu-te  matters  jmd  lickctl  np  the  i)IiMwl,  liii-d  witli 
rtmxp  i^iiddenneH^  '  A  woman  who  lx>nght  the  heiid  and  woiuiiled  Iter- 
M-lf  ill  llic  priKtv.^  (if  cutting  it  iiji  had  a  chnrhon  at  the  plntH*  of  injiin* 
and  died.  Two  men  who  hel|ied  I'kin  the  (Ykw  had  clukrlion,  but  re- 
covered. A  f»)f  bclon^in^  to  one  nf  i1k-m.>  two  dietl  of  notlirax,  nnd 
another  man,  removing  the  nkin,  cut  himself  and  died.  The  nkin  of 
ttic  or!);inid  iinimid  wn8  Mild  anil  the  piiriliiocr  put  it  in  a  .ah<>d  on  hiA 
iarm.  Some  time  later,  one  of  Win  wtwc  died  Muklenly.  and  llw  man 
who  drt^cied  tlie  e:»reaKi  wonnded  hiros'elf  dnring  the  proeewj,  acquired 
a  chiirlHin,  anil  ilied.  How  much  further  iliiK  scrie."  of  l'ataliti(?i  mifH>l 
Imve  extindetl  rantiot  lie  known,  >^inee  the  authoritieH  took  steps  ia  the 
matter  atid  pri'veiitrtl  further  fatuliti(»>. 

Miiny  iiiKtiinciw  iire  known  in  winch  llic  flc-ih  nf  ([illlc  dcjtd  of  in- 
fM-lioiiH  diM?ui>o  has  lieen  eaten  with  impunity.  During  the  »\eg)' 
of  IVri",  for  example,  wiuti  the  foiHl  fjiipjily  wii*  uxwdiiigly  liuiiti-d 
in  amount,  no  one  pnid  the  .Hlijrhiesl  attention  to  the  eoiidilinu  of  meat 
in  rim[M'ct  li'  di.iimsc,  even  jflondeivd  liorscs  litidiii;;  a  i-i'iidy  niiirket, 
and,  Hii  tiir  ar  ix  known,  iio  ill  efTeetx  reunited. 

Many  yifln*  ago,  wliwi  the  r'nni'fj"-'t  was  veri'  prM'alciil  in  itohemiil, 
tlio  iliwcaM-d  eatilr  wen-  kilhil  nnd  Imrieil  hy  onler  of  the  jtovernmenl ; 
but  the  jM-orer  eJa***  dug  up  ihe  iitnaK'^i^  oml  cooked  and  ale  ihrm 
without    ■"uflVring  any   evil   (■oii!«e<jucUf(*  whatwwvcr. 

During   the  prevulnioe  of  the  Mime  difca^  iu  Kngland  in  the  early 
filxtii^,  the  rnrnt  fnim  the  dtMiised  aniiiial."  in  nil  KliLgc"  of  the  dbteiu-    a 
per  wax  M'lit  iu  enormonif  (|iiaiititie^  to  market,  and  Hild  and  vutvo  I 
without  evil  effects.     A  similar  immunity  has  ot^eti  Ivc-en  noticed  afltf 
>  VUttWK  A'iXj^tae,  \m&,  No.  5,  ]i.  41(1. 
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die  consumption  of  the  carcasses  of  animals  dying  from  acute  pleu.ro- 
ptmoaia.  In  ordinarj-  cases  of  this  disease,  which  is  peculiar  to  beef 
dttle,  the  effects  are  localized  in  the  lungs.  Sometimes,  in  very  pro- 
■HHinced  cases,  the  flesh  is  altered  in  appearance,  becoming  dark  and 
discolored,  and  it  is  also  moist  and  flabby.  It  is  believed  that  the  meat 
is  edible,  if  it  possesses  a  normal  appearance.  The  meat  in  rinderpest 
nndergoes  no  marked  change  in  appearance,  excepting  in  advanced 
rasK,  when  it  is  dark  in  color  and  flabby  and  of  disagreeable  odiir. 

Id  ordinary  cases  of  foot  and  vwuth  disease,  it  appears  that  the  car- 
rasB  is  edible,  but  in  exceptional  cases,  when  the  animal  has  suffered  for 
a  long  time,  the  flesh  may  be  so  deteriorated  as  to  be  undesirable.  As 
a  nile,  although  the  disease  is  very  infectious,  its  course  is  mild  and 
blnferes  only  slightly,  if  at  all,  with  the  condition  of  the  meat,  which 
g«ierally  cannot  be  distinguished  from  that  of  healthy  animals. 

Although  many  instances  are  kno^¥^l  that  show  that  the  meat  of 
iBimals  suSering  with  anthrax  may  be  eaten  without  injurj',  it  is  the 
nnaiiimous  opinion  of  those  who  have  given  the  matter  attention,  that, 
i»  matter  how  good  the  meat  may  appear,  it  should  be  condemned  and 
fetmyed.  If  the  meat  is  well  cooked,  accidents  are  rare,  but  many 
cases  of  fatal  injury,  involving  a  large  number  of  victims,  have  been 
traced  to  the  use  of  such  meat,  presumably  not  thoroughly  cooked. 
In  spite  of  the  protection  conferred  by  cooking,  there  is  such  an  cle- 
■Deot  of  danger,  even  in  the  handling  of  the  meat,  that  lis  use  should 
be  discouraged  and  forbidden.  In  Scotland,  it  is  a  common  practice 
with  &rm  laborers  and  other  poor  to  eat  the  meat  of  sheep  which 
bave  died  of  acute  inflammatory  diseases,  even  of  anthrax.  The  car- 
os.^  of  an  animal  dying  of  disease  is  the  perquisite  of  the  herdsman 
and  almost  invariabTy  is  eaten  after  being  salted.  No  precaution  is 
token,  except  to  cut  away  the  darker  portions  of  the  meat  which 
^w  stagnation  of  the  blood.  Occasionally,  serious  consequences, 
due  either  to  imperfect  cooking  or  to  insufficient  siting,  result  from  its 
coiLxitmption. 

It  is  held  generally  that  the  flesh  of  animals  that  have  died  from 
Hc/inomycMM,  puerperal  fever,  "  strangle)!,"  hog  cholera,  and  nhe^i  scab 
i»  unfit  for  human  food. 

Tuberculosis. — The  cattle  disease  most  commonly  known  iu  this 
"'Unlry,  if  not  elsewhere,  is  iuhercuhsix,  and  concerning  the  advi.^iubility 
cif  aiing  the  flesh  of  its  victims',  there  is  much  difference  of  opinion, 
oereand  abroad.  The  illscase  is  more  common  in  cows,  es[>eciflllY  those 
kept  in  confinement,  than  in  steers  and  oxen.  It  is  almost  an  imknowu 
di-ease  in  the  great  henls  roaming  the  we«teni  plains.  In  Berlin,  iu 
lS!l2-9:i,  1.5,1  per  cent,  of  all  rattle,  l,r>-7  jx^r  cent,  of  swine,  0,11  per 
"'Dl.  of  calves,  and  0,004  per  cent,  of  sheep  .■^hinghtcred  showed  some 
evidence  '>f  the  existence  of  the  disea«o.  In  Copenhagen,  in  the  yc;irs 
11*90-93,  the  figures  were  somewhat  higher  than  those  of  Berlin,  ex- 
eppting  in  the  ease  of  sheep.  They  were  as  follows  :  IT. 7  jwr  cent.  i>f 
rattle,  1.5..3  per  cent,  of  swine,  0,2  jwr  cent,  of  ealves,  and  onlv  one 
rfieepout  of  337,014.     At  the  abattoirs  of  Leipzig,  in   1897,  nearly 


liiilf*  iif  tlic  nuvs  and  about  20  jwr  cent,  of  the  other  cattle  were  found 
t»  t>e  tiilK^rt-'iilniiH ;  2.78  jK'r  CMit.  of  swiiie,  0.2  [h-J-  «-j»I.  ul'  wiIvi'k,  tuiil 
8  i*lntci>  out  of  49..55(l. 

Out  of  over  Si'KH)  beeves  ofAmeru^n  origin  liuidi*),  ^  la  ugliu-n.il, 
iLiiil  exiitiiiniil  lit  Muinliiir)^,  t  ui-iv  fonnii  to  Ik-  tiilicrvuloU)^  while  of 
tile  xjiuie  uuuiIkt  of  native  unmuil^,  040,  or  ItJO  tinier  as  maoy,  were 
tbuiiil  to  Ih'  uillietcd  with  tlu-  dbxai^c.  At  thiit  ticiiv  the  (iumiiiti  pirtm 
iiiui  bwti  currying  on  one  of  it*  periodical  agitations  a^iQf^t  the  impor- 
tation of  Americaii  bwf  cattle  on  account  of  the  dangers  tii  which 
native  brwdw  were  iheieby  Mibjcrtol. 

In  tireiit  Dritain,  .10  pc-r  oeiil,  nf  the  eiiwfl  are  <:-:*tiniated  h_v  Maiv 
Faydcaa  to  \n'.  tulKTculiitiH,  In  lidfrium,  of  20,>*iJ0  aiiimali^  tested 
with  tuljewulin  in  181'lJ,  4K,S><  per  cent,  reactwl.  In  IVnmnrk,  of 
fi7,2fi.'l  ihit"  U'stiil,  .'i2.S0  |n  r  iscnt.  iiiu-li-d.  In  Mojtioii,  nlwut  H  lliipd 
of  thu  bwvet-  phiiijrlitoi'ed  :uo  [itIktcuIous, 

In  this  oomiln,-,  wliih-  tlii^  jH'itvutap-  of  affVi-liil  uniniaU  is  low,  it  U 
bvlit'Vtil  to  be  on  the  increase,  both  with  rattle  and  *winc.  lu  the 
State  of  New  York,  it  is  mid  liy  veterinarians  that,  in  some  districts  in 
whii'Ii  thf  herds  an-  nniinlv  "f  the  hiinlv  pnide.»  of  the  Ayrshire,  Hol- 
stein,  and  Short-horn  faniilit^,  about  I  per  cent,  of  the  cows,  and  in 
otliers  whore  .JiTsi'j-rt  and  (JncniMcys  an-  mort-  conniion,  alxiiit  2  (o  3 
per  cent,  are  tiibercidous.  In  MsissjichuBetts,  those  in  a  position  to  be 
best  informed  state  that,  ainoiijj:  cows,  the  discaise  i.'*  niiioh  more  frvigiient 
than  in  New  Yorh,  hut  that  it  i«  niri'lv  Hi  be  found  in  Hilvt'?^  j^tt-crs, 
and  oxen.  In  Pennsylvania,  thn  State  veterinarian  I)elieves  that  not 
over  2  per  cent,  of  all  cattle  are  tuWreidous.  At  the  hirj^  abultoiri)  of 
this  conntiy,  alumt  1  in  2,(H)0  cattle  is  found  to  be  tuberculous.  Dur- 
ing tlw  two  y<«r.  eiidiil.liinc  SO.  ISSSI,  S,fl.'!l,!)27  ^itllcwcre  ini<|H'ct«I 
by  the  Fedciiil  ioillniritie«i,  and  '!,<'>1h,  or  1  in  I,2o!),  were  condemned 
on  account  of  tnheivnWis.  Durinjr  IHOO,  of  4,8fil,lGfi  insiKvtixl, 
5,27it,  or  1  in  021,  weix-  oondemntd,  Of  23,336,884  hog*  ins|«cct«i, 
6,440,  or  1  in  4,2!H)  wore  ^nufticienlly  affected  to  warrant  condemnation 
of  at  Iwi^t  a  [Mirt.  of  the  enniiKM. 

The  orgjins  involved  most  fre(|ucntly  in  tubei-cidosfe  of  anii^ialn  are 
lh«  liver,  hiiup,  kidneys,  briiin,  and  nddor.  The  niuschs  aic  iillli-it-d 
vvry-  nircly.  although  the  bacilli  have  been  found  hi  the  cxprowetl  Juice. 

At  what  stage  of  the  disease  meat  tHvomea  niiiit  for  food,  is  a  quei*- 
tion  over  which  there  is  much  c-ontroversy.  l-'xlreinists  on  the  one 
side  believe  in  condemning  the  entire  carcass  on  the  slightest  cvi<ience 
of  di.-H^u^'  in  any  jiart  theri-of,  Mliilc  rho.«i-  on  ihc  other  Mde  maintain 
that  the  entire  animal  may  be  ukJ  ns  food  without  iiijtirA'.  In  Bn^ 
land,  the  practice  i.-*  to  condenm  any  HU-eiL-ts  in  which  the  disease 
bii*  nnnle  such  extensive  pnigrcjw  tlint  the  (lesli  hji-<  beeonic  dete- 
riorated. TIte  Roval  Commisjiion  on  Tuhei-culosls '  concluded  that 
nii«l  from  InlH-n-uKius  animals  may  \«'-  consuniitl  with  impunity,  if 
sufficient  discrimination  and  nire  tiiv  exercised  in  slaughtering  and 
dressing.  Every  i>art  containing  tubercles  should  be  iianoved  and 
'The  ^'<!lcrillar7  Joiimii]  uid  AruuUs  ut  (.vrnpomlivc  ratlioIoBj,  Jan«,  lUSi. 
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destroyed,    and   the   whole    carcass   itself    in    advanced    or    general 
toberculoeis. 

The  French  law  excludes  carcasses  with  generalized  tuberculosis  and 
Ikee  in  which  local  lesions  have  involved  the  greater  part  of  an  organ. 
'Rie  same  is  true  in  Austria.  In  Pnissia,  the  meat  is  held  to  be  unfit 
for  food  if  the  animal  has  b^un  to  show  emaciatioD,  but  is  passed  as 
fit  for  humnQ  consumption  if  the  disease  occurs  in  only  one  organ,  and 
b  general,  if  the  animal  is  well  nourished.  In  Belgium,  the  law  of 
September  ^30,  1895,  permits  the  sale  of  meat  of  tuberculous  animals 
ifler  sterilization. 

Meat  from  tuberculous  cattle  is  infective  to  other  animals  in  very 
I'ariable  degrees.  As  a  rule,  the  more  advanced  the  disease,  the  more 
likely  is  the  meat  to  be  infective.  Experiment  has  demonstrated  that 
infection  depends  to  a  not  inconsiderable  est«nt  upon  contamination  of 
ll»  meat,  in  the  process  of  dressing,  by  the  hands,  knives,  or  cloths, 
»liich  tiave  been  in  contact  with  tuberculous  matter. 

Although  lesions  in  the  muscular  tissue  itself  are  not  at  all  common, 
positive  results  have  repeatedly  been  obbiined  in  exi>eriments  in  which 
the  expressed  juice  of  the  metit  has  been  injected  into  susceptible 
inimalji.  Thus,  Kostner  obtained  9  positive  results  in  1 1  injections  of 
flie  juice  of  the  meat  of  7  tuberculous  animals,  and  Steinheil  transmitted 
the  disease  to  guinea-pigs  by  means  of  juice  from  meat  apparently 
Bound.  Arloing  inoculated  the  muscle  juice  of  1 0  tul>erculous  cows  into 
gainea-pigs  and  demonstrated  that  that  from  2  of  the  animals  was  infec- 
ti^'e.  Nocard  produced  the  disease  with  the  muscle  juice  of  but  1  of 
2t  tnherculoua  cows  with  which  he  experimented.  All  of  these  cows 
had  been  condemned  at  the  abattoir  on  account  of  extensive  lesions. 
Woodhead,  Galtier,  Humbert,  and  others  have  met  with  varying  degrees 
of  success  in  similar  experiments. 

That  tuberculosis  can  be  transmitted  to  animals  by  feeding  them  on 
tuberculous  material  has  been  abundantly  proved,  but  the  lesions  pro- 
duced almast  never  involve  the  muscular  apparatus,  and  many  of  the 
aibjects  escape  infection  altc^ther.     It  was  reported,  for  example,  by 
Thomassen,  at  the  Tuberculosis  Congress  at  Paris,  that  of  10  young 
pi^,  each  of  which  was  made  to  eat  4.5  kilos  of  meat  from  animals 
with  advanced  general  tuberculosis,  but  2  were  aEFected,  and  their  por- 
tiima  had  contained  a  quantity  of  splintere<I  bone,     Raveuel '  lias  held 
i"t  a  long  time  that  food  tubercrilosis  may  appear  first  in  the  lungs  and 
cenical  gbnds,  and  cites  the  case  of  2  cows  which,  fed  on  tuberculous 
naterial,  developed  extensive  disease  of  the  lungs  and  lesions  nowhere 
else.     As  stated  by  Dr.  D.  E.  Salmon,*  Woodhciid,  St.  Clair  Thom|>- 
^D,  and  Lord  Lister  have  f^hown  "thai  infei^tioii  through  the  mcdinni 
of  the  food  may  not  necessarily  be  iicconi[Kinie<l   by  disease  of  the  in- 
testines.     The  organs  fir^t  attacked  after  tmling  on  tuliCRular  miiloHiil 
may  !>e  the  mesenteric  glands  nn<l   liver,  or  even  the  brouchial  and 
mediastinal  glands  and  the  lungs." 

>  Philadelphia  Medical  Journal,  August  14,  1901,  p.  28-1. 

'  BulletiD  I<o.  33,  Bureau  o(  Animal  Industry,  WaHbingtoii,  1901. 
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As  is  well  known,  the  hnflWrn^  "f  hiimnn  tiihcrciilo«is  U  filial  to  nuinv 
»f  the  lower  iininuil>,  bul,  ii*  waf  fmiiitfil  nut  by  Pn>fw-y"ir  TlK-iikild 
Smitli  several  veatv.  before  Kiwh  advain^ttl  tlie  ^tat*'im:nl  a.-»  uripiml 
with  liinisfll'  iit  lln-  TiilK-rr-iiliwic  Oiiinn-st  al  [»i)([uu  in  IftOl,  it  faik 
to  find  ill  the  iMivinc  liiuly  the  tx>U(Iitioii)^  neces<<irv  In  ili^  mtillijilitalina. 
Till- re  nn-,  it  i^  Inic,  inntiiiu^v  which  nlniw  lliiit  ii  iimv  jxhvw*!  in  pn»* 
iliK'irij;  exteiif'ivc  Iiviuiu  in  the  bovine  Bubject,  but  there  are,  on  tbe  ' 
other  hand,  nnmeroiih  ex]K-riuii^utfl  nvonKil  which  hiivc  yicUlrtl  nt^- 
tivc  itwilifi.  ll  IK  Kiid  tliiil,  Ix-fore  the  di'^i'vcry  of  the  sjitcific  nrgiin- 
ism  of  the  tlise:i.se,  Bollinger  snw(»Hlwt  in  prtHliicin^  tnlwreiilosin  in  a 
nitl'  with  hiiiniin  litlK-ri'iiloii^  prixliicl^.  The  exjiorimciitt'  of  Sheriduii 
Dek'piuf  '  Were  ei|HMll_v  t-uceeTstiil,  To  one  of  two  calves,  he  gave  50 
c.c.  of  mixiil  .-initimi  with  iti>  fixid.  In  'ZH  duv>  it  dit.'d.  No  evident^ 
of  tiibeix-ulosi'"  wa*  toiiud  in  iiiiy  oi-gan  esm>l  the  gland"  I'onucctni 
with  the  alimeiitarv  canal,  and  thew  yicldwl  viriilciil  l>acilli.  The 
other  fiilf  wHi*  inocuhiteil  in  the  |jintoiieal  cjivilv,  and  US  diivs  atler- 
ward  gyve  a  lulK'reulin  reaetimi.  St-clion  .--howed  marked  tiiberculo-is 
of  the  jicritoneiiin,  r-xtt'iiding  In  the  plcnra  and  {H-m-anhnni.  With  tltc 
exwptioii  of  u  few  lymph  nodes  eonnei;ted  with  the  pctitoiioum,  no 
Other  oi^ns  were  affwlcd.  Sflhnoii  ciles  suwtswfnl  cxjMTimentu  liy 
Chanvwin  and  Martin.  The  former  fed  emnUions  made  fmni  tuber* 
enloiii'  human  liinpi  to  two  heifei^  and  a  bull,  ull  under  one  year  old, 
Mich  rweivinji  but  two  doscji.  All  tlirce  beeiina'  extriwiv<-lv  infecUnl. 
Martin  fed  >^piitum  to  U  calveis  '2  of  which  remained  healthy  ;  the 
vtherM  showed  tiitien;idar  nodnh-."  in  the  iiiiistincs. 

In  view  of  the?*  •iiict-es.'iful  ex[H>rimentc  an<l  of  the  nianv  negative 
rttHiilk<.  it  would  be,  u>  Sidnum  !>tale-s  not  cnlin-ly  eorrci'l  lo  bmv  tliat 
hitman  tubcreuWis  \a  not  eonimniiieabte  to  rattle,  but  tliat  it  is  oum- 
miinii-nteil  only  with  diftieiitiy. 

Whether  the  Iwvine  baeilliiK,  by  rtiison  of  it*  bibber  puthogvnic 
[lower,  may  ptu^n  to  the  human  rubjeot  U,  aeeordiiig  to  Smith,'  a  qiiee- 
tion  eonecniinK  whieh  we  have,  «■«  yet,  no  defiiut<^'  knowli'dge.  He  has 
demonHtnite<l  that  the  bovine  and  human  bacilli  pa'setit  fairly  pn>- 
notinoed  differcncft*  In  >ev<Tid  rewiK-et.-,  but  eoncedm  thai,  from  cbiiical 
evidence  at  hand,  it  ap|>eai>^  powible  tbiU  bovine  Inlwn  iilofis  may  be 
transmitted  to  children  wIkii  very  laiye  nunilx-iv  of  bacilli  are  taken 
into  the  «y*teni  in  milk  of  e^>w»  with  tubercular  Uihli-r.".  Kavcnel* 
believer  tliat,  from  the  evidence  at  hand,  the  bovine  Imeillui^  hju'  n  high 
degn-e  of  )Nith<ifri'iiic  power  for  mnn,  es|M'i'ially  in  the  earlier  years  of 
life.  He  ha."  r«v>r<lf<l '  .'i  uuwt-  of  local  infection  fn)m  iiontids  in 
the  tingi'r.  aeipiinil  in  p<Tfornun)i  autopsies  on  tulwreulous  auimaln. 
Dr.  L.  I'feider'^  recortl*  the  (^M>e  of  a  veterinarian  who  wtmndoil  him- 
wlf  in  the  left  thumb  while  |>erforming  an  autopsy  on  a  tubcrcnloua 
vow.     The  vrotind  heiiUil  wiihonl  pus  tin-mation.     In  the  course  of  (> 

>  Itriiith  Mnllnil  J>.<imii1,  Ot.  ■Id.  19(11. 

'  Ji)iinuil  uf  KvprniiK-ritijI  Unliciiio.  Vut.  3,  Kus.  4  mid  9. 

'  Uiiim.  Aiisu-i  IT.  IWH. 

'  riiilnil.-]iiliiA  M.-iViml  JoiirnnJ.  July  21,  1900. 

•zciiwiirin  fiir  Ji<(!ipcw.  in.  (]»H*i,  (..  aw. 
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noDths  a  aodule  appeared  in  the  scar,  aud  later,  evidence  of  involve- 
Knt  of  the  lungs.  A  year  and  a  half  uftor  the  accident,  he  died  of 
^thieis,  and  the  joint  was  found  to  be  extensively  tubercular. 

CoDceming  the  possibility  of  transniiasiou  of  tuberculosis  by  eating 
tbemeat  of  diseased  animals,  there  is  practically  no  evidence  of  value, 
IhiI  whatever  danger  there  is,  if  any  at  all,  ia  disposed  of  by  thorough 
(ooking,  since  thereby  the  bacillus  ia  quickly  killed.  Since  raw  meat 
\i  frequently  used  as  food,  particularly  in  some  diseased  conditions,  it 
is  Ijesl,  in  order  to  be  on  the  safe  side,  to  see  that  meat  so  used  shall 
be  free  from  infective  properties. 

Calves  horn  of  tuberculous  cows  are  generally  free  from  the  dis- 
eue,  and  when  not  so,  the  mother  has,  in  almost  all  cases,  tubercular 
mdoraetritLS.  MacFaytlean  reported  a  case  of  congenital  tuberculosis 
before  the  Pathological  Society  of  London,  in  May,  1899,  in  which  the 
ledons  were  of  the  spleen,  liver,  and  kidneys,  with  slight  involvement 
of  the  lungs  and  almost  universal  invasion  of  the  lymphatic  glands. 
Of  3  other  cases  which  had  come  under  his  observation  since  1897, 
in  one  the  cow  had  tuberculosis  of  the  uterus,  in  another  the  disease 
wa*  limited  to  the  lungs,  and  in  the  third  no  inforraatiou  as  to  the 
WDiiition  of  the  mother  was  obtainable.  In  the  case  of  a  cow  with 
tubercular  lesions  iu  the  lungs,  liver,  spleen,  and  udder,  reported  by 
Schroeder,'  small  tubercles  were  found  in  the  portal,  mediastinal,  and 
bMDcbial  glands  and  in  the  spleen  of  the  fcetus.  Kavenel '  records  that 
a  cow  with  advanced  tuberculosis  gave  birth  at  seven  months  to  u  dead 
c^f  which  showed  no  marked  evidence  of  the  disease,  except  that  in 
ibe  liver  there  were  two  white  nodules  alwut  -^  inch  in  diameter, 
b  which  virulent  bacilli  were  demonstrated.  Ijater,  when  the  cow 
m  aatopsied,  the  uterus  was  found  to  be  free  from  tubercular 
changes,  and  the  disease  was  found  to  be  limited  to  the  lungs  and 
nesenteric  glands. 

FLsh  are  regarded  commonly  as  incapable  of  becoming  infected  with 
tuberculosis,  but  one  instance  has  been  recorded  in  which  the  contrary 
wa  proved  to  be  the  case.  Drs.  Dubar,  Bataillon,  and  Terre  commti- 
nicated  to  the  French  Academy  of  Medicine  the  details  of  this  case, 
which  are  as  follows :  The  sputa  and  discharges  of  a  woman  suffering 
from  advanced  tuberculosis  of  the  lung  and  of  the  intestines  were 
r^ularly  thrown  into  a  pond,  in  which  were  large  numbers  of  carp. 
After  a  time,  many  of  the  fish  were  found  to  be  dead,  and,  on  exam- 
ination, their  livers  and  other  organs  were  found  to  be  full  of  tubercle 
bacilli.  Healthy  fish,  fed  experimentally  on  this  and  similar  materiiil, 
became  tuberculous  within  a  few  weeks,  but  the  infected  fish  were 
proved  to  be  quite  devoid  of  power  to  infect  warm-blooded  animals, 
»ih1,  therefore,  it  appears  that  there  aui  be  little  danger  from  the  ciiii- 
•omption  of  tuberculous  fish.  A  similar  experiment  conducted  Ijy 
Honoano  and  Moi^nroth'  gave  negative  results.     They  fed  tubcr- 

'  ZeilKbrift  fur  Fleiwh-  und  Milrh-hTRiene,  IflOO,  p.  79. 

'  ProceMlinss  of  the  Pathological  Sucieiy  of  Philadelpbia,  18!)9. 

■  Hrgieuiacbe  Rumtochsu,  1809,  p.  857. 
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«Tiiloii!<  sputum  tn  g(i1<lfi.4ti,  which  aUt  it  eftg«r1y  and  Rir  wwks  dimiiuitol 
living  ttibcri'l?  bai^ilU  in  their  feces,  but  they  thenuelves  ranaiiKd  pcr- 

f.'i-llv  llt'IlllllV. 

TIr-  (laiij^T  from  other  anioiiil  diseases  will  be  considerod  uDder  moil 
)>oL-«)ning. 

Typhoid  Fever  aod  Cholera. — Vot»ii*  of  nil  kiud  uiay  Iw  mad«  th« 
iH-iiit'rH  111"  intti'tiini  to  man,  lliinij;h  thenwelves  iu  jpiod  cuudiiiou.  I^r- 
liriilurly  is  till"  iiol ii-wilili-  willi  rt';rJini  to  ov-Utm,  whicli  have  tnuny 
times  oonveywl    thi'  i-pwilic  Mr^iiir-tiis  of  typhoid  fever  and  cholera. 

Ill  IS80,  Sir  ('liiirli'.->  ('anu^niii '   hi-()ii);liL  In  thi'  tttli-iilinii  of  i[iv  pro- 
fi'jwioti.  that  oysters,  tmn^plaiitLtl  from  the  (.tiiist  of  the  Countj- of  Wex- 
ford to  thf  nurthcra  ."horc  of  Ihibliii  Hny,  had   for  wonn>  y<«rft  \yfttt 
tniic'li  Riibjwt  10  diwiiisc  Jinil  Imii  diiil  in  lnrp'  niimben',     Sjiwimcns 
wliit'h  were  examiiuHl  were  timnd  to  etjutaiii  sewace  niattei-s,  nod  invet?i 
ti^itiuu  «bi)wt-d  riiiit  llif  W-iU  •'wi-re  litcnilly  baihtd  in  scwJigv."     H« 
oft'ored  the  Biiiijfertion  tliat  raw  oysters,  taken  from  the  shore  close  to 
wwiT  oiilli-ts,  wiTc,  pcrhapi',  riJ"  likely  to  in'I   as  tin-  v^■hil■lo  of  Ivpliiad 
fever  aikl  other  diseases  tis  eont:in)iiiate<l  water  or  milk,  and  mlvised 
thai  "ovnter  IhiU  .ihoiilil  not  be  hiid  down  al  any  j>oint  on  or  eh  we 
1')  the  mouth  of  a  sewer."      But  tlie  warning  iipiieiir*  to  hiive  exeitcd  _ 
no  more  tliaii  a   langiii<l   interei<t  until    1 8!i:i,  when   the  lat«  Sir   \i.  I 
Tliorne-Tliiinie,   in    a  ri'|Mirt  Ui  the  I-ocsil  (lovenniieiit  Board,  Mutetl 
his  iH'licf  ibat   the  spf>radi('  eases  of  eholera  whieh   had  orcunied  at 
vnrioiM   inlniid  pbuitt  in  Kii^fland  in  tlial  vear  were  due  to  ov»ter^  nnd 
other  shellfish  fitmi  sewajje-eoiitaniiiiated  water  at  Grimsby,  where  there  _ 
had  hccn  n  nniull  itntbri'iik  of  the  dii^easo.  fl 

111  the  f<illowing  year  oet-mred  the  well-known  oiilbrealc  of  tjphoid 
fever  at  Wcclevnii  University,  wbieh  was  .■•o  ably  and  conehisively 
trat^^l  hy  Professor  Conn  '  of  that  institution  to  polluted  oysters.  On 
O'tolxr  20,  18fl4.  iwveral  of  ibe  nliidents  were  reported  as  slightlv 
ill,  with  a  moderate  depw  of  fever.  Tlic  nniiiber  of  oiscJi  grew 
from  <lay  to  (biy,  aixl  sliorlly  iiichided  several  of  undoubted  typhoid 
fever.  By  November  Iwt,  ibere  "cn-  2(1  etu^^s  of  tJic  dismw,  whieh 
number  was  -.hortly  further  inereased  to  23.  All  of  the  victims  werei 
men  ;  there  wh>  no  illiK-<-<  nmoiig  the  TjS  women  sliidenfK.  InveMi- 
^tioD  completely  absolveil  the  water  supply,  the  petieral  and  [lar- 
ticidar  tiwul  !>upptie.t  of  the  various  buawlin;,'  places,  and  the  hwal 
conditions  of  the  dorniitorie*  and  outride  loci};inp<  "f  all  Mi^pieion  of 
blame.  It  apjM-nrrtl  that  nearly  all  of  the  victims  were  memlwrs  of 
tlirec  of  the  seven  oolli^'  fnitrrniticj'.  The  eonibiiied  m('mlH-iv>hi[>  of 
the  three  was  about  one  hundred.  On  October  l'2th,  etf:ht  days  before 
the  dcvelojiiiii-nt  of  tlie  fir^t  -ymplom^v.  all  seven  fraternities  had  had 
their  initiation  ceremonies  and  had  celebrated  in  the  usual  way  with  ii 
(•upper.  Inve-'<lit!ation  of  the  ori^nn  of  the  comptments  of  the  sup]iers 
showal  tliat  there  wsi-s  but  one  di«h  fnmi  a  common  "source,  and  that 
was  oysters.     The  thr«'  afflicted  societies  and  one  other  had  obtained 

'  BrliiA  Mrrtiml  Joiirnnl.  ScptrniWr  18,  1S80,  |i.  4TI. 
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^H  lkirwi)t«n  frnro  a  litml  cWler;  of  tlit-  rcniaiiiiiit:  tlircc,  two  lind  biMi 
^H  uovrtefv,  »n<)  tho  Uiinl  liiul  liiiil  soinv  f'nxu  :■  dtakT  b  Harltbtx].  Of 
^^L||Mtf  Mippliei]  by  the  local  dealer,  one  )iatl  <^tt-it  the  ny:<t<-n<  (■■xiliitl, 

^^HH9r'''*^^"''*^''^'''P  ^^'"^  ""'  <"^">'1<-'''-  Till!"  till'  Iruiilik-  w}i»  »itU-(i 
^H(H<ni  to  liif  raw  oyi-t<?rs  from  tho  li>cal  tk'sili'-r.  But  there-  was  one 
^H  victim  who  n'.v^  ii  iioii-ruwii-ty  tiiHii,  mid,  di'iii'ly,  \w  ctiKc  <iiiiM  n'll  \k 
^B  Mwd  u»  the  mitialion  aipper.  Iiivc«tipitmn  of  his  dietetic  liistm-y 
^V  eoMwIu-cl  the  piiill  of  tlie  looal  oyster  supply  even  more  s^-eiirely,  for 
^M  't  Dv  ^honm  tlmt  he  hiul  »iU-n  mw  oy)<tvr»  from  the  tstne  lot  iit  tho 
^1  .4i>p'iil'  tltt-  dealer.  It  wa.»  Wniod,  t'Ki,  that  '>  men  from  Yale  liad 
^1  iillin'lnl  ihc  exen-ii«_^  of  ttie  ^.ii-ii'lic-<  in  whieli  (lie  oulbr«ik  oceiirTViI, 
H  ami  iiuiuiry  developed  the  inlbmiation  that  2  of  tlie  5  wei-e  seizi-d  with 
^M  iT])hi)iil  fe\-er  some  weekn  nlU-r  ilicir  n-runi  to  Xew  Hiivt-n.  Kiirrln-c 
^K  iiive^ii^iiou  revealed  the  fnet  th:it  the  incriminated  oyi-terR  hud  Ixvn 
^M  bruii^it  fn>ni  :i  h(il  tii  liniifr  Ulitiiil  Soiind,  nnd,  on  OcIoIht  lOlli,  (wo 
^m  ihn  before  use,  Imd  been  store«l  in  a  )xtl  at  liie  mouth  of  the  Qiiin- 
W  ni|Hac  River,  a  ^hort  diAluiice  (rJO()  feet)  from  the  outlet  of  a  pri\'ate 
I  drain  fn)ni  u  dwcllin)?.  in  which  2  ]>crif(init  liiy  ill  with  <y|>hoii)  fever. 
I  Shortly  al>er  liie  puhlii^alion  of  this  ease,  Sir  WilliMm   Ilroiidhent' 

I       piMidied  lh«  fuels  of  a  nnmlier  of  eawK  "f    fever,    se«ii   by   him    in 
L^  OUHlllatioii,  which  apix-ared  to  be  connected  witli  tlie  iugeti^tion  of  raw 
^B  *^fta»,  altliouf^h  no  niMolntc  proof  wny  a<ldiieiHl.     The»e  inehide<l  rhc 
^V  Mkwin^ :  (1)  A  yomig  woman  who,  durin);  cnn\iilcficeiice  from  child- 
V  birtb  in  a  sanitarily  |M-r1ii't  hous*-,  hi  whieh  no  other  innialc  was  sieU 
f^    ia  any  way,  had  eaten  raw  oysters.     Ten  days  aftenvard,  she  eanie 
down  willi  typhoid  feviT  of  an  nnnnnally  severe  t)'|>*'>  fron>  whieli  i^itic 
(lid  not  mxivcr.     All  tlie  water  and  milk  which  »he  Lad  taken  had 
been   boiled.     (2)  Two  ymin^  men,   inmates  of  the  siime  lioiiw,   in 
which  there  wiw  no  other  siiekncwi,      B>)th  the  hon^e  and  the  place  of 
buaiiieaa  where  they  wei-e  employed  were  in  fp^ioil  .<initan'  condition. 

tTI«y  were  Mswtl^  mimnlUiniHiuKly,  with  typhoid  fever  uf  on  unnsnully 
^ere  form,  for  which  there  was  no  npi>arent  cjmse,  eseept  that,  ten 
Jays  liefore  tlie  apjiearaiH*  of  symptoms,  tiny  ale  iin  oysU-r  snpper 
fcoKctlier,     Both  cai^es  terminated  fatally.     (.'!)  A  yoim;;  woman,  who, 
ten   to  fourteen  days  before,  had  on  two  oei^sions  I'nten  a  half-tlu/en 
^^fy»1er»  with  n  e*infln  of  the  «»nie  age.    She  had  a  miM  attack  of  the  di»- 
^Bkw,  as  did  also  her  cousin,  wlto,  in  the  meantime,  had  gone  to  Italy, 
^Biberv  she,  too,  was  seized.     (4)   A   man  iiikI  wife,  who  weri'  seized 
^P^lh  the  di»Miw  at  the  s:ime  time  in  a  house  which  was  Ntnitarily  per- 
fect.     No  possible  eanw  was  u])i);ircnt  other  ihitn  th;it,  '2  we>'ks  Iwfoi-e, 
^_|iic}-  had  imhilRcd  in  oysierv.     (o)  A  yomig  man,  who  hud  V-cn  i^tek 
Hfcr  A  weeks  with  inlluenza  and  bronohial  eatari'b.     (Te  had  partaken 
^nmvly  'if  ovuter*,  nod  lisul  dt-veloficd  tvphoid  fever.      No  other  person 
in   the   boui^hold,  whieh  was  a   targe  one,  had  any  ^icknes-.      (I>)   A 
der^rman  un<l  hi^  daughter,  liviii;;  in  ii  nirul  <ii;>iriei  when'  typhoid 
fever  was  unknown.     The  sanitary  condition  of  the  premii^cs  wac  [kt- 
fed,  and    no   other   n)eml)er   of  the   household  wax   nick.     Inquiry 
I  Britiib  Mrdkal  Joiirna],  Jan.  13,  189&,  p.  61. 
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shovrod  that,  about  2  weeks  b<?lure,  thcv  Itad  Iwicci  luul  oyNteFS  frooi 
London,  iind  that  ihoy  alone  hail  itiieii  iheni. 

Shortly  aflvr  tlip  rffwrt  of  Bnwilhinit'*  wisps,  N.  J.  J(ijin»oQ-I>avi«  ' 
related  <.'ortaiD  tn<7ts  uhich  he  had  iiutical  while  hi  practice  at  Napli':^ 
in  1870.  (lustni-iiitt-.stiiiiil  clltonlci':'  wen-  i.-vim-i -billy  iiivvali-iii  nmim^ 
fitinngvrK,  vanning  iu  intpnisity  from  evidence  uf  euujile  irritiiiion  to  tlw 
niiwt  !<ove-r(!  fomip  of  tyjihoid  lever.  \\"licncv<'r  he  and  iiii<  wifi*  ftt«  m 
oyKtcfs,  they  wifrertHl  fiiiin  iiilk',  diarrlitca,  and  tene<:niu<T.  Ga"in>-  I 
intestinal  ftyn»])Hinw  in  hi."  [KitientB  very  (tiniinoiily  followtil  ititini:  raw 
oysli'i-!*.  Tlnwc  niM.*  iticUidiil  i-lininii:-  f^ij^tni-intvii'tinal  iliMurtiaiicw, 
very  stubhoni  in  chann-tfr.  aud  typhoid  tcver,  often  of  a  very  ssevere  ■ 
tyjM'.  He  notiet^l,  Um,  lliat  thoufih  no  sipknww  wn*  ctiiined  by  etitiiig 
oysters  at  the  spvcnil  pliuci^  ;iIon^'  the  Italian  coasl  fnfin  which  tlie 
Napli-fl  Mjpply  WH^  obtainwl,  when  tln'V  wen-  bn)iit;lit  to  Najiles  and 
kept  for  wiiks  mid  Miriicliiiies  tnontli!'  in  the  harbor  iu  a  bed  Ic**  than 
(iO  feet  removed  from  the  outlet  of  one  of  the  main  seweis,  their 
use  wiin  by  no  mums  iiniuteiideit  bv  riiik.  At  tliii^  plnir,  individual 
dciilei-s  Hlorc<l  their  oyster?;  in  biijiketf,  whieh  were  ])ulled  up  through 
tlit-  tiltliv  watur  us  ih-i'iimhh  di'inaiKli.<d.  .Sum-  i)f  the  ny^ti-rs  were 
euuiiiiKtI.  They  yielded  e\idenLe  of  jiewage  iu  the  wntcr  Ix-tween 
their  wlie-lls, 

Arthur  New«holmtv  Mf<lieal  Officer  of  Brighton,  Kiightnd,  nv 
piirttti  that,  during  l(tl)4,  8;{  iiifees  were  returned  to  him  a«  typtioid 
fever.  ]n  h"i  iiiMarn'irn,  the  ori^iti:il  diiifrmtHi*  was  found  to  In-  inir>r- 
reet,  ancl  an  ifpial  uuiulKr  were  found  to  be  imported  eaws.  lie  in- 
vestiftiilwl  the  pnibable  eauiH^a  of  tlic  remaining  ■%Z  atfvg,  and  decidMl 
tlint  no  U-fis  than  1  '<  were  due  to  oysters,  and  li  to  other  eoutaminated 
8helhi»h  (eliimx,  eoekles,  and  miiwM.-l.-t),  In  olher  w'oril>,  -W  |M-r  i-ent.  of 
the  gemiiiie  cawt*  of  ty]>hiiid  fever  wei-e  due  to  these  article.*  of  food. 
In  a  later  i-ommuniiaition,'  after  a  tlioiiiiifrh  i-\ainiiiatioti  of  the  canted 
oceurriug  during  a  ]H-riod  of  four  ycttre,  he  n-j>ort(-<l  the  ]Kn'entiip-fi  of 
eaiww  prribablv  due  to  oysters  and  miisseJs  as  follows :  In  1894,  38.2  ; 
183-1,33.1);   1896.31.8;   I8il7,  30.7. 

Cliantemesw '  relates  the  following  case  :  There  had  1»«'U  no  ease 
of  typhoid  fever  in  the  villiigi-  of  I'Heranlt  Saint  Andr6  de  San- 
fconis  for  alwut  a  year,  when,  on  February  I'ltli,  a  *ho|ikw|M>r  retvivwl 
'a  eonsignment  of  oysters  trom  Cette.  The  entiiv  lot  was  consumed  by 
1)  perMHi.-",  ail  of  xvliom  were  nmde  fiek.  In  the  'i  dwellings  in 
whieh  the  vietinL-  lived,  no  other  inmates  were  sick  in  any  way.  Eight 
of  the  ntiiTilH-i-  wciv  made  oiilv  nliglillv  ill,  the  symptoms,  whieh  in- 
cluded abdominal  |>ain,  vomiting,  tharrhtpa,  borlior\-gmu)<,  unorcxia, 
and  general  malaise,  lasting  but  2  or  -i  days.  The  4  youngest,  who 
«t«  bnt  a  few,  wen-  vei^  sick  for  a  much  longer  time  (15  to  2't  diiys), 
but  recovered.  The  stools  wen-  very  offensive,  weii-  jMissed  with  |Hiiu, 
aud  were  dysenli-rie  in  np|K«iraHi'i-;  llu-n-  was  lynip;inite»  with  teiider- 

'  Brili*li  Muliml  Jounml,  Mnrcli  0,  1886,  p.  .Wfl. 

'  n.i.fmi,  .IrliiB  S,  ISHS,  |..  rjS.V 
m  •  I'uMk-  llrfilrli.  Seplt-rntvr.  lK!tS. 

■  *  Bulletin  de  l'Aiii<l«>nilc  dc  Mi^crinc,  Ii!!N!,  3.V^  p.  668. 


I 

I 
I 


TBASSXtSSION  OF  DISEASE  BY  MEAT  AND  FISH.  51 

nese  and  gurgling.  All  4  were  greatly  prostrated.  The  remaiDing  2, 
&  wotnuu  of  twenty  and  a  man  of  twenty-one,  developed  very  severe 
cases  of  typhoid  fever.     The  woman  diLtl. 

To  satisfy  himself  as  to  the  probability  of  oyster  infection,  Chante- 

moise    secured    s{tecimens   from    Mcverul    sonreas   (Marenne,    Ostend, 

Portugal,  etc.)  and  made  bacteriological  e\amination:^.     They  yielded 

an  abundance  of  bacteria,  and  many  were  found  to  contain  B.  colt  (■om- 

minu.     He  placed  some  of  them  in  water  intentionally  infected  with 

typhoid  stools  and  cultures,  iiud  after  24  hours,  removed  them  and  kej)t 

tbem  another  like  period  before  .subjecting  them  to  bacteriological  ttvt. 

Tb^-  yielded  the  typhoid   organisms  and  B.  coli  caiitmiiiiiti  in   great 

numbers, 

Mosny,'  to  whom  the  French  authorities  referred  the  whole  subject 

of  miillusk  poisoning  for  investigation,  hasreporte<l  that  5  members  of  a 

fiunily  of  7,  living  in  a  village  in  a  suburb  of  Paris,  in  which  tliere 

had  l)een  no  ca.sc  of  typhoid  fever  in  4  yoans,  were  made  sick  after 

eating  oysters  sent  to  them   from   C'ette.     Four  were  seized  in   the 

wening  of  the  following  day  with  gastro-intestinal  disturbance,  which 

lasted  24  honr^.     On  the  eighteenth  day,  a  youth  of  17  years  do\'el- 

<*p«l  unmistakable  symptoms  of  tj'phoid  fever,  of  whicli,  9  <lays  later, 

he  died.    In  March,  1897,  Chatin'  rejiortod  the  case  of  a  family,  of 

which  several  members  were  stricken  with  typhoid  fever  after  eating 

oyrters  from  a  bed  which  was  contaminated  by  sewage. 

In  1889,  De  Giaxa*  made  a  series  of  investigations  of  the  influence 
*>f  sea  water  on  patbi^nic  bacteria,  and  found  the  following  conditions 
to  be  favorable  to  growth  and  multiplication  of  micro-organisms  in 
harbor  water :  Shallowness,  stagnation  and  high  temperature  of  siir- 
fece  water,  abundance  of  vc^tation,  and  admixture  of  sewi^  rich  in 
organic  matter.  Certain  path<^nic  forms  were  found  to  succumb  very 
quickly  to  the  influence  of  the  ordinary  specief  of  water  bacteria  and 
others  to  be  &r  less  HUsceptible.  Some  were  foimd  to  thrive  well  in 
sterilized  sea  water  and  to  retain  virulence  for  many  days. 

It  was  shown  hy  Foote,*  after  the  outbreak  at  Wesleyan  University, 
tittt  typhoid  cultures,  introduced  within  the  sheila  of  oysters  from  the 
M  from  which  the  incriminated  oysters  were  derived,  were  virulent  at 
ihe  Hid  of  48  hours,  which  was  the  period  which  elapsed  between  the 
K^hering  an<l  consumption  of  those  which  aiuscd  the  outbreak.  Fur- 
tbermore,  it  was  demonstrated  that,  if  the  specimens  were  kept  at  ru° 
F.,  the  organisms  were  active  as  long  as  a  month  later. 

Joseph  Polak,*  of  Warsaw,  examined  oysters  fn»m  Ostcnd,  Hol- 
Iwd,  and  Odessa,  and  concluded  that,  during  transportation,  the  life 
pfiresaes  have  an  undoubted  inimical  influents  on  biictoria,  diminishing, 
Md  in  certain  cases  destroying  them  completely.  His  conclusions  were 
ilistinctly  opposed  to  those  of  others  who  had  determined  that  the  ty- 

I  Revue  d'Hygiine  Jan,,  Feb.,  and  March,  1900. 

'  La  Semaine  mMirale,  1S07,  p.  9. 

'  Zeitrchrift  fiir  Hygiene,  VI.,  p.  162. 

•  Medical  News,  March  23,  1S9,5. 

>  Sanitar?  Record,  April  30, 1897,  Supplement,  p.  47, 
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phoul  fevfr  oivniii:<iii  lives  longer  in  thv  tijwu«*  nnJ  jiiw*  of  tlw  oysler 
Uuti  Id  fivM  naUT  il^i-lf. 

Klfiii  df^tw'iiil  W.  nu/(  fommunui  in  oy!»lcr!<  fi»m  lyjdioitl-inft-cuJ 
hctis,  nud  I'ound  that  oysters,  k^it  lur  a  tiin«  in  scu  Mater  inten- 
tionaUy  iiiftinM  with  B.  ti/phait>ui,  yk-lil  tho  oi^ui^m  aftw  4  it»  IS 
iljxyi^  t'lioK-ni  ItiifK-rui  wtre  il«»<>iirtrat«i  in  an  iwtivv  statp  after 
4  to  !>'  (iavf..  \Vo'mI  MitijwtMl  oystci-s  U*  diolera-infwn:^  s«i  n-utur, 
unci  I'oiitiil  iIk-  Uidmii   at  ihi'  wuJ  wf  IH,  l»it  imt  a(Vr  2M,  ilaye. 

Aorortling  to  Boycc,  tlie  typlioid  orgiuiitun  will  not  grow  iii  the  tiasuett 
of  Ok  tty»u--T,  aiid,  in  fnt-t,  [HTii^ht^  ni)iidly  llien-in,  if  the  oyxtvre  lire 
removeil  to  pun?  wu  water.  Bnt,  a(ii->irding  to  Klein  and  Fonic,  the 
orjpiiiinni  liiH^,  nuiltl|>li<'.",  and  i.-  vinilinii  for  u  lonjr  time,  if  the  oysiws 
storwl  in  ijolliitwj  whut.  Kli'in  found  it  %'iruk'nt  iiftw  .1  iveiJcs, 
Fooie  reportwl  tJiat,  dtiring  the  first  2  weeks  of  tnimetsion  iii 
loid-infii-Icd  watiT,  it  niiiltijilits  in  thp  tixHiKM  of  the  oy»lcT  u)d 
.i.-n  dimiiiinhcti,  but  can  iitill  be  found  iitYvr  'M  dnVH. 
FiY>in  !i  K4'rii?<  tit'  iL'.x|ii-r'iTii(-nln  iniilcrliiki-n  to  <li-l«-rniini:  the  qiif^tion 
of  \iultility  of  the  typhoid  oipiniMU  in  Bca  water  and  wittun  the  oyster, 
Borduiii-UffWdiim  and  /t^ioni '  roncluilcd  that  it  will  live  owr  3 
weeks  in  sen  uiiter  and  from  3  to  4  vltiyf  in  oystere,  without 
le^^niiig  of  vinileiiw.  Oyatfrs  from  Sjiezia,  Venice,  and  elsenhere. 
wvrc  examined  to  dcleriniiii.'  the  pn?ti'ni-e  of  lh<-  tvphoid  or^miKni  in 
the  water  cjiilained  Iwtween  the  sJiells  or  in  tlic  tisj^ues.  The  remits 
ycere  nq^tive  on  thin  {xiint,  hut  the  colon  Imdllus  was  isolated  frnm 
ovstcrs  from  3  different  sources.  Oysters  Immersed  in  sterilized  sea 
w'aicr,  whii'h  Inter  was  infrrted  witli  oidlun'>  of  the  tj-phoid  orpiiiiMii, 
yieldwl  virtdent  Iwieilli  fi-om  the  water  between  their  shells  uj)  to  the 
ninth  day  <*f  examinnlion,  bnt  never  from  the  lisAnes  themselves. ' 

Other  ohservent  have  found  the  baoteriu  of  eholent  and  ty])hoicl  fever, 
B.  coll  eonni'imui,  B.  frdteim  vulr/arin,  and  other  organisms,  in  oysters 
contaminated  by  wwage,  and  nil  unite  in  the  cipinion  tliiit  the  pri^H-iicx' 
of  B.  <Wi  wmniimw  r'liould  arouse  suspicion  and  induce  impmvements 
in  the  monagcmcnl  and  supervision  of  oyster  tiedt. 

In  llie  investiipition  '>f  ontbreaks  of  typhoid  fever  cuppniwdly  due  to 
oVsteR!  bneterioI"fn<al  proof  of  siK-cific  infection  of  those  eaten  or  of 
oibers  from  Ihe  same  lot  always  hii"  been  inul  always  will  be  wanting, 
a]icc  louK  Wfore  the  aplH^ir:inre  of  the  first  symptoms  of  the  disease, 
the  material  i*  no  lonp-r  available  foi-  invesii^ilion.  But,  in  view  of 
the  fiwl  iliiit  patho{.t-nic  bneterift  have  been  found  in  the  water  between 
tiie  shelI.->  of  ovsters  from  |>oIlnt«I  biil«  ,  that  they  have  been  known 
to  Uvr  for  day's  in  the  IJKsues  and  reliiiiKil  wiitcr;  nml  thai,  in  tlic 
invwti(iat«l,  tl"^  ^^^  have  biTU  found  to  1m?  exposed  to  tlie  inllii- 
at  sewMW,  we  may,  Uiei-efore.  properly  conclude  llml  a  causal  rela- 

m  »  TtffT  po^ible. 

-j^  ^Hcr  of  infection  arises  wholly  IVrtni  the  presi'ne*'  of  sewage 

^  -ater  where  tlu'  oyster-  are  planted  or  stored.      The  reinwly  lies 

^^KB^^fTtne  the  beds  t"  cleaner  .situations  or  in  storing  the  con- 
delb  Btttli.'  Sooi«U  linliiuui  d'igicOR,  ISUO,  p  MO. 
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^taminalcd  »ystcr«  iu  ck'uii  ava  wiitcrr  until  ttic  biu-U-riu  vithrr  hiivp  |ier- 
[ixhcil  If  have  been  waisbul  away.  MHiat  constitute**  a  Hullicieiit  l<^n^li 
[of  lime  to  in?^iiiv  |>iirifi«itii>n,  in  h  iimll^-r  dP  wuik-  ilivif^rciiiunl.  Miinv 
^bi-lii-ve  livHt  a  WH'k  ii^  onou^h ;  uthei^,  tlint  llj  iliiy^  should  be  :illi>wvd. 
(>)-*tcr»  F^oiilil  imi  lie  i-tunil  wintn.'  .--ttwa^e  matters  van  iviicli  ilicni 
through  li>Qg  (IL-itances  by  ciirrciHi^  along  tin-  sliori?,  nor  where  prevailiug 
vrincU  mn  exert  a  tuirmtiil  influence  to  t\w  iaixut  eucL 

Poisoning  by  Meat  and  Fish. 

Animal  tooAf*  are  t)i<-  f'ltnjuent  aiu^.  of  most  diHtresiung  disordeni 
wbicb  no*  raivly  liavo  a  liitjil  tprmiiiation.  Skiic  oI"  tlie<e  aix-  dut-  to 
|K>i.-Hinoa>4  pr(i(X'rtio.4  iiiheiir-iit  in  ibc  living  auinifd,  mnue  to  bactrrial 
|Bti<ou»  fomKil  in  niuiU  sbowing  no  (•viu(-ni'<-  iif  uiiwIinli-wMtw-ncM, 
and  rwme  to  decouijiustcion  pi-odiictit  devplo|H'(I  duriu|r  stunigt-  or  pntro- 
fiu.-tioii. 

1.  Poisoning  Due  to  Substances  Normally  Present  in  the  Living 

Organism. — A«  lui.'  Int-n  sUitwi,  ivrtain  sjhf^iiw  of  tisli  aiii  always  imi- 
M-noii-i  luid  othcni  only  at  timct^,  luid  in  some  av^^^  only  iniliviilnal 
[Qfiiibers  are  t^  mn^titutwi.  <"i']-tiiin  !'|H?i>ii-_-*  are  .-o  well  knowu  U>  he 
poiwuoiw  in  ]»crfwlly  fr**li  condition  timt  Ibcy  iievor  mix;  witoii  by  tlio 
tives  of  the  |>Ia'«s  wherp  thoy  are  found,  ex<x;pt  for  purpose™  of  sni- 
i<i(li^  S>nii.*  Iiitvt-  iHiiiuinoiis  f^linidi'  iimiici-kil  ivilli  llii-ir  Ihin,  miuw  Iihvc 
poi»>nous  ovaries,  and  oihertt  are  [loiHiuuiii^  tln'oii^liont.  8onie  are 
pobonmu  only  iu  the  niw  ■•tjilc,  mid  otiier*  wbctliiLT  <!ooknI  or  not. 
The  symptoms  produced  varj-  widely,  ^ometiinft-  indieittin^  gasttv*- 
«"nl«'rilt«,  MnM-tinK-j<  iiivolvonKnit  of  tbir  wntrHl  »<.T\'onis  M'otcin. 

Tlie  niui-"!-el  i»  rejpinled  not  uiieommonlv  as  an  intrinsieallv  ]Kil-onoUfl 
HbcllHib,  but  ihe  weiglil  of  i-vidi-rnH'  iiiitli'uti'Hi  tbiiT  inns«i-l-|Hiiiuiiiiii|;  iif 
due  to  ^vnditioui<  of  tli'VOfe  i>r  iiifoctiou  arising  from  residence  in  juil- 
lutcd  water.  lis  poUonons  pn>|M>nJts  bitvi*  long  Vit-i-u  nis^riizcil,  luid 
huvi;  bi-cu  tin*  "iibjcct  of  u  unmbcr  of  dissertations  by  early  writers; 
thus  Bclirens,  Df  it^eeiionibus  a  fomtxtin  mirln/i",  Hannover,  I7:io.  and 
iliH-hriii);,  Mi/litliiriim  ijHuruiufuiit  rrnrnum  rl  ii'>  '■"  imliiii  jmjiiilfiK  rnfi' 
tioTf*  EjiiMolit,  Xurembeijr,  1744.  In  l-'ram*,  where  great  rjuantities 
if  nius^-1^  are  taten,  ca.-'eN  nf  |H>i.'>iiTiinf;  ibi.'ri-fnriri  an-  niii-,  owing 
diiiibtli-jvi  Ui  the  fti-t  tbiit  those  taken  fn»m  jmlluied  harbor^  are  Icept 
for  a  week  or  more  in  eli'aii  water  i-lvr-wlici'c-. 

2.  Poisoning  Due  to  Bacterial  Products  in  Meats  and  Fish. — 
Wli.ll  U  known  eoraraonly  tw  tnnit-|Mii<oiiitit;,  t^rib-fm'i'iiiin^,  and 
aau.-a):i'-|HiL-«>ii)n^  !■«  dm-  to  the  prodnclj;  of  a  niimlKT  of  niieniH>i^^inimm« 
luiving  no  ponncctioo  with  tlie  unual  di.-«>iise.H  of  man,  Tbeso  p^wlucf*, 
wlikdi  include  loxinH  and  ptoniains,  cau^e  an  extn-meK  wide  viiridv  of 
*iytnpt<>in>,  wbicb,  a's  mny  l>e  ob-ervetl  on  esamination  of  the  collection 
of  reporte<I  outbreaks  piven  Ik-Iuw.  inilicjite  the  [Missiblf  doran^-moat 
nf  fun4-ti(tn  of  pRii-ticjilly  every  |iart  of  the  system.  There  are  two 
icniupti  of  sjTuptoniii,  li<iwever,  whii'h  are  fjiirly  eiut^tant,  (-ilher  one  of 
wbiGO  may  prMlominau-  over  all  the  rest.     These  are  (I)  the  maniii-s- 
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tatioDH  of  profoiiiul  (Iktiirbuncv  of  the  gai<4ro-iiitcvttii»l  cnual,  mikI  (2) 
tliiisr  iii(liciitiii(r  iimrc  or  W-«  iiitfjisc  jinimtiiug  of  iho  ociinxil  Dt-rvinii> 
sjsteni.  Prtmiimnt  anionjj  tlit^-  lutt<T  mv  iiiijuiintl  vImoii  (ililiiti-d 
|>u|iils  ptaiU,  aiiiphtMlipIopia,  cic),  ami  glowo-pluiniigcal  ]iaraU'Mi*; 
unJ  when  tlnwv  niv  pR.si'iH,  tin-  cjwc  w  wiiii  tfi  Ix-  oiio  "f  "  l>itliili*iii." 
Thic  tcmi,  wliioh  ciiniL'  into  existence  bv  reii!K>ii  of  the  fart  that  inanv 
of  till"  «irlicr  oliwrvcti  vuM.'-t  of  liKHl-iHiiMiniii^r  wcir  iran-cl  to  !^iiiNip.« 
(bolithui,  a  f^iusa^f),  in,  in  the  lijjht  of  owr  prti^i'iit  kiiow'kilgi?,  unfiirtu- 
iiiiti-  anil  ini.->]i':iiliri^,  for  llu-  niiiditioii  inav  hi-  (iiiiM-d  not  nnlv  by 
satuagc,  hni  by  any  furiii  of  inLtit  am)  HAi  whit^^li  may  hiipfM'D  to  be 
conianiinattxl  hy  llic  tniiTo-or^iui.'nin  wliii-li  pi^xliic-i'  ilic  {Hirnliar  loxtn 
(or  tiixinv}  by  wliirh  tlit-  m:inifrsiiiti»nri  arc  i';ni>-r(1.  Am)  it  U  not  true, 
an  ia  sMpposnl  by  »<>mf.  that  botulism  i>  oiinswl  by  ttif  jni)tcid  baclcrul 
jHiisons  aloiii-  (imnmoiily  known  as  toxins),  but  by  ixrlain  of  ihc  luisic 
crystalline  ifii«]m?tj>  of  dnompoi^ition,  known  sis  ptotuains,  as,  tot 
exnmpk-.  mytilotuxin,  a  ptonmin  JMiliiti'il  by  SalkowKki  an<l  Bm^T  fWrni 
ooniaminatpd  niUK-elK, 

Xo)  ini(N>ininonl\',  ptoniitiiis  aiv  rc);Hr(t<Hl  >ih  niix^Mirilv  gtoisOIKNU' 
siilwtanci?*.  This,  howfvcr,  is  lar  from  bi-iii^  the  trnlb.  They  are 
pnM)iiot.-<  of  <K-eom|MiMtion  brought  aliout  by  mii'po-or^iii(«ni-'<  wliteli 
brtiik  «|>  the  complex  orginnv  ninlters  into  less  «miples  roinfxjundfi, 
whifli  it!  iLini  :iii?  sj>lif  up  into  pimliicis  of  dimini.-lun^  omiiilctity, 
niitil  (be  final  pnHlnets  are  «iUer,  hyilnifren,  carlHinie  adil,  nulphur- 
ptUtl  hydrojs'n,  annnonia,  tiitiiiireii,  and  salts.  During  this  pn)0«ss 
of  decomposition,  at  different  stjiju'fi,  the  ptoinains.  wliieh  arc  organic 
bases,  are  fbnnwi.  Sonic  tire  poisonous,  Imt  the  jrii«t  majority  of 
those  thus  far  ifoI;iteiI  are  wholly  inert.  All  contiiin  nilnL>(^'n,  hnl 
not  all  runhiin  oxygon,  thim  iv^embling  llie  vc^i-table  alkaloids.  The 
\liriety  of  plnmain"  fimneil  ileijend*  mum  the  kinils  of  miero-oiviinijt[ni» 
at  M-ork,  the  nature  of  the  snbstaneo  inidctyoin);  deeomposilion,  ant!  the 
cnn<lilion>  of  lcni)H'minre,  iie^vss  of  air,  iim)  other  alleiidiint  rircutn- 
sttinee*.  One  sjieiies  of  baeleria  may  proflnee  no  ptnniains  from  one 
kind  of  material,  iiiiil  poisoimns  or  inert  oni\-  fiiini  another.  At  one 
Hlflfrv  of  dctxMiiposilifni  no  ptomaine  may  be  foniiwl,  at  nnotlier  i^cvvnil 
may  he  present,  and  later  thi'vM-  may  have  disappeared  completely, 
for  (hey  an-  hut  interniifliate  prodnets, 

Rrieger  luis  isolated  a  ninnlier  of  varielie-  of  ptoniains  from  docom- 
|)ot-ing  niciits  and  ti<h,  inehiiliiifr  iicnrine,  elioHnr,  and  one  whieh  apprnrs 
lo  be  identieal  with  mnscnrine  (nil  three  of  these  are  uiit;i)fciinn'<l  in  tlwir 
)H>i«onous  aetion  l)y  alnipine),  and  n<'nri<)iiie,  putreseine,  eadaverioe, 
another  wliir-li  pivujiiees  effects  similar  lo  those  of  enrarc.  and  others*. 
Van^han  discovered  the  vm-  important  ptoniain,  tyrotoxieon,  m  mUk 
and  elieft^'. 

Many  ()f  the  {loisonons  e<iiu))oiindK  fonnetl  during  pntrefeetion  relaio 
their  active  diameter  lonfi  atVr  the  orgimisnis  ihroUfth  wIiokc  agency 
they  have  iK-en  protlncetl  have  |(erishtd.  This  was  noted  as  early  a» 
1X.V)  by  I'annm,  who  fianal  that  the  [miwim  of  i-ertain  piilrid  meat 
tvtjiinetl  it»  welivity  even  al>er  it  had  been  bofled  II   hours,  and  bi* 
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•*aU(>n  lias  n?]tail(flly  Ixth  i-ontiriiuil  by  otlicrn.     N'utunillj',  no 
smouot  of  ciwlkin^  will  suffice  to  render  mch  metit  bannleite. 

Tlic  lAysiolojiital  niHiriii  iif  ihi'-n?  jniU<in.t  !.■*  widi-ly  ilitT'iTi'iit.  Some 
cause  intcQ-v  ga-tiivinto-tiniil  irriUitloii,  wjiDf  act  diri-ctly  on  tlie  litarl, 
nxnt'  itii  Um*  oLiHral  iuT\'im.i  >ysl4'ni,  and  wnne  mi  [wirliiuliii-  ct'iitcis, 
^\•r^■  JiSVrmil  fffcftft  arc  priHliictnl  in  ilinV'ti'iil  [K'i|i1c.  I'wiiip  [>crli;ipi?  to 
vapj-ing  decrees  of  suwwptibiliiy  and  also  to  uncqiml  distribution  of  the 
isfin  tliPxijH)  tbc  miija*  of  mnit. 

Tbe  (!Xtt.-nt  to  wliieh  the  jnitretactive  process  has  advanced  is  by  no 
>t^[b>  iif  Kurh  tni]M)rt:ini'<'  in  the  iU'U'ninii;ilU)n  of  ihi-  (jllcstiim  of  jmw- 
'«ible  ill  eBcde,  as  the  nature  of  the  ciijiuf.td  iKK'tcria  and  of  Ibfir 
pnxiactK,  for  tiunt  nmy  be  pxlremeiy  putrid  and  jet  not  be  poi-wtnouH, 
and,  oa  the  olher  hand,  may  be  apiHiivutly  noniinl  and  yet  di.iidly  in 
ita  efl"«'(.>«.  Many  sava^^  j>eojihs  pnfi-r  putrid  fihh  and  nuiit,  and  the 
more  rotten  it  if,  the  grt^itcr  thi-ir  enjoyment  in  if*  consiini|itiiin.  In 
lens  dq^rte,  the  «inio  is  true  of  many  of  the  most  enlightened  pL'ople, 
who  pivfpr  f^imi;  wht-n  dcwoni  posit  ion  i»  fairly  well  udvnnM^l.  On  th« 
other  hami,  tbe  ^evi-rt^t  outbi-eak^s  of  HxmI -poison  I nj;  have  followed  the 
t« till);  of  mint  a|i|i!in-nllv  ixit  undcrgiiiiit:  <li-i'<)ni|Ki.~ilioti.  Indit^l,  the 
majority  i.)f  persons  will  reject  imiit  ivhich  has  ihc  slipht«>t  tii>lc  or 
odor  indkatiu^  Ix^innin^  putreiaciion,  Muec-  even  tliU  niake.H  it  repug- 
nant to  the  mib-ei^  In  luauy  i-ates,  the  poiiwiioua  ])rin<:ipl(«t  iip|)uir  to 
be  develojx^d  after  the  inest  has  been  eaten,  through  changes  occurring 
within  iIk-  inlti'tiiKv, 

Tbe  bucu-ria  which  h;ivt-  thus  liir  JKitn  sliown  to  hnvp  Ihcii  iln*  i'jiii«! 

of  oiitl)n?:ik>  of  nu-.it-  and  ti!{h-]>oi zoning  include  e*.Ttjtin  s|Mjri'-bcaring 

uacrulje^  injlatcd  by  Van   Krniengem  (ft.  holiil!nu»),  and  Klein  (H. 

aikritidin  tijioroyrnnt),  a   number  of  dcriviitivcw  of  B.  coH  isnljiled  bv 

Gntrtner  (if. '■"/("/''/I'/w),  Itasenau  (li.  bm-iM  morbif{i:un»),  KaeiiMshe  (/{. 

BmlacieHJii»  and    H.    Momtrlrurniiii'),    (.iiifl'ky  and    I'nai;    \fi.    Friclr- 

hfrgauiJt),  Abel,  Giintber,  and  others,   besides  Ji.  [iroteus  ruljari".  It. 

fniou  Jliuift»c^n*,  It.  fn-uteoK  iiunihU'm,    B.  pM-ictditK  tirfUh  (Kcbor), 

B.  ligiir'tiJiitaii  fujii-'iM  (.Siniarclli).  a  micrococcus  (A'aughan),  and  others 

munied.     The  fii'st-nienlioiiwl  (li.  /lolu/inur)  pnidnt'cs  .-in  cxtnionfi- 

Buily  vinik-nt   toxin,  which   hii»  Ikvu   the  Bubjeel  of  careful   ui\-esli- 

pttui.      It  was  i-uilale<l  fivim  eultunw  of  t\w  l>ri('illii>,  .iniiplic*!   by  the 

4uoii,-<erer,  by  Itrii^'rani!  Kiiupncr,'  who  provci!  it  to  l»c  ivlated  rli>sely 

to  the   toxini   of  diphtheria   uml    t<-tanu.%,   fmni  which   it  ilifl'er^   in 

wtniporisnt   reniMit  ih.il.  it  run  atfcct  tbe  sy«lcni  through  the  nuii'oiUD 

■nnnbnintTi.     N.-xt.  Kenipwr*  invt^tigaltHl  tlie  t*uhji'ct  of  immunity  to 

tbe  toxin,  eraplovHng  bouillon  i-nlluri's  killc<I  by  the  appHmticui  of  toJuoi, 

raltnre  fillrativ   {'nv  from   iMicteria,  anil  the  concentrated  and  puritied 

pn.-uii,  the  sttvnjftli  of  whirl)  wa.-.  tli-ii-rmincd  atTiuiiti-ly  with  t:uiiM-«-pig». 

The  first  eA|i<Timi-nt;»  in  immiinizinp  piiinea-pigs  and   nibbils  pmvc*! 

Hat  with  them  immunity,-  cannot  U-  attained  even  when  Wginning  with 

tw  smallest  (MMriihlf  dose,  >inec  in  every  ca*e,  after  a  shorter  or  longer 

'  IViitwhp  mnllcInM-lii-  W.wliPiiwI.rifl.  1N»T  No.  S3. 

*  Zeitwbrin  fQr  Rvgiciie  luul  liitci-tirnisknitiklicilcn,  XXVI.,  p^  481. 
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iutui'viil,  iIk'  luiiiual  |H.>rL(1ii>d.  \Vitli  ^uiitjs,  it  van  fuiiud  that  iniuiiinhT 
call  be  confcrred  l>y  re^wuHi'd  incii:-a.-ii(g  Mil>oiituiKiius  injection,  and  ttiai 
tli«  wu'iiiu  of  tin-  irniiiiitiixi^l  luiiiiiiil  ikijwh.-iww  ii  vtay  liij^li  |iix)UvlivF 
jMiwer,  as  is  i-hown  by  tlie  fact  tliat  ]»rrrteftiuii  if^  secured  bv  iiijci-tioti 
jH-rt'omiitl  :I0  lioui-N  Ix'tun-  thfiiitnidtn-ti'iii  nf  the  |MiiM>ii.  Il  wii?  riuinJ 
nliHj  titut  tlic  uutitoxiu  would  fave  ^uiu«i-pig«  when  adntinistcred  24 
huiiix  after  iuiH'U Union  with  a  driM^  which  woulil  hi>  fatiit  onliimrily  in 
4S,  and  i;vcn  whvv  ikvidt.il  cliniiitl  »igu«  of  poisuuing  were  already 
present. 

I^tcj-,  KcmiHicr  and  Sohcptlrwitky  '  Vn-pm  a  rwwairh  on  tlic  poMiblc 
atlinity  of  ueive-suljetaiipe  for  the  to.\iii,  wliicli,  aw  shown  by  clinical 
eympUmii)  mid  iKitJioIu^iciil  cxiuiiiiiiitioii,  rxliibiu  it  ilii-idi-d  affinity  for 
ccrtjiin  |Hirts  of  the  central  ncrvoue  system.  The  tw^t  |x)i*«ii  was  »o 
staodanlized  that  l).(KKHK)."i  cc.  n-jtn-w-nlwi  twice  the  dos*  nwcwsarj' 
to  liill  wliitc  miiv  of  I 'j  uninmics  weight  in  from  2  to  3  duyi!^  The 
bruins  of  recently  kill«i  guinea-pi^  were  rubbed  with  phypiolt^cal 
Mtlt  Hohition  iti  thit  nilio  of  Xii  )>:niniiiii'^  to  10  cc,  and  tlicir  tunlit 
were  tntilcd  in  a  similar  manner.  Both  emnhiions  were  prsctieally 
ueutral  in  reaction.  Pieces  of  the  liver,  kiiinoy,  .iph-en,  nins«-ki«,  and 
niiiriTiw  wci't!  tix-iili-d  i.i  the  Kiinic  way,  to  he  iiwil  for  witnpiiiison. 

In  the  firat  sericii  of  ex|KTiments,  1  cc,  of  the  brain  or  cord  enmlsioii, 
niixi^d  with  thnf  to  fonr  tirnc^  the  tiilul  (loM-  of  ihi-  toxin,  mil*  injiTtol 
under  the  skin  of  a  number  of  mice,  and,  as  controhi,  other  mice  were 
injwtM  with  tlio  Minic  anionni  of  toxin  alone,  mid  ■iiill  other;'  with  iIik 
toxin  mixed  with  cmuL-ions  of  other  orpins.  1'he  rci^nltf  shon'cd  that 
the  hniin  and  eoixl  exert  a  d[-<-idcd  pii-venlivc  nnd  eumtivc  inHuiitoe, 
and  tliat  the  other  organs  do  not.  \Vith  ndxctl  injection  it.  was  always 
[lONiililc  with  I  ce.  of  the  ejuuNion  to  (•onntcraet  'A  times  the  fatal 
dose,  while  with  4  times  tin-  dose  al>ont  half  ihe  iinininl*  diwl.  With 
sejnnitc,  but  simultanoons,  injections,  only  nliout  half  of  the  aninial.'i 
sun-ivcd  twice  the  fulul  dose,  the  o(hfr»  liyinff  alniut  a.*  ijniekly  an  tlaj 
COOtir)l>%  As  a  cumtive  agent  in  ca^w  whei-c  the  poison  had  been 
exhibited  6  and  12  I)onri<  previously,  llic  emulsion  did  not  ^vc  such 
fiivorable  results,  for  those  Injitiil  after  12  hounf  dii.'d  a»  eoou  us  the 
Oont[»ls,  and  Ihe  nlhers  livi'd  hnl  a  day  long<T. 

Wlisitever  the  pnilcctinjj  i^iilwtmiw  may  1h',  il  was  pnive<f  lliiit  it  i.* 
in  eoniliinution  with  nerv'c-siihstance  and  iusohible  in  water  ;  its  influ- 
ence in  altered  niuterially  by  high  leJiipenitiires,  but  not  by  ki-t-piug 
8e^■eral  dajT*  in  ice. 

Milk,  butler,  yolk  of  (^,  and  other  nniunil  Cits  were  tiied  in  the 
tuune  way,  hut  no  ru'ult»  were  obtiiitictl,  cx(*plitig  with  linlter,  with 
which  two  guinea-pigs  were  protected.  Even  this  failed  with  other 
aniniHli*.  A  thin  oil  cniiiUioii,  mixiil  willi  2  and  even  4  times  lh« 
fatal  dose,  gave  positive  ivsults.  Ix-cithin  and  choleeitcrin.  Mihstanccs 
uormalty  pri^st-nl  in  nerve-sulnianee,  proved  to  have  autiloxie  power, 
which  wa*  unini|«iirwi  by  iKiiling  or  hiiiling;  but  large  amounlj' were 
aeoesaary.  Oilier  fiubslances,  as  cerebrin,  niiclein,  and  bile,  ]iroved  to 
'  Zeiucluifl  far  Hygiene  uuii  IiifHiion^ktankLciirn,  XVU^  jt,  31& 
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be  inert,  but  antipyrin  in  larger  anioimtfl  than  O.IO  gramme  (0.15  to 
11,20)  sufficed  to  neutralize  0,00003  cc.  of  the  toxin.  Given  m  doses 
of  0.10  gramme,  antipyrin  had  no  effect,  the  animak  dying  at  the 
fiune  time  as  the  controls,  but  when  the  animal:^  were  trciited  with 
sntipyrin  as  a  preliminary  meiisurt;  the  above  dose  was  efficient, 

Onwt  and  Coarse  of  Symptonu. — The  first  i^ymptoms  in  coses  of 
pnisoning  by  fish  and  meats  may  occur  within  an  hour  or  two  after  eat- 
ing or  may  be  delayed  n  number  of  dayx.  In  one  outbreak  cited  (see 
Puisoning  by  Herrings,  page  61),  in  which  5  persons  were  seized,  the 
initial  symptoms  appeared  in  2,  3,  -5,  7,  and  9  days  respectively ; 
ordinarily  they  appearwithin  a  few  hours — 3,  6, 12.  When  nurabersof 
pereona  are  affected  by  the  same  food,  the  onset  is  by  no  means  uni- 
form. In  the  Ellezelles  case  (see  page  69),  in  which  20  persons  were 
seJied,  the  time  in  which  tlie  symptoms  first  were  manifested  ranged 
ftom  3  to  36  hours,  but  as  a  rule,  it  is  the  appearance  within  the  same 
(i»yof  simihu-  symptoms  in  a  number  of  i»ersoos  which  calls  attention 
to  the  food  supply  as  a  common  cause  of  the  trouble.  Poisoning  by 
ptomajns  is  manifested  generally  within  a  few  liours. 

In  cases  of  rapid  on.set,  the  pmgress  cither  to  recovery  or  a  fatal 
termination  la  commonly  short,  but  may  be  sometimes  a  matter  of 
nionth.%,  and  in  these  exceptional  cases  eventual  recovery  is  probable. 
Tile  shortest  case  on  record  is  that  of  mussel-poisoning  at  Wilhelms- 
liaveD  (see  page  60),  in  which  1  victim  died  in  2,  another  in  3,  and 
3  others  in  5  hours  after  eating. 

A  peculiar  tendency  to  relapses  often  is  observed.  The  patient  begins 
to  improve,  when  suddenly  the  original  symptoms  reappear  with  equal, 
greater,  or  diminished  intensity.  Improvement  mav  be  succeeded  again 
by  a  relapse,  and  the  alternation  may  obt;tin  fi)r  many  months.  The 
toiins  secreted  by  the  original  invading  bacteria  are  antagonized  by 
antitoxins  produced  by  the  system  and  improvement  occurs  ;  tlieu  dur- 
inj;  this  interval  the  spore-bearers  find  opportunity  to  develop  a  new 
«?Mp  of  Imcteria,  which,  again  pnxiucing  toxins,  cause  a  recurrence  of 
the  original  symptoms. 

Kttnre  of  Symptoms. — \n  has  been  stated,  the  effects  produced  vary 
Very-  greatly,  but  the  symptoms  of  abdominal  disturbance  and  of  jMii- 
soning  of  the  central  nervous  system  are  the  most  constant  aw  well  as 
n»si  predominant.  Fever  may  or  may  not  be  present ;  usually  it  is 
not,  but  in  some  ontbreaks  temperatures  excelling  104°  F,  liave  been 
WoinJcd.  In  .-ome  cases,  the  temperature  is  subnormal.  Dislurbauco 
«f  the  circuLttion  is  more  common  than  fever,  the  pulse  Iwing  small 
•nii  rapid,  and  sometimes  dicrotic.  In  a  few  irisfciuces,  marked  cmbar- 
■SAiraent  of  respinitinn  has  Imjcu  noted.  In  most  of  the  recorded  cum's, 
Du  mention  is  made  of  involvement  of  the  kiilneys,  but  in  sonic  in- 
dices evidence  of  acute  nephritis  has  been  obscrvetl.  Dysuria, 
•ouria,  and  paralysis  of  the  hlaiUler  are  not  uncommon.  In  most  cases, 
Mtreme  muscular  weakness  is  a  prominent  symptoni,  and  not  infrc- 
qaentiy  muscular  pains  and  cramps.  While  diarrhnea,  hmg  continu<'d, 
^  a  mast  common  occurrence,  in  many  cases  most  obstinate  M>nsti|>aliou, 


FOODS. 


(Ktmntimiix  following  diitrrlum  niid  ■■xinu-liiii'^  prr^iccnt  from  tb«  first,  ia 
noted.  Ill  irotap  cascii  nlxlomiiiitl  i^vinpinm^i  atv  bv  no  means  proniinmi, 
and  in  ntliers  lliey  aii'  jinii-liciilK'  rli*'  milv  (>iiit«  "liwncii.  TIh*  »jiiij>- 
twnis  of  invulvt'Tm-m  of  llic  luTVoiis  syt^tt-m  iiiotn<le  thii-e  mention^ 
above,  ami  dwivvsine.^H  or  inNininiu,  licatWln',  dUxinew,  df-liriiiiii,  dimtn- 
l.tlitil  <vi-(ircliii)itiuii  of  muvviuvnt,  utLmbncKs,  i-mtii|w,  cunvuleions,  snd 
piinilyses. 

Post- mortem  Appearances. — Tlie  )vi)<l-iTiorIi'ni  npiJiuruiicef  obteni*«l 
iu  cai-(*  of  poitKiniiig  ari.'  veiy  iiKtoiistimt.  both  aa  In  trxtc-nt  nntl  kind, 
and  an-  by  lui  iiii'iiii;-  pnijiortioiwif  l<i  tlu-  wvcrity  iif  lln-  ^vnipli.mis. 
Evvii  wiioii  u  uuml>cr  of  individimU  succumb  to  the  ^nie  inHuencK^,  the 
apjieanint*.-!  may  sliow  but  littlt-  in  eoninnni.  Tliii!*,  in  tln>  Wclb«'k 
nt«c  (piif.T  fi'i).  oMt'  showtil  nothing  more  than  a  few  bright  red  patches 
iu  ihe  !-tomach  ;  a  Heeond,  i-ongeMiiin  of  tin-  fpi.-lrr-iiitotiiinl  iiiucoui' 
nicjabitiuc ;  uihI  a  lliird,  wvrri'  |Kiivnchynia1oii)^  inlliiuiuiatiim  with  dlt- 
tention  and  ])liigs'"H  "*  the  arterioles  and  lapillarie."  of  the  Maljiijthbia 
cor|)iiscU'n  bv  I'liilmli  of  ImcU-rin.  Tlic  miwt  (.'xt<'[i>ive  (■hnn|;fc>  observed 
lire  tliow  ixvitrriTii;  in  jHiiwininj;  l>y  muttselii  and  oysler»,  in  whii-h  eases 
the  extvenieiy  rapid  on.-i-t  iind  the  \fi-v  »hor1  coiu'sc  lo  a  falul  l<-niiSnii- 
tioii  »ii}o;iwt  the  action  ot'  porwinous  ptoinaii]!-.  Indeed,  animal  experi- 
mentation ba.-«  di>nion^tratKl  tliat  certain  of  these  componntJn  iHxiflaet 
thfw;  very  cliunKe*.  whicli  iiichidc  ptfil  tiilanicnu-ut  of  the  spleen,  pnnp- 
titbrm  eichynio^f.  and  heniorrhajiric  infalVIion^  and  liitty  df^uera- 
fion  of  thi."  heart,  liver,  and  Uidncv,'*.  In  ni.^o  of  itical-jHiiMinin^,  tlic 
ap(Hflr:uii'i'>  nottil  range  I'roni  a  few  red  patches  iu  the  iotehtines  tn 
severe  gB^tro-fntcritis  with  dc»rtnict!ve  rJinngts  in  all  the  priurijial 
visit 'r-.i. 

Character  of  Meats  which  Cvise  Poisoning. — In  jreiMi-al,  ontlircakx  of 
pfnwiiiinf;  an-  i-anmnl  bv  the  meat  of  animal"  j'ianghtcnil  while  suffer- 
ing from  disctiMw  other  tbin  tbo^'  which  are  Ix^l  known  to  the  public 
be(^ii>«  of  ibo  great  <lei<iniction  wrought  when  nipnp  in  t-pitleiuic  form ; 
but  they  itiay  ali^o  Itc  InicfHl  to  the  flt^h  of  perfecily  healthy  aidnial.'* 
which  has  become  contaminatcil,  Ixith  in  iht-  niw  and  rvxikcd  wtattv,  by 
poiM)n-|inKli icing  liai'ti-ria. 

The  mot-t  dan^cmus  form*  of  incat-]>oi.«)nin);  ait*  iIuim-  due  to  ilie 
pya>niia9,  neptieivndas,  and  pneiinio-enterttis  and  the  greatest  intenaty 
of  lu'tion  is  pruduwil  bv  pri'pn^itlons  niiidc  from  the  enlrnilfl. 

In  a  miijnrilyof  the  re|("irtcd  oiitbrtiiks,  the  meat  lias  Iwiii  <<un8iilii(<(l 
either  raw  or  isrily  iniinrfietly  (■txiktHJ.  or  al'ier  being  kept  a  day  or  two 
afU'r  being  cookeil.  The  meats  most  conniionly  the  cmii.m-  tin-  pork  and 
itK  preparaliouH,  and  vpaL  llotli  yield  a  eonniderable  amount  of  gelatin, 
a»<l  lhi.«  faf't  haji  lietii  NUf!'jc*leil  ii*  havinjr  an  imjMii'tant  iH^iriiig,  sintw 
ihi*  material  is  a  niedinni  which  ofiers  fa\oriible  op|xirt unities  for  llw 
growth  of  bacteria. 

Mi»t  of  the  re]>orl«l  outbirnks  have  occurred  in  the  connlTie*  of 
Euro[ie,  where  Ihe  meat  .inpply,  in  wmmMpience  of  being  vciy  restricted, 
is  niili7.<il  III  it.-<  fnllot  extent.  Vi<i<vra  which  with  iik  are  n-jet-lfd  a» 
TvfiifV,  and  the  flesh  and  visct-ni  of  animals  slaughteretl  in  eonseqiieuoe 
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of  mickneee,  with  the  consent  and  approval  of  official  veterinarians,  ore 
yAA  and  eaten.  Another  reason  for  the  frequency  of  the  outbreaks  is 
1  very  common  preference  for  scraped  or  minced  raw  meats  and  for 
nosages  of  domestic  manufacture  made  under  most  unsanitary  con- 
ditions. 

VecJ. — According  to  Vallin,  in  a  communication  to  the  Academy 
of  Medicine  in  1S!):>,  a  large  niunlxtr  of  outbreaks  of  poisoning  in 
G«nnany,  Switzerland,  and  elsewhere  are  due  to  the  consumption  of 
veal  from  animals  either  sick  or  too  immature.  Darde  and  Drouineau ' 
relate  that  they  have  seen  nearly  the  whole  strength  of  a  military 
company,  135  out  of  147,  poisone<l  by  eating  roa.'^t  veal.  The  symp- 
toms appear  generally  in  from  6  to  24  hours,  and  include  vomiting, 
purging,  and  great  prostration.  Dilatation  of  the  pupil  is  common, 
bat  not  constant.     Occasionally,  skin  eruptions  apjxnr. 

By  Vallin,*  and  by  others  as  well,  it  is  deemed  probable  that  veal- 
poiwning  is  due  largely  to  the  exiwtonee  of  septic  pysemiu  and  septic 
jmeumo-enteritLS  in  calves,  and  Van  Ermcngem  has  suggested  that  a 
number  of  septic  diseases  of  these  animals  are  grouped  commonly  under 
the  head  of  diarrhcea.  He  fed  the  fresh  meat  of  one  of  these  calves 
to  mice  and  guinea-pigs,  which  died  within  a  few  dsiys  with  enteritis, 
from  the  bone  marrow  he  isolated  an  oi^nism  which  appears  to  be  I'e- 
laled  closely  to  Gaertoer's  B.  enteritldis,  and  which  on  inoculation  into 
aainals  produces  a  fatal  enteritis. 

Bfrf. — Beef-poisoning  has. been  noticed  with  considerable  frequency, 
following  the  use  of  meat  from  animals  slaughtered  while  sick,  and  it 
his  been  pointed  out  by  several  observers  that  ccrtiiin  septic  diseases  of 
tattle  are  especially  prone  to  render  meat  poisonous.  These  include  the 
Septic  form  of  calf  paralysis,  hemorrhagic  enteritis  of  calves,  septic 
netritis  of  cows,  various  intestinal  disorders,  the  septico-pyromic  dis- 
eases, and  a  number  of  others.  Gaertner's  B.  aiterUidU  was  discovered 
lij'  him  originally  in  the  flesh  of  a  cow  that  had  been  slaughtereil  on 
aoiount  of  a  se\'ere  diarrhcea,  and  in  the  spleen  of  a  person  who  died  in 
consequence  of  eating  it.  He  showed  tlrnt  not  only  the  bacillus,  but 
also  its  Ivoiled  bouillon  cultures,  are  highly  toxic. 

Many  deaths  have  been  recorded  as  a  consequence  of  eating  the  cooked 
meat  of  cows  slaughtered  on  account  of  puerperal  fever,  and  it  wa.-;  from 
I'uch  an  animal  that  Basenau  isolated  B.  hov'm  vtorhijirann.  This  citw 
»lii)wed  such  lesions  of  the  viscera  that  the  director  of  the  Amsterdam 
^tioir  forbade  the  use  of  the  metit. 

Bxaenau '  has  examined  the  flesh  of  beeves  which  had  succnmhed  to 
>  variety  of  dL<<ea.ses,  and  he  has  isolated  a  number  of  species  of  l>ar- 
■eria  bearing  a  close  resemblance  to  B.  horijt  mor/iijie'nis,  all  of  which 
w  fatal  to  mice.  Some  of  them  produce  ]H)isoiious  mutters  wliirh 
'i'fetand  boiling  without  impairment  of  their  properties,  Onlinarj' 
>ii.>(p«tion  being  useless  for  determining  whether  such  nu'at  is  infecteil, 

'  Archival  de  MMecEnp  et  He  Pharmarie  militairea,  1895. 
•  Bevue  ti'Hyptne,  1895  XVII,,  p.  47:i. 
'  ArchiT  fiir  Hygiene,  XXXII.,  p.  219. 
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he  reeutnmeiHiK  that  bacteriological  aD<l  feediii);  experlinentB  shotild  lie 
iiii'titiiUK]  i<itri^tlit>r  williiii  '2-t  hiatm  nfl<-r  .■'hi iifrli taring.  It'  no  cx>I(iniu« 
urc  'il>»ervc.l  at  the  end  of  24  Unim  iiinl  uw  iMH-U-riii  arc  »i«rij  iu  the  tw- 
wues,  the  meat  may  l»e  ri-piii)«I  jis  sate  to  ait.  If  c<)h>uie--  are  yielded, 
ihi-  Mirr|itmiw  nr  [vjf^-tiun  "I*  the  meal  niiint  (le|K'iid  iijhmi  the  n^^mihs  i>f 
the  feeding  ex]K>i'iTiieiit>>.  If  the  mice  fed  on  the  raw  meat  die  and  those 
fed  on  the  eooketl  iiitvit  i«iirvive,  it  may  lie  4iiiiehiile<l  dial  the  ittcsl  ig 
lutv,  if  thorou}rtily  evoked.  If  both  die,  the  iiicsit  t^liuuld  unhcKilalingly 
be  cou<!emiied. 

UtiiHiiijr. — Siiiwiifjc  litu!  long  bwn  rceopiiwd  as  a  very  ronuiion 
caiiw?  of  poiflouinji,  and  has  a  much  larger  record  of  accidents  ihan  any 
iither  muit  nr  nii-Jit  (U)m|ioiiii(h  Thi*  i.*  due  iii  liirf^t^  j»irt  tu  a  very 
eoninioii  practice  of  making  iii^e  of  all  maiiuer  of  uninviting  fragmenbt 
and  tiiTi:a|iH  of  niHit,  ott'nl,  ;ind  the  fl(-7<h  of  sick  and  ill>«ii)diiionwI 
iinimiils  in  |irepiiring  wiiiKige  meat,  ami  ]H?rhaj)i«  to  a  prcatci'  esteiit  to 
the  ejttrenu'ly  iiiL-wnitary  niet.lnHln  of  niajinfaetiire  which  obtain  iu  llittie 
dirtn'ct*  wliero  thi*  iiimi  of  jKiiKoniMU  i"  most  prevalent.  In  nwmy 
iiistanecf,  the  Bvmptonw  cautsed  arc  due  to  tlie  presence  of  ptomaine,  and 
in  many  to  the  coiitiiined  baeleriii  and  (heir  toxhiH. 

In  nio«t  ii]8t{Uiee>,  it  is  imjKn^iblc  to  fix  tlie  blame  upon  any  in- 
dividual ci>iii4litiiwit,  nor  a^ido  fn>m  its  seientiHo  interest  is  this  of 
fixfiul  im]Kirhiii<'c.  The  symjitoms  present  B£  wi<Ie  vuriatious  in  cluir- 
acter  as  are  ob-terved  in  any  other  form  of  food-|»oisoning 

Tile  [trrimss  of  .Hiiiiikin^,  to  which  c<-rliiin  variclic''  of  .iniiMif^fi>  iifC 
dubjecteti,  while  not  dotructive  to  tlie  bacteria  of  putrefaction,  is  idten 
BUcCTvwftil  in  marking  any  luiplui^nt  wnoll  or  (a»tc  due  to  change. 

Cases  Dlnstrative  of  Poisoninff  by  Fish  and  Meat. 

PoisoniniT  ^y  Mussels,  (.'.vkp;  I. — .\i  Willie! m.>liavcn,  in  18R.5, 
several  longshoremeu  and  their  tiiniilies,  19  [HTWinf  in  all,  were  stricken 
wth  very  .-wtvere  nymptom^  shoniy  after  eating  a  meal  of  muii§e-lTi. 
The  syinptoniB  were  in  peiiend  the  nsmie  in  all,  repinllcw*  of  the  amount 
eaten,  and  included  nausea  hikI  vomiting  without  alxlomiiial  jviin  or 
purging,  trembling,  iiinKtrietion  of  the  ihrmii,  iliuIiK^M',  and  dimini.'<liM 
eoSpduiafion  of  movement  similar  to  that  due  to  alciibolic  Intoxicution. 
There  was  no  fever.  S|K^'eli  wa.s  diflieiilt  and  thick,  and  in  a  short 
time  the  Itys  were  unable  to  siipjKirt  the  Ixxiy.  The  puplU  v  ere  dihittnl 
Mini  niinw[MHisive  to  reuctioii  li'>ts  The  extivniitiea  wore  cold  and 
numb.  Four  deaths  oceurretl,  one  within  two  hours,  one  in  llmt-  and 
a-hnir,  and  the  olhers  within  five  hoiira  from  the  time  of  inge&tiau.  Tbe 
Huto])sy  in  the  only  caw  examined  rcvealeil  enteritis,  enonntais  enlarjie- 
ment  'if  the  spleen,  minier'His  lui'inorrhagie  infarctions,  ati'l  fatty  lU-gen- 
emtiiiii  of  the  bean,  liver,  and  kiilneys. 

in  this  vafe,  the  sud<len  onset  and  rapidly  fatal  termination  indicate 
a  true  )>oi.-<onin^  mther  than  an  iiuiLnion  of  the  system  by  bacteria,  snd, 
indeed,  the  poison  was  provtil  by  Hiilkoni'ki  and  Bri<^r  to  be  a  ptonmin, 
to  whieh  thev  gave  the  name  mMilotoxin. 
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Cask  n. — Dr.  JnmeA  S.  Conilx",'  of  R4linbur|;h,  rejjoptMl,  in  182)*, 
an  outbreak  which  invii]v«l  ii  l»r^'  numlKr  of  pensoiiH  of  the  lower 
cliw*  niitjnit^  in  aj(e  from  '2  In  "<>  yi'srs.  The  (in«t  law  si^-ii  wiw  ii 
man  of  60,  wh<i  (.■■ituiiliiiiKii  of  ihii-<t,  h«it  iu  tiif  nioiilli,  ififficuliy  in 
?waUo«niig,  ii-n^ion  alioul  the  jtuvti  and  throat.  The  puli^o  wiw  Aniitll 
and  weak,  the  rwi»initiiin  imnnitl,  tlie  .turi'iKN;  wm>I.  The  himiU  weiv 
numb  and  ibe  legs  unable  to  MUpport  the  body.  Recover}-  Ibllowed 
piirspitivr  irmiin<-iir.  lit-  bad  >iup}Ki|  ihe  evening  hefiin?  with  h  frii'n<l, 
wh"  dieii  during;  the  uiRhl,  Thi-y  !md  «iten  innwcl.s  boiled  with  «iU, 
but  had  n<*t»i'i7d  no  )xi^nUarily  of  taste.  The  next  ease  seen  wa.-*  that 
of  a  RUiii  of  30  who,  on  tlie  pwvion.t  eveiiitij;,  hiid  picked  n  few  innHscU, 
otM  over  five  or  six,  and  liad  esiten  them  raw.  No  effects  were  noticefl 
unlit  incirniit^.  exwptiiiiT  .'■li^ht  biirnin);  of  the  lipi^  and  totit;iie.  On 
alteniptin^;  to  );el  up  he  found  thai  he  could  not  sluud,  although  be, 
like  iJk-  firsi,  ei>nld  ninve  bi^  k-^  uliout  in   bed. 

Although  hundreds  of  easc^,  witli  many  tkiitbi^  were  »wid  lo  liavc 
oecnrred,  in  eon-wnnenoe  of  which  the  niagii^irates  issued  a  wamuig 
agminiA  the  u-*  of  muwcls  I^r.  ConilK-  (onnd  but  thirty  e^isiw  with  two 
deaths.  In  all,  the  .^yniptiim.'*  presented  a  striking  uniformity,  (hough 
thrv  v»ric«i  much  in  nevcrilv.  Minit  of  llie  vietini.i  had  eaten  ibe 
mussels  boiW  with  §alt  antl  pepper,  and  none  had  noticed  any  unusual 
taMe.      In  goni^nd  the  symjitornM  apiKitred  in  an  hour  or  two. 

Tbe  man  %vbo  died  bad  vomited  a  few  hours  after  eating.  He  lay 
down,  had  ni*.%M(jnjd  genenil  In-mbling.  was  rational  to  the  last,  and 
died  as  if  by  increasing  weakness.  On  section  a  few  dark-red  patches 
wen'  fiinitd  in  iIk-  ileum.  The  :<lomncli  wuh  empty  and  pniwuled  :io 
abnormal  appearance.  The  other  fatid  caw;  was  that  of  a  woman  who 
died  in  three  hours  after  eating,  Tbe  lUitopny  reveided  a  full  ^tniiiai-h 
<i)ntiiining  miix.M^'tM  and  [xitalncis,  and  beynnd  a  few  red  [witehcf^  in  the 
intestine  tbe  viscera  were  quite  normal. 

In  his  rqwirt,  I>r.  Omilic  n-lcrn»l  to  a  ease  n-intcd  by  Oaptniii  Van- 
couver,' a  number  of  whose  men  ate  a  breakfast  of  roiistcd  mussels. 
Soon,  severol  were  seized  wiih  numbness  aVioui  the  face  and  extremities, 
fblkjwni  by  invfdveniciit  of  the  whole  iKidy.  One  man.  who  ibcil  in 
five  and  a  half  bourn  after  eating,  was  unable  to  swallow,  aud  though 
he  oould  niw  in  the  boat  while  .'iek.  be  wa*  unable  lo  !*tand  on  k-Jiving  il. 

Poisoning  by  Herrings. — A  aise  involving  five  persons,  re|>or(c*l 
by  R,  David,'  i-  renuirkable  for  the  variety  of  man  i  festal  ions,  tbe  icnj^th 
i>r  lime  that  elapsed  l>rfore  the  apjipaiTiiicc  of  the  sytiiptoiiiit,  and,  tn 
two  of  them,  the  severity  and  durati^in  of  the  illness,  Tiie  afflicted 
persons,  adult  mtanlwr*  of  one  family,  ate  on  Man-h  1!),  1SS8,  wonie 
mw  rwi  bprrings,  which  gave  off  odor  indicative  of  comnieiicinn  putre- 
itCtian.  Each  ale  (he  wime  amount,  a  whole  fish,  but  whether  each 
II»h  wiu«  eqiiaily  advanoeti  in  dccimijvw^ition  omnot.  of  t-ourse,  be  derer- 
mined,  and  the  differing  degrees  of  severity  of  effects  may  be  explained 

■  Fdinborxh  Medial  ■nil  i^uTaira]  .TnunMl,  1828,  XXIX.  -p.  »&. 

*  Voj-aee  lit  D'numrrv,  VoL  iV..  [■  4-'i, 

•  Dcntwhc  aMdiciniMOic  WofljMuelirift,  1899.  Sa  8. 
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by  uii<H]iinl  itijswplihility.  The  failicr  nnd  innlhcr  agwl,  rt-^iM-ttivflj, 
(J5  and  67  y«it>,  wiiffeix-)!  (past ;  tlin'  win,  aged  ^1,  vriis  altVcted  luore 
seriously ;  tbe  two  datighleis  prepienttd  iinuHimlly  severe  ami  conipli- 

CJlll'li    .iVTIl  (ill  nils. 

Tlie  fir-t  frti^cts  were  nuinifpstml  by  the  son,  who,  on  the  sroond  day, 
wiL-"  -■JM'izi'd  willi  III*.  i)f'  ttpjH'liu-,  di-Hnjiixtiitilf  criictatioiii^,  vomiting, 
(lijiirlitBii,  <iryiif*s  of  llic  thiiNii,  and  gviit'ral  wcafciios!*.  Oil  tlic  fol- 
lowing ikiy,  ho  wjih  better,  but  etxni  \n'<-umc  worw.  Diiirrli<r»  wjw 
folliiweil  by  fibNiimil^  (uiii>ti(Nition,  which  linully  yieldwl  to  cnrliartin^ 
Five  davB  later,  he  had  lUmiicss  of  r<ij:lit.  wliicli  nn^  liilliiwed  after  n 
wifk  by  (loubli-  vinimi  luul  ilillirnlT  tli'^-liitition.  Tlie  >^vniptoins  gradu- 
ally iibatcil,  and  on  Miiy  'JTtli  tliere  «a.-  dinlinot  ini(irovi-ment  i>f  iii^bt. 
On  June  2d  jrlji-ise.-*  wen?  hai-dly  nii-difl. 

The  mother  (irst  >iIiowiil  «yni|>toni!^  on  the  RMx  day,  when  iiaufiea, 
conKti]ution,  and  drynunn  of  the  ihnint  :i]i]ii-jir(il.  Scvcnd  diivs  lailcr 
nhe  iiiid  doiiliie  viit^ion  iiml  iliRienll  deghttition. 

The  fathurV  i^iKie  bt^n  on  llie  ninth  day  and  presented  simihir .lymp- 
toni.-*,  whieh  di.HapiKvirctl  in  six  w(vl*«. 

One  of  the  djuijchiers  wa"  neiKe<l  on  the  thirti  dav  with  had  taste  in 
the  mouth,  i^insliiuillon,  iind  drvne.v  of  llic  tliivnit,  fiillow«.-<l  in  six  duvi< 
by  diiuntw^  of  ncai-  vifiion,  then  by  double  vision,  panUysi>i  of  awxim- 
nxKlalion,  and  dilliinll  ^-wal lowint;.  As  wil-«  ihe  t-att'  with  the  niherK, 
the  teni|>enitiire.  eircniation ,  and  nriiie  remained  nomiul.  On  May  2d, 
thei-e  wan  <'<>nii>lete  inability  to  swallow  and  it  was  necessary  ti^i  intro- 
dnce  fiMHl  by  ni«in*  of  U  Klomiii'li-tulie,  There  vm*  I'lighl  \>Uv\» 
of  the  right  eye,  then  of  both;  the  vohi-  was  nas-jl  ;  the  gait  was 
iiflWrtwl  and  the  pulse  bi-eame  veri'  "inidl,  thongli  nnl  wry  nipid.  On 
May  9th,  bladder  symptoms,  whieh  liad  been  gradually  up[>«<ruig,  enl- 
niinated  in  piinilvsis  of  that  org«n,  mid  after  ihe  IGth,  ii  variety  lyf 
bladder  and  alMloniinal  ^vni|)tonis  ai'jH'ared.  In  tlie  firtit  ]jjirt  of 
July,  she  telt  iintipielely  well,  but  a  niontli  later  she  suftennl  a  slight 
relap!¥,  with  i'eu]ipearanee  of  er>nsti)>iition,  difhenlt  deglutition,  aad 
disturlianee  of  vision,  whieh  jMTsisteil  with  varying  intensity  into  Se|>- 
teinlxT.  Complete  recovery  did  not  uecnr  until  Oetolier,  iilmoi't  wvcfl 
mouths  after  the  initial  symptoms. 

The  other  daughter  firM  showed  symptoms  ufter  the  lajise  of  a 
week.  These  wt'ii?  in  the  maiu  like  those  of  her  sister,  hut  were  tnure 
seveiv  and  extensive.  She  iKgnii  In  impmvo  in  May,  and  then  ensued 
ulteni.-ile  improvcmnit  and  loss  of  ground.  Wtter  one  ilay  and  worse 
the  next.  On  the  15th,  there  was  ]inin  in  the  lell  hyi>ochondrinm  ;  on 
the  I7lh,  an  enipljon  like  that  of  x^iriet  fever  over  ihi- whole  body, 
with  Eilhnminnria.  hut  no  ca^ts.  On  the  U'th,  sewre  [win  in  the  loft 
hypm^houdrinm,  li^w  in  the  right,  and  tendenuws  hi  the  i^ion  of  the 
kidneys,  with  epi«IaxiB.  disap(waranec'  of  the  ni-ih,  -flight  desf|uiini!itton, 
and  imprfivwl  vision.  At  tin'  iiid  of  Mav,  the  albuminuria  and  [win 
ia  the  region  of  the  kidneys  had  nearly  dl-iTipiieurrd,  and  deghitition 
wg»  perfect.  On  June  2d,  heart  i-oraplications  ap])oareil,  whieb 
|iersist(il    iuto    N'ovcmlK-r,   when    liyjH-rtrophy   wiis    est  iib  I  is  bed.     Id 
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August,  after  a  general  improvement,  there  was  a  relai>se  like  that 
wluch  occurred  in  the  case  of  her  sifter.  Improvement  was  well 
FslablL'hed  in  October,  and  in  November  she  had  almotit  wholly 
recovered. 

Unrortiinatvly,  it  was  impossible  to  make  a  bacteriological  and  clicm- 
b1  eiamination  of  the  fish,  because  no  material  was  obtainable. 

Poisoniilg  by  Salmon. — Professor  Viiughun'  reports  the  following 
case:  "  K.,  a  very  vigoroas  num  of  34  years,  ate  freely  of  tsinned 
dmon.     Others  at  the  table  with  him  romarkcd  that  the  taste  of  the 
ralmnn  was  peculiar,  and  refniincd  from  eating  it.     Twelve  hours  lator, 
K.  b^n  to  sutTer  from  nuu.sea,  vomiting,  and  a  griping  jHiin  in  the 
abdomen.     Eighteen  hours  after  he  had  eaten  the  fish,  the  writer  saw 
iiim.    He  w:is  vomiting  small  quantitits  of  mucus,  colored  with  bile, 
al  fre<[nent   intervals.     Tlie  bowels  had  not  niovetl  and  the  griping 
|ain  omtinued.     He  was  covered  with  a  scarlatinous  rash  from  head  to 
foot.    His  pulse  was   140,  tem|>erature  10'2°  F.,  and  respiration  .shal- 
low and  irregular."    After  appropriate  treatment  he  begsm  to  improve. 
"The  next  tlay  the  rash  disap[)eared,  bnt  the  tem|M!rature  remained 
ahtive  the  normal  for  four  or  five  days,  aud  it  was  not  until  a  week 
liter  that  the  man  was  able  to  lesive  his  lioiise."     Vaughan  e.\amine«t 
the  .lalmon  and  found  a  micrococcus  present  in  great  nimibcrs.     This 
wiganisni,  grown  for  twenty  days  in  a  sterilized  ^g,  produced  a  most 
fotent  polwn.     The  white  became  thin,  watery,  and  nmrkedly  alkaline, 
aD(i  ten  dropci  sufficed  to  kill  white  nits. 

Poisoning  by  Oysters. — Case  I, — The  following  case,  which  ended 

fitally,  is  reported  by  Brosch.'     An  officer  ate  a  number  of  oysters 

%0K-anI  midnight,  and  within  6  hours  was  seized  with  headache,  pain 

£a  the  side,  nausea,  dimness  of  sight,  difficult  deglutition,  retention  of 

*jrine,  and  salivation.     Toward  noon,  right  faciid  paralyses,  dihttjition 

•3f  the  right  pupil,  and  thickness  of  speech  appeared,  followed  shortly 

fcy  cyanosis,  ptosis  of  the  right  eyelid,  great  muscular  relaxation,  and 

(nralysia  of  respiration.     Autopsy  revealetl  punctiform  eechymoses  in 

"^irwious  parts,  enlargement  of  the  spleen,  and  fatty  d^eneration  of  the 

liver  and  kidneys. 

Case  II. — Another  fetal  case  is  recorded  by  Ca.sey  :*  "  H.  P.,  about 

^2  years  of  age,  ate  8  oysters  for  supper,  remarking  at  the  time  that 

»«e  of  them  was  bad.     Others  of  the  same  lot  appeared  to  be  quite 

fiwh  and  were  eaten  by  other  persoas  with  impunity.      Symptoms  of 

i      (MHWoing  bt^n  about  12—14  hours  later,  witli  pikin  in  the  iMick,  arntn 

■      followed  by  violent  pains  in  the  stomach,  frequent  vomiting,  and  intense 

^    thirst.     The  bowels  did  not  act.     These  symptoms  continued  until  the 

■    Allowing  morning,  when  the  pnl.'<e,  which  had  been  small  and  quick, 

'  ^    Wme  almost  imperceptible,  the  fingers  shrunken,  the  nails  blue.    The 

''■^ioe  was  at  that  time  dark  and  swollen,  and  swallowing  difiicult. 

ntm  were  occasional  spasms  of  the  arms.     A   little  later,  the  jaw 

'  Ptonuint,  Leucomainii,  ToiinH,  nni\  AniitoitioK,  1896,  p.  56. 
'  Wiener  klinische  WochenBchrifl,  1S!I6,  Xo.  13. 
■  Brituh  Hedic^  Jounul,  Marcli  .'S,  \mi,  p.  463. 


bci<nm4-  act,  himI  itoon,  nfUT  n  liucMen  rtmjgflo  fur  breath,  lie  iltnl,  41 
hours  after  eating  the  ovflt^r*.  At  th<-  i>iM-ninrt(-ni  cxuiiiiiuiti'iii,  iIm- 
Iwiirt  wiw  RkidiI  til  \k-  v«tj'  »mft  iiml  ixliixdl  oiwl  (vnluimt)  DiihI  liltnd. 
Tlie  ki'lncvB  and  Hplcen  werp  also  vcrj'  soft  und  ctmgeelcd  ;  U»  iitutnndi 
empty  simI  <I:irkl_v  <>ntig«tt«tl ;  tlie  jK^lnuc-iiiii  wit8  Uiiclcly  i^iMlded  nHtli 
ftt-ckn  <>r  IvrniJi." 

Poisoning  by  Veal. — Ikiver '  report**  Hw  following  ra»-  of  scjctiij}!^ 
|Kii.->itiiii;;  liy  viiil.  The  ]K-r«>ii(i  Nllt'>(.-tMl  were  menihers  of  <iiir 
hiiiiKclioltl,  awl  r;iiig4>d  widely  in  point  of  agt>,  tlu*  ymmfuwi  liciiig 
cliildrt-n  of  '-i  niid  t>  y<«ir<.  Tho  -vniptnini'  appeared  in  tlie  nigbl, 
hIhhii  6  h>nm  iiftcr  the  f'Nxl  wnt^  taken,  and  \iejcan  witli  votnitin);  luid 
violent  oilic.  In  the  morning,  nil  had  int<-its<'  piMrii-  imlaliitity,  coated 
tonf^e,  |uiin  on  ]iiTWfitrv,  e:>]nviaUy  in  tlie  r^^ht  iliae  foPMi,  ninddin);, 
alight  tympanites  and  »«nty  urine.  The  cook  had  nmrkuUy  dilatul 
))n|itl.'<,  a  .■^■ii.otion  of  ciiffiwition,  eonrtriction  and  dnnws  of  the 
throat,  and  iriteiiPK!  MitTiision  of  the  faw,  'Hie  i-Iiild  oJ'  B  luic)  <(ilatfd 
pujiiU  and  (IL-liirhaiiii-  of  vision.  »n<l  linally  pain  and  .vtitTnew^  of  the 
inn»cl*w  of  llic  neek.  Tlif  yonnger  of  the  tw'o  eliildn-n  and  llw*  iaoUkt 
were  affeet«l  Iitw  thun  the  (ith(T!«,  and  ina(k-  a  more  ni[»ii  reo«n-«rr. 
The  etinnilK-nnaid  had  at  liivt  »  certain  degree  of  aggmvalinn  of  syni|k- 
lonii-,  with  a  tendeney  to  i*yneop<'  nnd  great  iiiUM-uUr  wudcmr?',  which 
latter  e(riet«  wen-  marked  mIm*  in  the  csiie  of  the  o-ok,  win-  i-nntiniied 
for  some  time  to  Im?  troubled  by  dilatation  of  the  pnjiilK  and  rliflnrbtxl 
visiiiii.  At  the  on'I  of  innc  <liiyn.  then-  wa*  no  evJdeiue  of  danger,  and 
the  two  miwt  severely  atTected  were  well  on  the  way  to  tcoovery. 

I  Unfortunately,  no  liaeteriohigicfil  examination  wa#  made  cither  of  the 
nicnt  or  the  diwlinr^^-s,  bnt  the  nature  of  tlie  (ivniptoQU)  leavet«  no  room 
for  doubt  as  to  their  eauw. 

V'AHF,  II. — Dr".  Wilkinwn,*  AMhton,  and  Durham  have  recorded  an 
extensive  outbreak  of  poiwining  due  to  imix-rfectly  cooked  vi^mI  jiies, 
All  the  e!i.-(w,  over  llfly  in  ntindier,  pr»'j'i-nt<Hl  veiy  similar  Ei>-in[>- 
lom«,  the  chief  of  whieb  were  wvcre  and  nntviutndlulile  vomiting  nnd 
diarrhfea,  aeeoin|Kmie<l  ni  (irNt  by  shivering,  and  tblluweil  by  coUajMe. 
Ill  Mtnie  there  were  violent  alxlominnl  ]Hiinft,  and  in  »everal  the  abik^ 
men  was  Hwolleii  and  tender.  Many  had  fievere  ]iains  in  the  liaek.  The 
fiymptomf*  Ik^ui  in  from  5  to  14  honrf  aller  witing,  and,  a-H  a  rule, 
wi-i-e  wvere  from  the  start.  The  niotii>nB  wen'  first  gnuw-green,  tliea 
dark  gr»fn,  and  highly  offen-'ive.  Tiic  ^verity  ol'  tlie  diarrbom  tn- 
crntiwtl  on  the  swwtid  day ;  one  patient  wa*  puiyed  40  or  more  titnee 
in  a  Hingle  day.  In  very  few  cniwts  the  dtjectji  uonlJUDed  u  IJttJe 
blow!. 

In  the  worst  caeefi,  the  ixitienlri  bei-aine  rM>nii-eomato«',  nvllw*,  aod 
deliHoun  in  the  course  of  a  tew  hours.  Oecasionally,  theiv  wen-  dii»- 
turlmiieiM  of  viwou,  whi<th  tasted  until  the  tem|H>mtur«>,  which  ninged 
fnmi  1110°  in  themilde»it  to  10^.')='  K.  in  tlio  w^'vercet  case)',  became  iror- 
mal.    The  puUe  wa,^  very  rapid,  weak,  and  dicrotie.    Many  of  the  pa- 

■  I-vnn  mAli.-iil.  Mnv  U,  tHW. 

<  PiibUc  Iluillb,  January,  IHW,  and  BrlUdi  Medicnl  Joiimul,  Dvc«iutH>r  IT,  ISflg, 
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noibfwepe  markedly  cyanotic  and  had  more  or  l&ss  difficulty  in  brenth- 
ing.  Some  bad  cramps,  and  nearly  all  bad  muscular  pain  and  stiffness. 
In  VHv  many  cases,  herpes  appeared  alxmt  tbe  lips  on  the  third  to 
the  iiith  day,  and  some  hjid  a  rash  followed  by  dewquamation.  Coii- 
viltw^ce  ill  tbe  severe  cases  wsls  prolonged ;  some  were  still  weak 
after  three  and  a  half  montlis.  Four  cases  terminated  tiitally,  and  in 
two  of  these,  autopsies  were  secured.  The  brain  surface  showed  slight 
congestion ;  tbe  fmall  intestines  showed  congested  i>atches,  which  be- 
came brger  and  more  numerous  lower  down,  and  did  not  correspond 
with  Fever's  jntches.  Tbe  whole  lower  third  was  highly  ef>ngest<xl, 
»nd  contained  yellow  diarrb(cic  fluid.  Othenvise  tbe  organs  of  the 
body  were  in  a  fairly  healthy  condition. 

Investigation  of  the  cau.se  of  tbe  outbreak  yielded  the  following 
6rt8:  On  July  26tb,  an  apparently  beuUhy  calf  was  slaugbterwi, 
lod  two  days  later  tbe  fore  quarter  and  breast  were ,  delivered  to  a 
baker,  who  made  the  meat  into  the  pies  wbicb  were  shown  to  liave  been 
the  cause  of  the  outbreak.  Other  portions  of  tbe  animal  were  sold  to 
othere,  who  made  pies  which  caused  no  trouble.  A  portion  of  a  knuckle 
end,  which  was  in  the  possession  of  tbe  butf^ber  when  the  investigation 
wa.*  bc^n,  was  to  all  appearances  perfectly  good. 

The  baker  to  whom  the  trouble  was  traced  made,  on  tbe  day  he 
received  tbe  meat,  160  veal  pies  and  108  pork  pies.  The  pastrj'  was 
the  same  for  tbe  entire  lot,  and  both  kinds  wore  treated  to  the  same 
lot  of  jelly,  which  was  made  by  boiling  tbe  veal  bones  with  two  pigf*'- 
ftet  in  4  quarts  of  water.  Inasmuch  as  tbe  pork  pies  caused  no 
disturbance  of  any  kind,  no  responsibility  could  be  attached  to  tbe 
paltry  or  to  the  jelly.  The  veal  pies  were  baked  in  not  less  than  3 
nor  more  than  5  batches,  hence  the  batches  would  have  included  about 
32,  42,  or  5.5  pies.  The  time  occupied  in  baking  each  batch  was  said 
to  have  been  about  20  minutes.  The  number  of  persons  affected  was 
over  50  and  as  in  some  cases  single  pies  were  shared  by  2,  3,  and  4 
persons,  it  is  obvious  that  less  than  50  pies  caused  all  the  trouble. 
Since  no  other  parts  of  the  animal  caused  any  sickness,  there  can  be 
BO  doubt  that  the  contamination  of  tbe  meat  occurred  after  the  sale  and 
delivery. 

A<!cording  to  the  findings  of  Br.  Durham,  based  on  a  study  of  tbe 
Mood  of  a  number  of  tbe  patients  as  to  the  behavior  of  tbe  w^rum 
when  tested  for  clumping  properties  with  various  micro-organisms, 
with  controk  of  senun  from  normal  persons,  tbe  outbreak  was  due  to 
B.  enffrUidit.  This  limitation  of  tbe  inquiry  was  necessitated  by  tbe 
btt.  that  it  was  impossible  to  secure  either  one  of  tbe  pies,  or  part 
of  one,  or  any  of  the  first  vomitings.  Tbe  conclusion  arrived  at, 
strengthened  by  tbe  fact  that  all  4  fatal  cases  were  from  pies  which 
were  2  or  more  days  old  when  eaten,  which  jwriod  allowwl  enormous 
mnlti plication,  makes  most  prol>able  the  further  conclusion  that  one 
whole  batch  was  cooked  so  insufficiently  as  to  preclude  tiK-  killing  of 
th«  organisms,  which,  according  to  Basenau,  cannot  survive  exposuR' 
6>r  1  minute  to  a  temperature  of  70°  C. 
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Poisoning  by  Pork. — C'ark  T. — Mvmiitli  Youii); '  rct3»rtl»  a  91 
of  ]ii>rk-|H>ir'i>iitnK  in  wliicli  h  jht»iiii>i  were  afiwtt-il.     Tbo  otTLiuIiiiM 
meat    wa.H   tlirepHjimrii-r^  <>t'  u   jm^iiikI  ol"   "  |ii;i'"  rliivk,"    wliicli    wi«" 
Mitt'ti  lit  Imlf-iKct  iMiir  ill  \\w  ulWmoun,  lietx^ecn  whinh  linit-  niii)  tliL> 
oiiBL't  iif  Bymptiiiii^  iiothiiijk'  else  wax  cnteii.    On  tlw"  fiiHnwiiifj  ntorniii^, 
Mr.    A.    wiiw    ■^■\f.n\    T<iiil(lt'iilv    wilti    vomitin;;,    |mrj^iii|i.    hik)    i^wre 
tilnliiiiiiniil  (min,  iiiul  cliortly  nflerwunl  Iiec«me  very  feveri.-.li  .iik]  weuk, 
aixl    htitfcrecl    fnini    revert-   frniitiil    liciulticlie.     Hix    wife    bad    M-\'<-reH 
iilxloiiiinal  iKiiii,  niid  towuni  nu<m  wuf  f'trungly  piirgeil.     .Sht'  i<titrcrf(l  I 
niiu>-cu,  rettlieil,  Init  cimld  mit  vomit,  liitil  levvr  unit  [Hi't-rr  liendiu-lie, 
an<i  wan  iniK-li  rncni-  {irtiMiiititl   uiiil  tiKtk  mtirf  time   to    ivi-ovcr  tliaii 
ht-r  IniKbiiiiil.    Shi-  wiis  itniible  to  ingei^t  fmA  fur  :i  fliivis.    TIic  daughter  J 
was  taken  ftifik  at  tin-  Siiim-  time  tun!  with  the  witne  symptimis  tlHXigh  ■ 
I«w  80vi.'n;ly.     HtT  cliicf  symptum  was  an  (iver|>i)W«'riiig-  torHieinn'  to 
sleep,     A  fourth  j>ers«iii,  who  iitc  Ixit  little  iik  r(ini|Hire<i  with  theani.iiinis 
iiij^wtiMl  iiy  tile  otiii'ii',  wiiK  pnr^eil  -iligliily,  Imt  Piifleriii^;  iiolhin^  more. 
The  ivmuiuin;;  nienilRT  shnwt-d  no  efUvls  until  »iiirin(f  the  w\.ijn(l  iiiglit. 
On  the  following  nioriiiri^^  i-he  was  teverish,  liati  wven-  hea'liiehe  niid 
iibiliitniiuil   piiiii,  and  ittehed  unflu<'<'£*»fully.     I*in^iig  did   nwt  occur 
until    the  nlhrnom.      .\.-  wili   the  fxw  with   ihr  dsuiKliter,  the  ijicirt 
]>n>tiiiiieiit  M'Miploni  iifter  the  on^'t  wa?*  tt>)nunilen('e.      Hiysivi-w  f"l- 
lowed   ill  every  ease.      Investi^ition  !'!iiiwe<l  tlnU  the  eliceki'  luid  b«« 
KMiked  2  <layK  Wfore,  and  had  heen  placed  toother  to  eool  mid  "scL" 
It  wa»  estimattnl  thiit  heiw«-n   ■')()  nnd  fiO  pcri^ns  IiikI  jiiin-huHdof 
tJiem,  hut  all  liiit  a  email  |im|Kir)ion  were  unknown  to  the  wller,  uiiJ 
so  lilt  syrteiimtie  iinjiiin^  imuKI  lie  made.     Only  4  e«iuld  Im-  ti.lliiH(|fl 
up,  nnd  2  of  thew  ivpiirteil   no  tniiililc  ;  a   third   was  made  sevcrrl]' 
sick  and   Io.st  2  days'  work,  and  the  fourth,  after  eating,  dniuk  « 
niiieh  Im'it  that  he  was  matU-  fii'k  and  kwt  il  iiH  by  vuniilint;,  aiHl  yrt 
wat  aRW-teil  like  Hie  others,  but  not  ho  aetively.      It  wibi  iiii|MWible  to 
proi'ure  any  of  tin-  iiienl  or  voniitol  iiinttcr  or  dejections  ll.r  liiirlerii>- 
lo^iail  e\umina(iuti. 

Cank   11. — At  the  Seventh  Inti-itiational  Medieal  CVnigrt*!*,  held  in, 
t^ondon,   in    lf*f<l,   Bedliinl '    rtwd   W-lon'    the  mvtion  on  State    M 
cine  an  aceoimt  of  a  very  serious  outbreak,  now  geiierallv  known 
till"  "  Welliii'k  nise."     Thi.-<  involveil  72  |>ei>ons,  wlio  iit1i-n<le<l  t\  m\ 
of  timber  a»<I  miiehinery  on  the  estate  of  the  Duke  of  Purtbind  at  \Wl 
Invk,  which  lantinl  from  Tnt^^day,  June   l-l,  ISKO,  thr«ugh  the  week. 
lttfi"whi»entj'  were  scrvwi   by  the  keeper  o^  a  public  hotisc,  utd  umon 
the  ailieles   funiished  were  wven  liamfl,  to  which  the  entire   liimbl 
wiw  tnii-«il.      While  many  complaiutfi  weri-  nwule  that  the  bam  was  n< 
wiftieieiitly  C(Kiked,  tliut  the  6it  was  yellowish  or  j^retaiish,  that  it  wai 
too  salt,  that  it  ■'  ta-iltxl  i[U*-er,"  »n<l  that  it  had  no  inie  flavor  of  han 
nuuiy  niwie  no  ■'oniplniut,  and  no  one  said  tluit  it  wan  tainted.    Of  the  7 
persons  seized,  4  di«I.     'lite  hUtory  of  .'t  of  the-^e  foUowp : 

1.   W.   \\.,   aged    (>■!,    uu-   bum   on  WeUnewlay   and   Friday, 

•  PnUfo  H«ftU),  JuM,  3890. 

*  Siipp1«tanu  Ui  lOtb  Anniul  Kcport  of  Ihc  \joa\  0«VMnm«nt  Board.  1881,  p.  3ft 


CASES  ILLVSTBATIVB  OF  POISOSISG  BY  FISH  AXD  MEAT.     67 


'imt  Mfiznl  on  tViilNy  night,  wln-n  !)(■  i'(iiii]>laiii(>il  nf  fi^'linj;  mid.  On 
Snliinkiy  mornin];]  W  ate  but  liitle  anil  vai<l  hi'  iuIki)  iill  over.  In  tbe 
eoniNt-  of  ihr  iLiv,  ht-  -iitforrtl  t'iMrii  voiiiUiuji:  ami  (liarrliosi,  with  wvcre 

'piiu  ami  eraiHi»ti  in  tlic  k'ps.  Tlif  ivjirimti"n»  wci-v  i'M'<itliiit;I_v  hIVcti- 
jdvu  iuhI  wi-re  jias.-*<i  iiivoliiutarily.  The  puUe  was  IS^*;  tetnjx'niture 
not  taken.  On  MomLiy,  he  iK-^tn  In  iy>IIii[iH-,  and  on  Friday,  he  diiil. 
Tlic  |Hi.-i-ruiirl4^iu  oxaininatiun  iwcaled  littk-  that  n'a»  noteworthy,  lint 
nucitMcopic-  (^'xaminiili'in  of  ih*-  kidney--^  hIkiwiiI  [imviu-hyniaEou-  iiiHam- 
m&tiaa,  and  dinienliou  un<l  ]>liigj;iii;;;  of  the  iillen-nt  uncriiik'H  uiid  »ipil- 
Urio"  of  (lie  Malpi^liijiii  i-iirjHi.-nJw  l>y  emboli  of  Iwieilli, 

2.  Mrs,  L-,  aged  lilJ,  ate  iwnic  wmiw  of  thi-  lijuti  i>n  Wedtuw- 
dny,  and  wan  wiwil  on  KricLiy  with  fainlnef«i,  diarrhtea,  vomitinf;,  and 
alxi'-minal  pain.  On  the  followin-;  <inv  "lie  ti-ll  inio  ii  Male  of  eij||(i|iM', 
and  oil  (lie  (iillou'ing  Tiif^-xUiv  hIk-  <lietl.  The  iniieous  nieinbraiie  of  the 
•tiTniaeh  atwl  intB-tiiitvt  WBf  hifjltly  (<ong(?<t(il  ;  othcrwiw  the  •utopi*y 
|m-*aled  ntitUii^^  abnormal. 

3.  Mr.  S.,  ii-n^l  ;t7,  ai«  f<)ur  wuidwinht-x  on   ThurMlay.     In    the 

tvraio^  he  vomited,  and    (ti;nTli<e!i    lic^ni.      In  the  mominp    of  the 

lollowiii}!  itay,  he  (iimpliiiiii'il  uf  bnniing  puin  in  thi-  lower  part  of  the 

■Uomcn.     The  vomiting  ami   piii^in^  ttonlinncd.     Tlioii^h  eold  iind 

ulaaoiy  to  tJie  loneh,  he  complainwl  that  he  was  "all  on  fii-e,"    He  had 

amp  in  llic  IcfW  wni  wsw  very  rot!c-v».      Hi.-!  mirKl  iviu*  rimr  to  llic 

Wl     Tbe  ■tw'liarifffi  were,  at  firbt,  watery  and  oflensive,  and  later  were 

hA.  (ntvii  in  eolor.     He  whh  very  lliir.-'ty  and  rlrank  fn-ely  of  wikT. 

Hi-  died  on  the  folk>wiiig  Friday,     Only  a  partial  autopsy  was  made. 

Thl-  r«vmUil  hright-rcil  jiatchc^  on  the  mneo^ii  of  the  ntonmeh. 

'IliB  period  of  ineubalion  it'aA  a^-enralely  deCeriiiine4l  in  51  eafie)*;  in 
I  it  was  12  Iwmt^  or  lexs,  in  ;M  it  was  between  3ll  and  48,  anil  in  -1 
it  racceded  48  tiour*.  In  many  cises  tlie  onset  wu*  sudden,  and  in 
*b<»  it  was  preceded  by  greater  or  l«ss  indi-'iiMxitiou.  The  mont  ocm- 
*iit  f>ymp(om  wa«  dinrrhira.  "  In  about  a  thirl  of  the  euws  the  fiM 
Mnitesvmptom  wtus  a  »en^  of  ehilliness,  usually  with  rijiors  or  twml>- 
lilg  ill  one  aw  iKi-(tiii|utiiie<l  by  dyispnri'ii ;  in  a  lew  easit^  it  wuh  fifiil- 
wifiW  witb  &intnes$,  !T*.imetime«  aecomjjaJiieil  by  a  eold  sweat  and 
toncring ;  in  otliers  the  lirnt  rtyniptom  \f»!t  hmdnche  tir  ]uitn  .somewlierp 
•  Ifcr  Inink  of  the  biKty,  f.  g.,  in  the  chest,  l>aek,  between  the  tiltoulders, 
w  in  the  abdomen,  to  whioh  part  the  jmin,  where\'er  il  iiii^ht  hii\'e  eoni- 
i>ea««l,  >l^ll^^1plenlly  exlen<led. 

"  In  one  ease  the  first  symptom  noticed  was  a  difficulty  in  swallow- 
i^  In  two  \tu>*!»  it  wa»  iiitvuKV  thin-t-  iliit,  liowovwr  tJu-  altnck  may 
We  OHnmenced,  it  Wfu-  ibiually  not  Ion;;  liefore  pain  in  the  abdomen, 
ifairbua,  and  voniiiing  came  on,  diarrho'.-i  being  of  more  certain  ix-enr- 
iWKv  tlum  vmniliiifi.  Tlie  iwiiii  in  n^'vcr.il  cawK  c(ininniieed  in  the  ehot 
"■T  hrtween  the  shoulders,  and  extemled  Jirst  to  the  upjKT  and  tlien  to 
4ie  lower  ]wrt  of  tlw  ulidoiiM'n.  It  wu^  ii.'<unlly  very  »e\'cre  iiKlMnJ, 
'|«irkly  produoiiip;  prostration  or  faiiUne»s  witli  eold  sweats.  It  wat 
i-uiMi»ty  d4»i-rilH<«l  as  '  eranipy,'  '  burning,'  '  trtiring,"  et<'. 
"  The  diarriHBul  diiwhttrgei  were  in  »ome  cumw  quite  unrest niinuble, 
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and  (where  ii  (Jcwription  uf  llit-ni  (k>uI<1  Ik-  (iJjtniiKil)  were  aiiti  to  have  i 
Ih'1'11  cxi-iiitinfily  i)fli'nfiv»?,  and  usually  of  a  dark  «>li>r.  MiiM'nlar' 
^vl'llliTl■'.'o  tv:i>  mi  c'lrly  aiul  vcrv  ivinitrkiililc  nviiijiloii)  in  iiuirlv  iil] 
(vifit-ft,  1111(1  ill  iimiiy  it  »':i8  so  gn^at  that  the  |Ki[iutit  o>ulil  uiily  t^and  hy 
licilitiii}^  on  ut  .siiUK'ihiii^.  II(;iidaolic,  Miine(imt«  i«verc,  wju>  ii  rt>iiiiiKiii 
aud  curly  Hymptom  ;  tu  most  vuhk»  thctv  was  thinct,  oflon  intpufic  bm! 
must  JiBtrc-xiiiig.  The  ti>nj:iu\  whcii  tibscn-pd,  was  dcfMrrilic-d  lu-^uaUy  as 
Ihiclily  oNitiil  with  u  hmwii  vrlvi-ty  fur,  hut  red  ut  tlit-  ti]i  iind  wlp-*. 

"  III  the  early  slagt,  the  wkin  was  often  eoltl  to  the  touch,  but  afier- 
ward  miiin'  (ever  vvl  in,  llie  tviniK-mtiile  arii'iiii;  in  ^mw  imm'  U>  101*, 
103",  and  104°  F.  In  a  few  eevere  eases  where  the  skin  was  aettialk 
ojhl,  tiic  |Mttient  niin)iliiin(*il  of  hi*iit,  liiMMctl  i>u  timiwin};  off  tlu-  Ik^> 
flothea,  and  wil^  very  rcwtles*.  The  \niUc  in  the  hei|;ht  of  the  i!lne» 
Ixsinni^  (|iiii'k,  etiiiiilinfr  in  Mmu-  fast---*    KM)  tii   )2S. 

*'  The  above  were  the  >yniptj>mH  most  fn-tiucntly  noted.  Othrr 
^ynI[ltrtnls  (H^-nrred,  hoMover,  Mime  in  a  few  case^  and  some  in  oily 
cwlilary  «i«es.  Tliesc  I  nnvi  proeeed  tn  eiiitini-nile.  Kxix^wive  )'wnl^ 
injj,  erjnijis  in  the  le^,  or  in  l>oth  leps  and  arnui ;  eonviilfiive  fle\Min  of 
till-  hiindN  ;  :icliiii^  piiin  in  tlie  ^ihnnldctN,  jointj^,  or  i-xtii'tiiili^s  ;  a  Hti!* 
of  Htifiue't^  of  the  jointti ;  prickling  or  tingling  or  uuiiihnei^  of  the  liandts 
hinting  far  into  conviili-.^ottiiec  in  some  caw»» ;  a  sense  of  gvnend  cotn- 
[irf'ssion  iif  the  i^kin,  tlrtjwsincs.",  hulluctiintiuii!-,  ini|)erfe<iioii  of  vUioii, 
and  intolerance  of  linlit. 

"  In  three  cu^e-''  (one  thai  of  ii  niediciil  niiin)  there  was  olwrvcd 
yellowness  of  the  skin,  either  gener:il  or  confined  to  the  faw?  and  eyes. 
In  one  caiw,  at  n  late  stjige  of  the  illness,  tlicw  wim  s<iaie  ]mln»onat^' 
congestion,  and  an  attack  of  what  was  regarded  af  gout.  In  the  &tal 
onMw  dcjil.li  wnN  piw<tle<l  by  ciilla|i.it-  tiki-  that  of  rholera,  eoldntss  uf 
tlie  «iirface,  ])inehed  feature*  ami  hlueriess  of  the  fnigei%  and  t«c»,  and 
around  the  snnki-n  eyo.  The  debility  of  eonval<«cence  was  in  nearly  _ 
all  eases  ]irotnietetl  t'>  i*evenil  ivwki?.  I 

"  The  mildest  cases  wei-e  ehanieterizod  usually  by  little  remarkable 
bevond  the  fullowiiig  sviniitoinn,  vie,  alxrkiniinal  Julius,  vomiting,  diar- 
h(ea,  thirst,  heatliictie,  and  muscular  weakne^  any  one  or  two  of  which  M 
might  he  abneiit."  ■ 

Invi»tig!ttion  of  the  hiitn^  showeil  abwuw  ()f  tnehinn  and  the  pns*- 
«nco  of  a  bacillus,  wliieh  on  inociikition  iato  animals  wao  found  in  most , 
CUMTS  to  produce  a  ])neiuiKiniii. 

The  pi-riod  of  incubation  indicates  that  lu  these  eases  there  w»a  a  I 
tnie  baetcrial  initiation. 

Cake  111. — Another  epidemic  investigated   hy  Ballard'   uivolvedi 
a   far    greater    number    of    ]K'rrtt)UK    aii<l    had    an     unusnid     atlcudaiit 
mortjility.  nearly  500  jienH^itis  out  ot  a  population  of  about   lOU.OOO 
(MiildK'-''brfnigh)  dying  during  the  year  of  a  peculiar  form  of  pleuro-] 
[HI  en  mi  HI  ia. 

The  cause  of  this  remarkable  epidemic  was  proved  to  be  the  oaa-i 
suniptlon  nf  whiil  wiu>  known  ax  "American  baeou,"  a  fotnl  pnidnet 
> Sii]>f>kaicnl  to  IHlh  Anniul  lt4:|inri  nT  the  IamsI  Gnveminoiit  Itoon),  ISSil,  jx  108^ 
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Kirvl  I'ntin  iiiifwirtftl  »«h  pork  »t  n  iiiitDhcr  ■>('  Kk^iI  tT^UibllslinictiU 
idufteit  uoder  mo^t  iiii«inilur\'  (sjutUiions,  Twenty  Nuiiplort  of 
ittm,  ximi*  iibtiiiiii-*!  iit  hIhi^k*  iiikI  smnc  iit  llii'  himics  of  vicl!m:>, 
ere  examined,  an'l  fourteen  were  found  lo  bo  dislinclly  putsonuu-s  ti> 
iiiuil<  Till'  leAif)!!.-  ili.icnvenil  in  l)ii-  <l<-ii<)  iiniiuiiU  wcri'  nf  llic  Hinni- 
ture  and  estent  ol'  tho'^  in  the  (ir^ni!-  of  lln-  [vi'KoUfi  who  lutd  died. 
bt»^>  in<-hidnl  <h^triiRti\'e  c^luin^?i  in  all  thi*  |trinci]inl  vir-icni,  aiitl 
morr  psinkidnrly  in  the  Innps.  Dr.  Klein  dift-overttl  in  the  hin<r  a 
fhort  iiaeillun  which  hud  nevt-r  befon-  \iecn  dc^^cribed.  Inocnltilion 
expcrinienl!?  on  unimuU  pnHlncHl  result's  ideutictd  with  tluiw  folliiwiiijj 
Ctcdin)^  esperimenL'i  with  the  so-e;ilI«i  bawn. 

Cahr   IV. — A    reniarltjilile  oiitbn-jdf    dnc  to   luw  liie-kli-d  luiin  Im.* 

Wn  reeord«I  by  Van  Krnienjteni '  aiwl  rarefidly  inv«iti)pittil  by  hini- 

(irff  und  iitliiMs.      More  ihiiii   Iweiilv  im-tnlH'iN  "f  a  niu-Hiiiil  sneicty  ut 

ElW^lles,  in  Bcl}puni,  were  !M?ized  with  serious  illness  after  eating  the 

greater  part  of  ii  niw  pieklod  bam  ;  lliiw  diwl  within  a  week,  and  leu 

hx  iu  a  ertti<^ul  (.-ondition.     Other  (mrt**  of  the  miinuil   fiviii  the  r«ujie 

{■cfclin^;  tub  win-  iiiten  in  ti  raw  sljitt-  witlimit  ill  eflwt?',  and  pieei-s  of 

lie  imrtHiihir  ham  had  Ikvu  eonpumeil  a  wliort  time  lR-f«ire,  aisn  without 

ill  effee^.    Only  tlioiie  persnnn  who  ate  of  ihe  ham  were  seized  with  the 

vwy  fitviitiiir  tmin  "f  >ympt"m»  ivmilwl.      Most  of  ibom  wi-iv  .-"eizod 

in  fium  iO  to  24  iiouns  'i  ui  leiv^  tlian  that  time,  and  a  few  us  late  iui 

-W  hiHir^  after  wiiiiiji. 

The  fir>t  !>ytnptonvi  were  gastrio  paiti,  naui*a,  und  vomiting  of  un- 
lEgMed  food  and  j^^latlnoni'  bliK-ki^-li  malu-iv.  In.-^uid  iif  diarrlm'w, 
wnkili  OCR-  would  espeet,  there  w.m  oliBtinate  conrtipatinn  in  all  but 
'2 cues,  and  the  firrt.  dejoeliiiri-i,  wiili  or  without  isitlmrlic.i,  wnv  bliirk 
•od  vi.-x-id.  In  i-very  ease,  in  fnmi  -'{It  to  iH  houni.  there  were  pi-o- 
feniiil  distnH)unM>^  of  viwou — iiniplKHliplopia,  inarkivl  dtlaiiilion  of  th« 
pupils,  with  aliM-jii:!'  of  rtnerion  to  Hffht,  |ito»i»  of  Iwth  lids,  aind  u 
fmiliur  lixecl  i»tare.  There  was  Iturnin);  ibioil  with  a  .■'tninglind  senwa- 
t»Mi  in  the  tlirrKiI.  S^vallowin;.'.  even  of  liijniilN,  w:i.s  <lilli('ii1t  nv  !ni|ios- 
4lilc,iind  evcrj'  altempt  \xi\a  aei'oniiwnied  by  ■■hokinp. 

In  some  inhfmoos,  tlu>  ^iliva  wim  .-uj>pre.s»i-d  inid  the  mn(<iiut<  mem- 
OBiic  dn-  and  gliL-wy.  Tlie  voice  wjijt  wejik,  and  with  Sfine  theii-  wiw 
litJ  npbotii:!.  Ovturia  aiifl  aniiriu  wi're  etinimon.  There  waf  but 
liule  di-4tur4)cmoe  of  rp!«pinilicin  and  ein-iiliilSou  ;  the  [iiilsc  inver  ixaieheil 
iT(T  iin,  r<t<|i!nil!<iii  wiis  <)uiet,  lempcititurc  nornial.  t'onj^eioujinefis  and 
KiirmI  ■sensibility  remaini.-d  uniinpiiin-<i  thnnifrhoul,  ex<i-pt  in  llw  fiila! 
ii«i,  iu  whieh  alone,  i^-ventl  1iout»  Ijefore  ileatli,  theme  oecurn-d  colIaiJi*e, 
ippinzi,  small  irregular  pnW,  lijrht  iltlirinni,  and  ennia. 

There  wiis  olMtinat<>  iris'tmriia  in  iiuiiiy,  (Inrin;;  tin-  lirM  jioriod.  Th« 
nnvmiiii^  ainl  trunk  mutielcd  ^Imwtd  neither  e-miplcte  [mndysi*  nor 
aiwj»hy,  hut  there  was  jirtni  jn-nerwl  muscular  wi-aknt-.-*^,  and  .-lijfht 
UKA'ementi)  enuM-d  extreme  fUtifrne,  Aiier  two  or  three  wwk*,  the  eye 
ntnptotibi  hiTpm  to  improve.  The  dilated  pupiU  enntraeled,  the  eloiidi- 
Mm  disappeai-ed,  and  the  lmlf-[>iindyxe<)  eyelids  rcpiini-d  their  power. 
■ZdtH'Krift  nir  Ityfivno  iiml  Iiif«eiiun»kiaiik1icll'>n,  XXVI.,  p.  I. 
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Diplopia  (iiKippwinsl  only  wbc«  bulh  eyee  w<?re  fixed  laterally.     Par-1 


al 


ndatioii  lii^ttil  a  Ii>iik  time  after  tlip  tl 


uriill 


jH-aranw 
n-tiirii  iiiiiil  iitUr  "is 


oi  aM'iiiiinii 
ihr  iitluT  :^-iii|i(i>iiis,  mill  nuniijil  vUimi  tiiti  not 
t<>  pt^ht  montliri.  M 

Aii[i»|wy  in  two  «irt»  »)ii>witl  iiu  i-luinu^Cvrixtif-  oti»i)^»  in  iIk-  orpins,  ' 
(luly  cxIcDi^ive  liy]H>r»-n]iH  of  th«  kiducv!'.  liver,  aixl  tncniogcs  and 
sofii-nintr  anil  iiniiMmt  friaMliry  oi'  tin-  nioriiai-li  wall.-,  in  on^",  (In-  li\^^ 
cliowifl  niitrknl  il<'fii.iii.'ttninii,  ami  tXw  Imiiii  [>Hm-titVirm  iK-nwirrliup-^  | 
Neither  the  liver  nor  kitluovi^  showed  anything  iinUMUil  on  bacteriolojri- 
cal  cXiimiimtion,  bur  the  ^jiUvn  yiclik'<i  iin  anai-rohic  bHvilliui,  wlikli  _ 
j>r<iVL-(l  liitvr  to  be  eapiible  of  uiusiug  botuli»ini.  ■ 

The  pig  from  whii-li  the  ham  eiiim'  «iu'  killiil  simp  months  [in"* 
vion»ly,  ami  what  vinn  not  catcii  at  oiiec  was  jiickled  lit  the  u^^iul  way. 
r>iinDj(  the  time  ihat  eJaiwed  heiwei'n  ihe  piikliiij:  and  the  snjijier, 
llie  Ki^iiter  ]Mir(  of  the  animal  liml  ln-cu  eonsniiutl  without  oiiisiDg  any 
(tieknesfi,  but  the  h:ini  whieh  was  iiesirly  intaet  was  the  last  to  be  caleii, 
biy  on  the  Itottoiri  of  the  tub,  ami  utiv'  the  oiilv  |x<rt  thai  wu^  ii»mer>«I 
completely  in  the  weak  brine.  AVhat  w.is  left  of  it  jjave  no  odor  of 
putridity,  but  had  a  disiitiet  odor  like  timi  of  i.-imid  bniter.  Thnt  the 
ham  bad  a  Iwd  lu.vle,  wa«  jijrreed  by  nearly  all  who  ute  of  it.  It  appcsral 
uoniial  to  the  eye,  but  ivux  pale,  like  any  meat  that  has  l»een  noakcd 
wane  lime  in  water.  Tlieiv  was  no  evidtuce  of  d«'orn|)o«ition,  and 
no  ptoniatnf4  were  deteeted. 

Bai-lfriiilofri'.'il  exnmiiuition  pmvwt  in  ditleifut  [Kirt."  the  prw>oiiW  of 
a  hirheilo  unknown  sjmi-e-ljeurinjr  baeilUis  in  jrreat  abundance,  the 
mme  organism  a*  that  i«iiate<l  ftrnn  the  spleen  oi'  one  of  the  vietiniK. 
It  priHlm^il  an  extraoi-dinarily  virulent  toxin,  whieh  w«s  isolated  by 
Brie(p>r  i'rom  eitltureji  supplied  bv  ibe  diseoverer,  bv  whom  the  ortran- 
isni  wan  nanieil  HnijUIng  Miillnuf,  The  toxin  is  rendered  inert  by  a 
lwn]KTatnn-  :t\'  (>0°  to  70°  C,  ihcmii  ajiireeing  with  other  bacterial 
toxins  thiis  for  isolated. 

.\rtemp(.-*  to  ili.-.eiiver  the  oiTjani.-m  in  the  feees  of  various  animals 
(lud  in  tilth  of  various  kiniU,  anil  In  siKH-imen^  fi-oiu  wbeiv  ihe  jiig  was 
rai.-ed  were  iiepitivc  in  ri'suUs, 

I-'wil in g-ex penmen  1«,  eiimhirt^fl  on  various  kind-  of  animals  with  the 
meat  it>ielf  and  with  aqueous  triturations  of  it  .ithle<!  to  oiber  Ibod-,  prfK 
diK'ni,  jw  a  ruK'.  fatal  resiill.-'  w  ith  the  s;nne  Iniin  of  symptoms  as  above 
nientiotieil.  .Snlientaiieous  injections  of  ihe  watery  exlrael  pUMlueed  the 
same  renidtn  aj*  ft*tlinp-<-xperimentj*.  The  aqueous  extniel  kept  in  ihe  m 
<krk  in  a  srtdnl  tube  ri'ljiinul  its  pnijKTtiej'  imimjwired  for  10  months,  ■ 
and  small  pieees  of  the  meat  kept  in  eotton-stopjwred  tiibi-s  without 
B[>eeial  pn-t-jintions  rHained  tlieir  viriileuoe  even  lonjter.  The  poisun 
Waists  the  vffoets  of  putrefaelion,  ami  provc'd  M  Ir-  (hiuuIIv  poisonous 
after  4  days*  stnndiu);  in  a  mi.vlun-  wit)i  feces,  deeomposin^;  bliMid  and 
urine,  and  lillmtioii  thnm^h  ]H>n<ehi!n.  A  fnwh  tiltrale,  to  whieh  were 
mUed  B.  pyoifigiomn,  li.  proteuM  Ikpiefijt^ieiiK.  It.  fluomivnn'  ;<u/Wrf«i, 
and  /?.  i-o/i.  w:\^  foinid  at  die  end  of  »  week  to  be  as  active  as  ever. 

Poisonuig  b;  Beef. — C'ai^k  h — In  Deoi-uiber,  1841,  motv  llinn  40 
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of  potsuniog  occurred   in  New  Yori:  City  from  siting  sniokt?<I 

herC     As  a  rule  the  ttynipKHns  h<^[]  i«vcml  h'Wis  at)<ar  earing,  wilh 

nun  nnd  clij)c<iiDrurt  in  tho  cpt^U'triiun,  vxtfiiiliii^  t'l  I)h-  K-k-Ic  timl  Wjna. 

Vomitiiij!;  ami  purying  were  followed  by  great  thii'st  tiinl  biiriiirii;  juiiii 

at  thv  [>it  of  llic  i<l(.ti)iiiHi,  nliii'h  Ixi'iiini'  m>  irritiibli'  tliitt  il  timid  tulcntte 

iieiiher  food  nor  drugs.      Ivxirenie  proi-tRitioii   followed,  the  functionH 

t>r  the  iKTt'oti.t  a»d  iniL-wHiliir  M'f  k'jn  Iteiiij;  grr-ally  HfTivt^v).    One  viotim 

•licil.  and  with  llie  others  coiivaIc«ccn«>  wiw  cxtreiutly  slow.     Auiopey 

i-viiikil  mitliiug  bcyiiiid  intlan  mint  inn  of  the  ileum. 

C'ai«E  II. — [u  May,  1888,  at  Frunkciilmii^sen,  08  pcrsims  were  niiide 

by  cHling  iIh-  meat  of  a  vow  killed  while  ill  with  diarrhea  and 

aa  edible  by  a  vctorinaiy.     The  Kyinptonis  werv,  in  |3;vn«nil, 

iiL-wu,  viMiiitini;,  diarrhtm,  fever,  drowsinew,  Jiznincfw,  and  great  <le- 

IfrewioQ.     Thtiw  who  ute  the  tuwit  in  llif  mw  stjiti'  wcK*  M'i/.cd  witliout 

leeption,  and  the  pevoriiy  of  the  seiziire  was  dire<rtly  proiwrtioiiate 

'^  the  ninwml  witon.     One  vicliTu  who  itle  a  |H)imil  and  u  half  died 

intbin  'iii  houn»,  whil<?  those  who  ate  Icu^t  liulTered  luut.     Those  who 

««■  tlw;  ci>i>k('<l  iiHiit  liiif*!  diffi-n-iiily.     Not  all  were  attaeked,  nor  did 

ihe  severity  of  the  symptonii-  Imsir  auy  relation  to  the  ntmiiint  tjikcti. 

Tbii*,  soini!  \»lio  at*'  frii-ly  .nntli-n-d  Imt  Hllie,  whilo  very  severe  eflivia 

*vn;  caused  by  slight  amounts  of  the  moil,  and  even  by  siTinll   ]>or- 

tiou  of  the   broth.     Tliirty-«ix   who  ate  the   eooked   moat  esca[>i^l 

iltOgcUicr.      Fn>in  a  p«trtion  nf  the  meat,  and   fn»m   the  "pl«ii  of  the 

roQ  who  died,  Gaertner'    iMtlated   It.  nitn-itidis,  whieh,  since  then, 
bwu  shown  to  have  l>een  the  cause  of  numerous  other  outbreaks. 
CvsK  III. — -In  June,  18H»,  IS"  i»er*ons,  ineludiiig  !>0  ehildreji,  in 
and  dlxMit  Cottn,  in  Saxony,^  were  made  ill  by  eating  the  meat  of  a 
c»w  fclaughtered  on  June  I7th,  iK-eaune  of  an  inllammatory  eonditinii 
'if  the  miller.     On  the   lllh,  *hr  liml  suddenly  st"p(>fd  giving  milk 
aoil  had  refut^ed  food  and  drink.      The  meal  a|)|)eai'ed  to  he  nomiid  in 
(itrv  wfay  and  wa.«  .■•ohl  on  the  <lay  at\er  .tlungJitiT.     The  first  cnsos 
■pjMnml  during  the  night  of  the  day  of  sale.     The  majority  of  the 
virtiiu.t  haii  i-aten  the  niinei-d  mi'al  in  the  ntw  «fnle,  nihi-n*  oidy  nOer 
il  Inul  Ik-cii  cooketl,  and  wmie  hail  eaten  only  broth.     The  buteher  who 
»W  Ibe  meat  lasted  as  mueh  as  woiih)  enver  a  knifi^-bliide,  aiul  Mitl'ci'cii 
60m  diiirHiaii.  htwinehe,  ami  nbdomiiial  [inln  for  three  days.      His  as- 
wtaot  did  the  same,  anil  fared  even  worse.    In  one  ease,  the  ftvmploms 
k^  wilh  il  diill ;  in  itixitlier,  with  dilfieiill  deghilitioii,  doiiliU-  viximi, 
tsd  anxiety;  in  the  n^l,  with  nausea,  vomiting,  diarrhtea.  headaehe, 
■bdominni   |»in,  di/riixpM,  gnmt   lus.'x'tiidi',   r(>.''tles.4neri»<,   U-thiirgy,  ami 
,  oiiquetichablc  thirst.     In  many  caj«s,  the  eyes  were  glassy,  and  the 
l.npik  much  dilaleil.   The  tongue  was  eommnnly  <lrv  and  roi»led.    The 
dnldn-.n  afiW;te<l  were  extiTiordiiuirily  wejik,  and  some  had  fever  as  high 
a»  1IX,7°  F.     A  baeillu.-  i^olated  from  the  meat  by  Johne  was  found 
by  (tnertiicr  tn  differ  in  *ome  res|H>et*  fnim  B.  ndrrUuHM. 

'  <'orrap(ini)«ii-Blattcr  ilw  nll(.ifnieiticn  iintUfbni  V'«i«iiu  von  Thiirin^-n,  1S88^ 
Ko.  9. 

'  XXL  JahrrslN'rioht  utlwr  dot  MiiilieiiiHlutiwn  im  Knninivivh  SRi-hMn,  p.  IU4. 


C.\«K  r\' — Polsoniug  by  canned  comeJ  beef  at  SbcffiiJtl,  reported 
by  W,  N.  I'lirkcr.'  On  (VuiIkt  1 1,  1SJ(!»,  a  i>ix-|)i»iiH]  tin  "f  txiniuJ 
beef  nits  o|>etiG(l,  aii'l  iibimt  two-tJiirtls  wvre  sold,  chiefly  in  qiiar- 
tor  \m\mth.  lii'vontl  t)ii'  fuel  lluit  tlti;  ni<«t  si?<-nK-<l  U-t»  miIhI  ilna 
iti^iial  ;iud  tlic  jelly  r.itlicr  oily,  nolluu^;  niiiii--iial  wn»  notK-cd.  It  had 
no  odor,  itH  taste  wa.-  nurmal,  tiimigli  ijuite  «alt,  and  hut  one  riisiotni-r 
fwiiud  i(>  fljivnr  <liNigr<tiil(k-.  So  (lir  a»  w  kiiuwn,  luiiic  wlio  iitc  Cf>cn|>wl ; 
24  persons*  ranjiin};;  in  age  fif)ni  2  to  89  years  were  aflet-ted.  TIk-  fiJ- 
lowiii^  -s('rve-->  to  nii  i'.\:iiiij)Ii-,  tluiii^h  viich  miMC  pri'j^oiiU'd  one  or  inurr 
:<yni]itonis  pt^-ulliir  to  itself. 

A  woman  of  3'i  ate  2  onnctv  of  tliv  nKsit  nl  I2..10,  ami  in  2 
hoiiiv  vin»  Nt^'ized  witli  faintne«s,  dix^iei^,  and  drouitiacee,  fbllowvd 
by  naiDica,  and  gnat  nmtienlar  weakni-ss,  e^jxirially  of  tlie  Iqp*.  For- 
M«t«'nt  voniilinjf  with  fni|uciit  rc-lchnijr  wxin  oecnrrcil,  iiwutnpanMd 
by  intent  frontiil  headache,  ami  Ibllawnl  by  eolic  which  was  not  re- 
lieved by  purging;.  One  lifiur  aller  i^'lJinre,  chc  wiii'  tjikcii  to  tlic  ba^ 
pital,  where  n-ht;  lay  uu  u  eunch  in  a  state  of  eolla]x>«  with  )ier  ki>ces 
dniwn  up.  Her  tiux^  wa.-<  |Kile,  willi  livid  ]Nit(-licK  iinmnd  the  eyt?!,  aud 
biHlicd  in  jHTfipinitioM.  The  skin  wjis  cold  and  clammy,  the  pul* 
Amall  aud  mpid,  the  i-espiration  ttlinllow,  the  t4'ni]K'nitim-  Ktdtiioniuil, 
and  the  pnpil>  dilated.  Her  I'tomach  was  wuslit<<l  out,  and  in  a  sSort 
time  the  pain  and  retiiiing  i^^ased,  the  cliaraettT  of  tlif  pnUe  impn>ved, 
drowsinvM  W7i»  iliniitiish*il.  and  only  the  li«ninclic  and  |nir]^ii^ 
remained.  Within  an  hour,  the  condition  of  collapse  and  other 
syniptotiLS  reupjxurwl,  bnt  with  le«  wverily.  The  ^loniadi  wiu^  ii<^iii 
wa-'hed  oiii,  and  thU  time  the  good  efTi-ets  were  |)erniiinont.  On 
the  tiillowiu)^  niorniiii;^,  all  tliat  wii»  e<3nii>l;tini><t  of  was  i^Iighl  frontal 
headache. 

The  approxiniiile  latent  jx'riiid  varieil  li)-t»ii-ii  one  and  three  niiil  ■ 
half  honn>,  but  in  only  '2  caifcs  wiii-  it  mon-  than  two  and  :i  half  lionis. 
Frf)nt;d  laitdaehe  wan  pres4-iit  in  alt  hut  4,  vomiting  in  all  hut  1,  [uiin 
in  only  1^,  marketl  collapse  in  12,  profiin?  di»rliar^>s  !u  all  but  6. 
The  initial  nymptomfi  woi'e  the  wame  in  all;  that  U,  drow.-incAi  or 
giddiues*,  or  both, 

Onlv  one  <:ano  n?«ult«Hl  fatallv,  that  of  a  bov  7  veftn*  old,  who  ate 
2  ouiiea*.  Hi.*  svuiptiitnii  wer«  e!*|HH!inlly  wvcre  j  eollnpw;  wa*  vm' 
marked  and  he  rctiuinHl  constant  stimulation,  About  10  hours 
a(U-T  the  on.iet,  he  hiwi  a  .'vries  of  etouie  conintitions  of  ilie  flexor 
muscles  of  the  neck,  armi',  and  lip*.  The  nioveincnts  were  violent, 
rapid,  and  almost  rhylhmind,  comnieneing  fir^t  in  the  m-ik  aud  nmnt, 
but  soon  uflV-cting  the  I<^.  The  even  were  lixcil  and  st.Trinp,  and  the 
pupils  widely  dilated.  After  lasting  an  hour  and  a  half,  the  convul- 
sion.'* een.-'e)!.  They  ttwitpeanil  in  half  an  hour,  atTcHiug  fiiiit  tlie 
right  anil  and  rijrlit  si<le  of  the  face,  but  soon  lieeame  general. 
The  eollapso  gradually  dei>pene<l,  and  the  boy  died  10  hours  after 
seizure.  AutogD'y  ishowei)  nothing  moiv  than  a  general  hypenemia 
of  the  Rtom&cb  and  intestines,  with  a  lew  hemorrliagio  erosioiH  in  the 
■  Britinh  Mi-aitul  Jounul,  XoivniW  11,  1899. 
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pscric  mucous  membrane.  A  microscopic  examination  of  the 
kidney  showed  cloudy  swelling  of  the  cortex,  with  a  few  aaittered 
beramrliages. 

All  the  other  victims  convalesce*!  rapidly  and  were  discharijed  from 
tie  hospital  within  48  hours.  Stimiilaiit-,  chiefly  in  the  form  of  strych- 
niiwaiul  brandy,  were  administere^l  freely.  The  meat  wa'*  examined 
hiKteriologically  about  1 1  hours  after  the  tin  was  said  to  have  l)een 
opened.  In  the  out<?r  parts  of  the  meat,  many  species  of  organisms 
wre  found.  The  only  organism  present  both  in  cultures  from  the 
centre  of  the  meat  and  in  those  from  the  surface  was  the  bacillus  of 
Giertner. 

Cash:  V. — An  outbreak  at  Mansfield,  in  which  65  persons  became 
ill  oAer  eating  the  flesh  of  a  cow  slaughtered  in  consequence  of  tnm- 
natic  pericarditis,  has  been  reported  by  Wesenberg.'  Only  those 
who  ate  of  the  minced  meat  in  a  raw  state  or  of  the  partly  cooked 
liver  were  afl*ected  j  those  who  ate  of  the  well-cooked  meat  eseape<l 
vilhout  exception.  The  symptoms  were  vomiting  and  diarrhcca, 
violent  headache  and  abdominal  pain,  general  muscular  weakness, 
diainess  and  lassitude.  The  discbarges  were  sometimes  greenish, 
wmetimes  brownish,  and  always  extremely  offensive.  Witli  few  excep- 
liaas,  the  symptoms  abated  in  from  .3  to  5  days,  and  all  reovered 
dcept  one,  and  that  a  doubtful  case  of  a  child  who  was  not  known 
irith  certainty  to  have  partaken,  and  whose  symptoms  might  have 
Wn  due  to  other  causes. 

The  unconsumed  meat  when  received  for  examination  was  already 

iiiriy  well  advanced  in  decomposition  anil  jKirtly  maggoty.     All  except 

one  piece,  which  was  faintly  acid   to  litmus   papers,  was  alkaline   in 

taction.     Cultures  on  agar  and  in   bouillon  were  made  from  a  piece 

taten  from  a  part  which  was  apimrently  not  yet  in  process  of  dijcom- 

Itci'ition.     Inoculation  of  the  bouillon  cultures  and  of  small  bits  of  the 

meat  into  white  mice  produced  fata!  results,  in  some  oases  within  from 

Is  to  28  hours  and  in  others  within  ;(  days.     A  guin«i-pig  which 

*weived   a   subcutaneous    injection    of    the   bouillon   culture   of   the 

^stished  meat  died  in  48  hours,  having  shown  niarke*!  lassitude  and 

prtjfiL'ie  diarrhtea.     In  all   cases,  section  showe<l   enlargement  of  the 

»pleen,  which  was  bluish-red  in   color,  strong  injection  of  the  small 

■  nteatine,  and    marked   redness  of   the    medullary    substance   of  the 

■liJneys.     Cover-glass  preparations  from  the  sjileen  sliowcil  fairly  long 

*od  broad  bacilli,  and  the  same  xvere  develojK'd  on  agar  from  the  meat 

"toelf. 

FoiaoDing  by  Hone  Meat. — Galfky  and  Paak-  iuvestig.itc<l  an 
"•itbreak  in  the  district  of  I^owenberg,  which  wa-*  known  to  involve  at 
*«aa  30  and  prol)ably  more  individuals.  The  ollending  niatcriiils 
*efe  horse  meat,  hon^  liver,  and  horse  sansjigc.  The  patients  com- 
plained very  soon  after  eating,  in  one  ease  within  a  half  hour,  of 
*M9«a,  headache,  abdominal  pain,  borlH)rj'gmus,  diarrhoia,  dizziness, 

'  Zeitttchrirt  fUr  Hjjriene  und  Iiirecii<>n.skrutikhi.-ilen,  XXVfll,,  |>.  4^4. 
*  Arbeiten  tu>  dem  kauerlichen  GetuiidheiUnmle,  VI.,  p.  159. 
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tivml>Iiii);,  anil  gr«it  tliirst.  The  ttmiHi-atiirc  roe*  lo  lO-l"  F,  One 
caw  t«-nninat<?<l  futally.  Rni'tcrioIn^icHl  fxaininatiou  rt-vuiktl  u  baoiU 
III!,  wliich  ilitFercd  in  some  respects  from  tliat  of  Gaertner. 

Poisoning  by  Sausages. — Cask  I. — Triix.-'  n-iM.riMl  iu  Noviw- 
Ih-i',  l'>7!f,  iin  outhi'ciik  uhu'li  iiicludocl  (>4  out  of  tiU  |M?r>~oiLs  who  had 
cuUrii  of  a  singlo  Imtc-h  nf  «m«jiKi'»,  The  niiiwt  wiw  charaoUTixwi  \w 
voinititig,  puling,  anc]  ii\y.atiet«,  wlik-h  «itne  nii  aAcr  inter^'aU  of 
varying  Icri^h.  'I'tu-n-  "ii."  fxrrcnic  wnikiii-.w,  unil  nuiiiy  tiad  >M'%Trp 
cRiTiipfi  ill  thf  legs  and  [wins  in  llic  alHlomeo.  In  the  majority  <>f 
«iMv«  t.lit-  V'liiiiliiig  and  purging!  Ih.-IhI  fn>m  3fi  to  4R  hours.  The 
diM^hurgos  were  vpry  offensive,  and  looked  Hke  dirty  wasb-nratw. 
Theiv  was  mnrked  «Tpbral  disturbance,  and  n  (wnsilion  of  anridiiy 
in  tin-  thniat  was  pomrnnn.  One  of  llic  victims  ditil,  brit  (Iw  autopsy 
revcaletl  nothing  iinusiml  beyond  a  miinhiT  of  rvd  [taiehes  in  tlie 
inU'Stinv.  The  remaining  >Hiu6ageit  were  found  to  have  a  luinted  awl 
putrid  odor, 

Oasf:  II. — The  " IJnim('t*linni*en  cn«c."  The  livor  of  n  hralthr 
pig  wat"  made  iulo  sausa^p*,  wliieh  were  then  smoked  for  a  )iumt>er  of 
days  and  hniig  up.  On  [lie  eijflith  ihiy,  tliiy  werft  t-atea  by  a  family 
ttiid  a  unmber  of  iiivit*-)!  guoats,  one  of  whom,  objecting  to  their  |iciiilisr 
taste,  refrained  from  mtingaml  <!S<«p«td  the  trouble  thai  came  to  all  the 
r<stt.  llie  ."■vitiplonif,  which  apiR'iireil  within  a  I'liort  lime,  were  the 
same  iu  kind  in  all,  but  diffoml  in  severity.  They  inchidetl  alMlominal 
pain,  vomiting,  di//ine.v'^.  drviie.t)i  of  the  niniilh  aixl  tlirmil,  and  difli- 
eult  deglutition.  Thp  piijiils  became  dilated,  ami  vision  was  much  im- 
paired and  linally  lost.  The  muscular  and  ner\"ou»  i»y8tem*i  were  vny 
much  HlfcelMl;  the  pulse  was  rapid  and  wrak;  respiistion  l>ecame  em- 
bairasswl.  swTillowing  and  jt|«-!ikiitg  im|ioN^iblc.  Dwilh  cn.-<iu-<i  in  3 
eases,  piti-^-dM  by  great  lividi^  of  the  face  and  spasms  of  llw 
extremities. 

C.\8K  III. — Van  Ennongem'  relates  an  instance  in  which  the  rcmnio- 
injr  san|»agvj'  of  n  lot  wliicli  IukI  cjiumiI  iUnc-w  in  wveral  perwMis  were 
apparently  so  wholesome  and  lookwl  so  inviting  that  the  cx|M-rt  iind 
his  as.iistnnt.1  l<i  wh<mi  they  wen-  sent  ate  them  and  themselves  l>ecain« 
ill.  The  expert  died  on  the  sixth  day,  and  antopjiy  showed  gastro- 
enteritis, acute  miphriti.'r,  and  fatty  df^neration  of  the  liver.  Gaert- 
iier'.«  li.  aiUrifitlui  wa'-  fi>nnd  l>")tli  in  the  organs  and  in  the  Kauoagee. 
The  latter  were  made  of  horse  meat. 

Cask  IV. —  (.'arl  Onnlher*  npoil.- that,  in  wveral  |j1ii«-s  in  Poscn,  « 
large  ntuiiber  of  persons  were  made  sick  after  eating  poik  >iau.-;ig«'!*  iind 
blood,  all  of  which  had  hettn  MippliKl  by  one  butcher.  The  most  im- 
portant symptoms  were  ubdoniitial  pain,  vomiting,  pnrg^iiig,  gn-at 
M'eaknewi,  and  la.-^iluile.  One  nian  of  47  ye.irs  die<l  after  haixlly  a 
day's  .Hickncs,*,  Gfjntlier  exaniineil  jMirtions  uf  the  di.'^-cased  and  also 
nniples  of  meat  and  blood  found  in  the  house,  and  saui^ge  and  meat 


'  Mcdiral  "nmw  nnil  <  inn-Ur.  Xor.  29,  1879. 
'  Ri-viK-  .l'Ilvvi."w,  IK'IO.  [I.  TiU. 
*Anhiv  fiir  lltK''^>H>,  XXVUI.,  p.  14«. 
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from  the  shop  of  the  butcher.  From  the  victim's  spleen  and  liver  he 
isobtcd  B,  enUriUdut,  but  while  a  number  of  species  were  found  in  the 
fiMd»,  thia  bacterium  was  not  detected,  perhaps  having  perished 
throi^  the  influence  of  the  other  species  present. 

Case  V. — This  interesting  case  of  poisoning  by  sausage  composed 
of  pork  and  beef  is  related  by  Silberschmidt,'  and  serves  as  an 
illaarution  of  the  methods  commonly  employed  in  the  manufacture  ol' 
■usages.  Nearly  fifty  people  were  }x>isoned  by  eating  a  kind  of  sau- 
Mge  known  in  Switzerland  an  "Landjager."  It  is  made  of  beef,  often, 
ilso,  horse  meat  with  pig  fat.  The  materials  are  chopped  rather 
musely,  spiced,  put  into  casings,  pressed  flat  for  a  day,  smoked  two 
ity?,  dried  in  the  air  Heverul  days  more  and  then  eaten  in  the  ra^v 
«tol*.  The  saiiwiges  in  this  instance  were  made  of  cow  l)eef  from  ani- 
mals that  ha<l  been  certified  as  sound  by  a  veterinarian,  and  pork  that 
lad  lx«n  bought  about  two  weeks  previously  and  kept  with  preserva- 
the  (lali,  and  had  apjienred  fresh  and  unchanged  when  used.  In 
tile  morning  of  the  first  day  that  the  sausagtts  were  on  sale,  a  man  and 
His  nifc  ate  one  of  them  together,  and  both  were  made  so  sick  toward 
fveoing  and  during  the  night  that  a  physician  was  called.  In  the 
ifiemoon  of  the  same  day,  19  fishermen  ate  of  them,  and  on  the  fol- 
lowing day  it  was  reported  that  ail  of  them  had  been  nuide  sick.  In 
the  evening,  another  man  ate  one,  and  it  pleased  him  so  much  tlut  he 
took  one  home  to  his  wife  and  children.  Ou  the  next  day,  he  hud 
iMominal  pains,  headache,  vomiting,  diarrhoea,  thirst,  and  a  chill. 
In  the  afternoon,  his  wife  and  two  children  who  had  eaten  were  sinii- 
luly  seized.  A  boatman  who  ate  two  whole  sausages  suffered  no 
ineonvenience  beyond  a  little  pain  on  the  following  day.  Another, 
»bo  was  sick  eighteen  days  and  then  returned  to  his  wofk,  was  seized 
^n  ten  days  later  with  the  same  train  of  symptoms.  One  man, 
^wl  eighteen  years,  entered  the  hospittil  in  the  morning  of  the  second 
*iav,  and  died  during  the  night,  two  days  and  a  half  after  ingestion 
«f  the  rtnusage.  At  the  time  of^  entrance,  the  abdomen  was  sensitive 
■ad  he  was  passing  grayl-*h  watery  stools ;  in  the  af^cmtwn,  he  was 
^lirittiis,  and  his  pulse  was  very  small,  irregidar,  and  rapid.  Pur- 
«i|r  the  night  he  coILipsed  and  died.  Section  after  twelve  hours 
showed  a  spleen  of  normal  size,  swollen  mesenteric  glands,  and  hyper- 
»mia  of  the  stomach  and  intestines.  The  follicles  wert;  much  swollen, 
anii  in  the  ileum  were  several  areas  from  4  to  (}  cm.  in  length  by  1  cm. 
'u  tircadth,  where  the  mucous  membriine  wa«  di.soolorf<l  and  eroded. 
OtbtT  organs  were  normal.  Six  others  of  those  affected  were  dischai^^ 
^m  the  hospital  after  fn)m  seven  to  fifteen  days'  treatment.  In  an 
xljoining  town,  where  sjiiisages  of  the  samt-  lot  were  sold,  there  were  1  fi 
•"llier  ca.-«es,  all  with  the  same  symptoms.  Taking  ijll  the  CH.-ies  to- 
plher,  the  symptoms  of  pn>miuenee  wore  as  follows:  Verv  M'ven-, 
janially  cnunpy,  nixlomiiml  jwiins;  very  profuse  iliarrluva,  the  stiMils 
nunibering  from  eight  to  twelve  ptrr  day,  and  in  color  variinfr  iK.twii'u 
pay,  greenish,  and  yellow ;  usually  vomiting,  the  rejected  nuitters  being 
'  Zeittichrift  fur  Hygiene  und  InftH'liDiiskrnnklieitun,  XXX.,  |i.  'MH. 


wiitt'ry  uiiil  lirowiii.tl) ;  siinkt-n  cvo.i,  lii)£li  IVvcr,  pxtit  lai>siluik-.  U-ikIpt* 
tlPl^«  nvt-T  iilKlLinicii,  cRiiiijw  ill  the  Kilvtvi,  great  lliiKt,  aud,  oi-caBioitalk, 
nictmriRni.  In  niuot  (>("  tlii>  i<a'ii'!<,  the  HVtnjitoms  (i[i|>uintl  »ii  tWdav 
jifUr  i.'Utiiig.  Tlic  ihiRiti'iii  nf  tin-  iUiipm  raugeil  between  one  and 
lliirly  iliiy.-,  ilu-  givauT  niiniln-r  ii-citvoring  in  lw<f  wt-uki*,  hihI  iK-vuiiiiiit* 
III  tiir  work  in  tliii'c. 

As  is  ciiinnionly  the  case  in  the*  outbreaks,  the  ulltrnl^nn  of  tlip 
Nlitliiiritir.->  wa-->  not  dniwii  li>  tlie  nmtliT  in  eillicr  (own  until  HJtoe  ^lavs 
hiiil  ela|iM.'i:l.  Clieiiiitvil  analyses  of  iiiuised  NiiiKigf!*  wen-  mink-  ai  U-tli 
[)Iaei-.-.  One  aiialy.-*!  rf|KirC(tl  m^itivc  lv.Hlllt^  ;  tlie  otlier  iflx'Meil  the 
[in«eiKi'  of  |itoniiiiiiis,  I>ilI  diii  nut  t'lirtLcr  jKirtieulariKe.  R'urteritJtigica] 
investigiition  revealwl  tltc  lu-eK^neu  til'  »  vuricty  vf  or)!tiiii.'<DU^.  u»  wiw 
to  Iinvi^'  Ih-<  n  uiitivi|iHttil,  luic)  itinong  tliein.  especially  marked,  Protetu 
viilijuiin. 

Poifloning  by  Kid  Meat. — Hcnsucn '  luw  rcimrted  the  ease  of  a 
whole  taiiiily  titriekeo  after  esiiing  ihi-  meal  of  »  kid  wliidi  wa>  killed 
wIk'H  bill,  a  few  days  old.  A  twelve  year  old  girl  wj,i^  mzed  in  eleven 
hours  witli  »  diill,  followed  by  fever,  diz/ineRs,  voniitinji,  and  violpnt 
diarrho'ii.  The  teni|H'i-HUin'  n»«i'  to  H);{.(i°  F.  She  w!i»  eonliitcd  to 
her  btil  fl»r  five  dayw.  The  father,  forty-nine  years  old,  wai*  seizwl 
with  the  same  symptoiim  in  twelve  to  tlnrtu-n  luiurx,  iiiiil  hiul  aUi 
tiiadaehe,  |iiiiii  in  (he  joints  thin^t,  and  inability  to  walk.  Tlie  tuiiffue 
was  dry,  the  jiulse  riipid  and  ."niaU,  aii<l  iIjc  |iii|iilii  reaeteil  hlowly.  He 
wu»  wi'k  eif^ht  djiy«.  The  iiiollnr.  wlio  ate  but  lillle,  wiu'  ^lintl  jiud- 
denly  in  the  night  Mitli  vomiting,  and  Midi  gn'jit  dixxintrroH  that  bIm-  »■« 
uuable  to  walk  withont  holdiii);on  to  the  furniltire,  A  boy,  under  two 
yeiiii*  of  iiffe.  wa>  wi/ed  in  the  m'lrfit  with  vomiting  and  violent  diar- 
rliwii.  whieh  soon  lieejuuc  bloinly.  The  stoolc  wer.'  niniHiially  ofli'ii^hv, 
and  J iersi.it "I  so  tor  «'vi-itiI  day?*.  lie  was  siek  nine  tlays.  Throe 
otlier  ehiklreu,  who  ate  bnl  very  little,  were  >iek  htutliivK  with  xlij^ht 
abdominal  (win  and  diarrhcea.  No  material  was  obtainable  Ibr  exami- 
nation. The  hiilciier  !<aid  that  the  kid  wan  H|i)itiivntly  heidlhy,  Inir  the 
mother  declared  that  tlie  meat  aroinid  the  Joints  of  the  bind  le^p  was 
viTV  Mifil  iiikI  wat<'ry,  and  the  jointH  tbemwelveB  enlai^^l  (septie  [ady- 
ttrthrilisr). 

Meat  Inspection  and  Slaughtering. 

The  value  and  a<Ivisabinty  of  thorough  in^^wetion  of  inwits  before 
thej'  are  plawd  on  sjile  are  iiniverMJiIly  eoiuiilc<l.  In  this  eouulrj', 
nnder  the  iiin|ie<-lion  hw  of  Mareh  ;!,  IKfU,  all  niwil  iiilemlcd  for  ex- 
port is  requireil  to  pifw  a  very  .-irief.  sy.-ilem  of  inppeelion.  Tlie  ani- 
mals are  inspected  Iiefore  being  •ilanghtereii,  an<l  iheir  eiir(Tji».<'»  iirr 
exaniiiii-d  niien>siii|iii«Ily  by  oftieiuU  i>\'  the  Itiirean  of  Animal  Indus- 
try before  being  jwekwl.  The  iti>|ieeti<ai  of  mwil  tor  hwal  (■on>inm[>- 
lion  U  wholly  a  matier  of  local  antliority  ;  sftine  States  have  ins|Krtion 
lawif  uwl  iitherH  have  none;  many  riliiw  have  ^|H.'eial  regnlalton»  whieh 
are  enforced  hy  officials  who  may  or  may  not  be  competent  thnmph 
■  ZvilKliriR  furFI«i«'li-  iinil  MiMihvirifnr.  VIM.,  ji.  181. 
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proper  training.  In  Germany,  the  system  of  inspection  is  very  rigid, 
particularly  in  the  case  of  meats  fri)m  foreign  countries.  This  is  due 
Ten-  lai^ly  to  the  activity  of  the  agriculturul  interests  in  protecting 
tbeio-selves  from  outside  competition ;  and  imder  the  benevolent  plea 
of  protecting  the  health  of  meat  consumers,  much  care  and  attention 
ire  given  to  hunting  for  excuses  for  exchiding  American  meats  which 
hsve  already  been  inspected. 

The  Federal  meat  inspection  sen'ice  is,  according  to  Salmon,' 
a  sanitary  rather  than  a  commercial  inspection,  applied  not  alone  to 
meate  for  export,  but  also  to  those  intended  ior  inter-state  commerce, 
Cnriousiy,  however,  the  very  important  inspection  for  trichina  is  pri- 
marily a  commercial  matter,  being  applied  only  to  pork  intended  for 
nJiipraent  to  certain  foreign  countries  which  require  it. 

The  United  States  inspectors  are  instructed  to  condemn  all  female 
uimals  in  an  advanced  st^^  of  gestation,  and  to  prevent  their  slaughter 
for  fixA,  Salmon  ruHng  that,  though  "the  animal  is,  strictly  speaking, 
ia  a  physiolt^ic  condition,  it  is  not  in  its  usual  physiologic  condition, 
Mr  is  the  change  one  which  is  calculated  to  improve  the  quality  of  the 
meat,"  Feomles  in  which  parturition  has  recently  occurred  are  like- 
wise oondemnetl  as  unfit  for  food.  Many  animals  are  condemned  on 
account  of  bruises  and  injuries  received  on  their  way  to  market;  during 
1600,  there  were  oondemned  for  this  cause,  in  round  numbers,  carcasses 
or  parts  of  carcasses  of  4500  cattle,  1,000  sheep,  and  12,300  hogs. 
In  some  of  these,  the  injuries  were  extensive,  sometimes  complicated 
whh  abscesses,  septic  infection,  and  gangrene. 

The  cattle  diseases  most  prominent  as  causes  of  condemnation  are 
tuberculosis,  actinomycosis,  and  anasmia ;  next  in  order  are  septictemia, 
F^eumonia,  peritonitis,  pysemia,  icterus,  abscesses,  and  Texas  fever.  In 
■vine,  the  most  common  diseases  are  h<^  cholera,  awine  plague,  tubercu- 
Ws,  icterus,  pyemia,  abscesses,  pneumonia,  inflammations  of  the 
ibdominal  cavity,  septictemia,  and  tumors.  The  most  common  causes 
<if  condemnation  of  sheep  are  antemia  and  emaciation,  bruises  and 
injuries,  tuberculosis,  absct^ses,  pneumonia,  ureemia,  septicemia,  icterus, 
oA  pyeemia. 

In  by  no  means  every  case  is  the  entire  carcass  of  an  animal  afflicted 
lilh  tuberculosis  or  actinomycosis  condemned,  since,  in  the  early  stages, 
^t\i  diseases  usually  are  localized,  and  the  carcass  as  a  whole  not 
effected.  A  tuberculous  animal  is  condemned  wholly  when  there  is 
emaciation  or  generalization  of  the  lesions,  and  "  when  the  lesions  in 
vt  organ  or  organs  are  of  snob  number  and  size  as  to  indicate  that 
tile  system  at  large  may  have  been  affected,  either  by  inflammation,  by 
"k  mixed  infection,  by  the  secretion  and  absorpti<in  of  pus  or  t<ixic 
principles,  or  by  interference  with  the  gencnil  nutrition  of  the  IxhIv" 
(^mon).  In  nine  years  of  Federal  meat  inspection,  the  condcmiia- 
•iwis  per  10,000  animals,  were,  according  to  Salmon,*  as  follows  :  cattle, 
*48;  sheep,  8.1  ;  swine,  37. 

'  JoarnaJ  of  the  American  Medical  Association,  Dec  28,  1901,  p.  1715. 
)  Ibidem,  H>rch  30,  1901. 
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In  ini«pci-tii)g  meat^,  f^>MTia1  uttciitiou  slioiilJ  be  paid  to  the  conneotivc- 
tii^t^iic  Hiiil  gliiiKluInr  nrguin^.  The  txlor  <A'  a  (-iir(iL'<»  aIiouM  l>e  svi't-cl, 
mill  iIk-  mint  i>liiiiil<l  foinmiiniuilc  no  iinpluisiiil  unvll  to  n  n-cxMlen 
skewer  tbnist  into  it  and  withdrawn.  The  niusele  tihoultl  be  firm  mid 
t'liftii',  lull  iiol  (oii^h.  Any  viiriiilinii  from  thi>  niilimil  oilur  r^hoitld  he 
rcpinled  with  t*iW[(icion,  veiT  dark  oiilor  Bngg<*iin(t  l'fl)rilt'  cuiHlitiim, 
or  rliiit  ihtt  aiiini.ll  vtil"  not  stiiti^htviiil,  nr  wus  HlHughtoivl  in  n  dyln^; 
eotHlition.  8iich  muit  uiKlcrgtRw  decitiiipoMliun  nnich  niutv  rnjiidlr 
tlian  norutal  m«tit.  Animals  that  have  lM<en  dniwrit-d  or  ]mvc  hrnt 
kilKil  hv  ueeiili-nt  witixitit  ln'inj;  hliil  yirld  si  dark  un<l  disoilorcil  mtnl 
that  ifi  likely  t«  dceonipft!^'  nmre  rajiidly  iIimh  that  of  anininU  llud  have 
ri'^iilarly  Ikk*ii  i^lmi^liU'r)?il,  hut  an  tiniimd  llmi  Iiiih  been  injitirs),  hiit 
nut  killed,  may  be  F^lattjfh It-red,  pr<'|KT]y  lili'd  and  d^eM^?<l,  and  iIh  mtut 
is  then  peri'wtly  jjinmI. 

Aniiniil."  :<hoiild  Uv  kept  withunt  lixxl  for  at  least  Iwelvo  honr^  befor* 
■ilaii^diter,  and  the  cuix-aiinef.  ffhuuhl  Iw  biinj;  for  a  nnml>cr  of  tiiiiim  to 
cuul.  .Many  di.-^ns(t<  an'  in<iirnte<l  more  clearly  atk-r  the  body  W 
eoulud. 

The  Jewish  uicttutd  «f  fhiii^hlciing  i"  rcpmiwl  by  rmuij-  tin  for 
Hii|ii-rior  to  any  other.  Amiixlin);  to  lX>ndH*,'  it  !»  the  mo«t  isttonal 
from  ii  by^fienii-  ^iaii<l|Hiini,  .ijiuv  the  animal  is  bk-d  ni|iidly  niid  oom- 
jilrtHy,  and  the  (xinviilMve  movements  eanw  the  niittt  to  be  more 
tender  and  of  more  attnn-ti\'('  ajiiH^inmce,  lartir  aeid  in  develiijied, 
mid  ihniii;;h  it!*  vluniiad  lu-tion  on  potiioAJiim  jihonjituite,  jtoiamnm 
laelate  and  acid  pbofiphaie  of  potarviuni  aw  fomietl.  The  latter 
liiniU-rx  the  <)evclopiiii-nt  "(  niii'nMtTjnmisniA,  delays  the  (oritutti'iii 
of  ptoraains  snd  other  {x>iMitioiis  mnlteiv,  and  improveii  the  taftc 
Kiiipir  niorliK  ntnu-x  on  nion'  ipiiekly,  and  the  meat  is  therefore,  more 
t|uick)y  a\'ailable  for  use,  and  idwo  will  keep  K'vemI  ibiyn  longvr  tluin 
ordinarily. 

A  piiM^-sw  of  rilanghterin^  ori^hiatin^  in  IVmnnrk  iipiKiim  t« 
have  borne  the  test  of  u  hard  tbn'e-montbi-*  trial  in  a  very  sjlisiaetory 
manner,  mid  re<wimmends  it-oelf  for  adoftlion  in  the  trojii<«,  wlu'n^ 
nietitfi  deeonipow  with  exeeedinj;  nipidity.  The  animal  ts  xboL  in 
the  forehead  and  klllol  i>r  xtnntied,  and  a^  it  falls  an  inHsion  in  made 
over  the  bejirt  and  the  ventricle  U  opi-netl  ibr  two  pnr{K>M-s:  to  allow 
the  bl'Kxl  to  escape,  and  to  admit  of  the  injection  of  a  sohitioti  of  salt 
thronpb  the  bloodviwels  by  the  aid  of  a  [)owi*rful  syringe.  The  proc«« 
re4uir«)  but  a  few  minutes,  and  the  eitreafifi  may  be  etit  up  at  once. 

E008. 

Vjf^  fonn  It  vnbiitble  "nhHtitiite  for  meats  Irmm^  fairly  rieh  in  fata 
and  pmteidfl,  and  are  well  ada)ited  to  the  rtomaoh  of  the  invalid  and 
coovalc.->eent  uhen  mmiK  eiinnot  be  Utnu*.  The  nutritive  part  of  the 
white  U  pmcti<7illy  limited  to  proteids,  uhieh  amount  to  about  12  per 
wnt. ;  the  yolk  is  richer  in  protclds  and  contains  hi  addition  a\xn\t  ;J3 
'Deuwehc  Vi«n*ljiihnchririfflruftt-iilliplii'Ui.-iunilliititsipflt«B,  XXVI.,  ji.  «W. 
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:r  cent,  of  &t.  The  albomin  of  the  white  is  m  a  conditiou  of  solu- 
OQ  in  cells  with  very  thin  wuUs.  The  fatty  matters  of  the  yolk  are 
1  a  condition  of  emulsion,  being  held  in  suspension  by  the  vitcUin. 
?he  entire  yolk  is  held  t<^ther  by  an  enveloping  membrane  and  is  sus- 
xnded  in  the  white,  being  held  in  position  by  an  albuminous  band  at 
Btberend : 

The  following  table  by  Langworthy '  shows  the  average  composition 
of  €gg8  of  different  sorts : 


Ha: 
Wholt  egg  M  purchued 
Wbolc  e«g,  eoiblfl  portion    .   ,   . 

WliW  . , 

Yolk    .  .   .  

WholetreboileiJ.edltile  portion 
Whlle-ftheJIed  egKiaa  purcbucd 
IniiiD'iliclletl  I'gtn  u  purcbucd 

Diet: 

VMi  ta  »  poTcbued 
mulg  tn,  edible  portion 

WWW.  .  .  ...:;.. 

Yoll 

Guh: 

Vligle  r%g  u  iHirchued 

WlKilcen,  edible  portion 

WhlK 

Tolk   .         

IMn: 

*nole  t«g  M  purcbued   . 

*^  tSS,  edible  portion 

loik  '..'.'.'.'.'..     '. 

Mwtlbwl: 

Whiten  M  pnrcbued 
"tiole  et*.  edible  portion 

Tott    ,       .   .       

Finer: 

Wlule  tfg  u  puich4wd 
Wliol*  tst,  edible  portion 

Inianted  beni'  eggm  .  .  . 


Fuel 

Asb, 

v&Iue  per 

pound. 

PermU. 

(Moria. 

0.9 

Wb 

10 

T-JO 

.6 

■&0 

M 

1,705 

.8 

765 

.6 

675 

.7 

GM 

.« 

760 

1.0 

8«0 

S 

■im 

i.-i 

1,H10 

.9 

TOO 

1.0 

S6& 

Ji 

JU 

1J3 

1,«» 

J( 

635 

.9 

72D 

.H 

21S 

Li 

1,710 
640 

lo.e 

11.7 
B«.0 


1.2 
.> 

1.0 

a6 


7SG 

115 

1,U6 


!HS 


The  prot^ds  of  eggs  have  been  studied  by  Osborne  and  Campbell,' 
iriio  found  that  the  yolk  contains  a  lai^  amount  of  protein  which 
resonbles  a  globulin,  but  is  believed  to  be  a  mixture  of  compounds  of 
protem  matter  with  lecithin.  The  proteids  of  the  white  were  found  to 
aclnde  ovalbumin,  ovomucin,  ovomucoid,  and  conalbumin. 

Eggs  contain  a  certain  amount  of  sulphur,  to  which  the  gtaining  of 
ilver  spoons  and  the  odor  of  rotten  e^s  (hydit^n  .'iiilphide)  are  due. 
rbe  rotting  of  t^gs  is  supposed  to  be  due  to  the  admission  of  fermenta- 
i^-e  micro-organisms  through  the  pores  of  the  shell,  or  to  those  already 
resent  before  the  shell  is  formed. 
It  ifl  a  commonly  accepted  idea  in  some  parts  of  the  country  that 
jgs  with  brown  sheila  are  of  greater  richness  than  others,  and  that  the 
^ree  of  richness  is  directly  proportionate  to  the  depth  of  color.  In 
Mne  markets,  on  the  other  band,  the  white  ^g  is  held  in  higher  esteem. 

>U.a  DeptKDMDtod'Amcuhure.FiinneiB' Bulletin,  No.  128(1901). 
■Report  of  CoonecUcut  Ksp«riment  Bution,  1899,  p.  830. 
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AcN^onling  to  th*  results  of  an  extensive  study  of  the  dipmicnl  ooni|>osi-l 
t\<m  of  vjngM  iiirried  oii  nl  the  Cidifi'riiin  Kxin-riiiMiit  Stntioii  niiiiiilv  for] 
tbo  piirpoi^  of  tletcrmitiing  what  difft-rL-noes,  if  anv,  pxUt  between  tlnsn, 
llii-re  b.  Ill)  IKI.-.U  of  fu(rl  fur  ihc  {>(>{)(ilur  U-licf.  [n  Cirt,  tin*  vt-ry  diptl 
diflVn-nt'tw  noted  were  in  favor  of  tlip  while  ^igs,  but  (lie  avcrs^re  dif- 
fereiiw--  l>etw<i-h  the  Iwo  kiiid»  wcrv  less  than  tlie  fltii't until ■uk  Ik'Iii«« 
iiidividiml  F^pet^menK  of  the  same  group.  The  tij^treH  obtained  arc 
|ii-e»cDted  iu  the  following  tuble  Iiiki^  from  Farmers'  Bulletin  No.  87 1' 

ANALYSIS  OF  HI»nVN.8HELLl<:U  A^IO  WlllTIv«UKI.I.£D  KOm. 


WkUr. 

IToMu. 

ML 

A»h.     ShalL  Taut 

Yolk 4B.69 

Whil*    - eO.flO 

Entire  tgg     . i  Gu.ST 

tt'liilt'theilal  njgt!                     1 

Yolk  -              '  49SI 

Whir* Wl,3T 

Entile  e^     .                                          84.78 

IVrrt. 
l.V»( 
11.09 
11.84 

IG/tS 
12.14 

n.n 

Porol 

33.SS 

.21 

10.77 

83.34 
Si 

1I.S3 

Pvrgl. 

IM 
.84 
.U 

l.OS 
.68 
.67 

Pat «(. '  htM 

.  .     fRTl 

.  .    tm 
.  .    tm 

Hifl 

The  question  of  influence  of  breed  on  compo^tion  Uas  been  invfti- 
gattnl  lit  tim  Micliipiii  Kx|>«.Timcnt  Htiition.  The  ixwiiU."  slmwiii  dut 
the  variiitions  in  composition  are  too  .tlight  to  be  of  practical  va!u^ 
atid,  an  with  tlie  brown  und  tlio  white  (^PS  '^^  cHKhl  kk  to  be  h-w*  tlan 
the  variations  between  in<lividua]  s]wcimeus  from  the  tame  breed.  The 
inHurnce  of  thi.'  niituiv  of  the  ft^il  wit)*  inveritignted  alio,  and  was  fniind 
to  l»e  of  little  or  no  importance. 

TIk-  flavor  of  (■(ip'  Niirit-.*  m-cordiiifr  to  age,  ihone  which  are  per- 
fectly fresh  having  the  lincrt  flnv<ir.  It  is  dciwndent  also,  to  I'lune 
exti'jit,  ii|)on  t]ie  naturt)  of  tlie  food  consumed  by  the  fowl,  the  best 
eomlnn  from  a  purely  grain  feed.  A  vcrj'  nitnipiion.'*  fired  raiu.'i<'.^  n 
more  or  Ic-.«^  rii.siignMililc  Hnvor  and  odor.  'I'lio  influence  of  highly 
fliivorni  feed  has  been  ctndictl  by  EnicPi'.'  who  fciI  l«u^  with  ii  nition 
containing  wild  onion  tops  and  bulbs,  Afti-r  fifteen  days,  the  eegs 
having  no  uuusuaJ  taste,  each  hen  received  daily  one  ounce  of  tbia 
addition  instead  of  n  half  ounce  as  before,  and  in  three  days  the  ffj»« 
w«TC  fliivoR-d  so  stronjjly  a;*  to  U'  rc]iuf;nant  to  the  ta.«te. 

The  inm  content  of  the  yolk  of  cjitp'  is  said  by  Schmidt*  to  U-  in- 
crmutiHl  materially  by  feisliiig  t^echarate  of  iron  lo  hens.  He  asserts, 
nlsu,  that  the  iron  so  incorponite<l  w  more  ii.->»imilable  than  mo!tt  iroii 
pri-|uinu ioiH  given  in  the  ana?mic  coudition.  Aufslx-iig*  assert*  tiia' 
by  feeding  certain  iron  eom{xnind.-t,  the  iron  content  mn  be  increased 
eight  timi's. 

Xlw  digestibility  of  e^^  has  been  studied  at  the  Miuneitota  E^peri- 

■Govommml  rrimiiiK  Oflifr-,  Wmliiagton,  HWfl.  p.  24. 
'BiiDmIii  WT,  Nnrlh  t'nrnlinii  Kxpcrinirnt  t^alklk 
■  Z^tBohrift  f&r  aiiKcnnnilir  l~Iicmir,  IDUO,  p.  TOGi 
*  PhnnnaeeuliKhe  Ztilunn.  IWX),  p.  30«, 
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ment  Station.'     It  was  shown  that,  while  the  method  of  cooking  has 
some  effect  on  the  rate  of  digestion,  tiie  total  digestibility  is  not  affected. 
E^s  boiled  three,  five,  and  twenty  minutes,  and  digested  for  five  hours 
irith  pepsin  solution,  showed  at  the  expiration  of  that  time  respectively 
8^,  3.9,  and  4.1  per  cent,  of  undigested  protelds.     Cooked  for  five  and 
t«o  minutes  in  water  at  180°  F.  and  similarly  treated,  they  left  no  un- 
digested residuum. 

LASD. 

[  lard  is  the  semi-solid  fet  of  the  slaughtered  hog,  separated  from  the 
tiiiflies  by  the  aid  of  heat  According  to  the  parts  from  which  it  is  de- 
rived, it  is  classified  as  follows:  (1)  Neutral  lard.  This  is  derived 
fiom  the  fresh  leaf,  which  is  reduced  to  a  pulp  after  being  cooled,  and 
tba  rendered  in  the  kettle.  A  part  of  the  fat  b  separated  at  from 
tOa°  to  120°  F.,  and  the  residue  is  sent  to  the  rendering  tanks  for 
fiirther  treatment.  The  lard  obtained  ia  washed,  while  hot,  with  water 
containing  a  trace  of  sodium  carbonate,  common  salt,  or  dilute  acid. 
(2)  Leaf  lard.  This  is  obtained  from  the  residue  above  mentioned, 
which  is  subjected  to  steam  heat  under  pressure.  (3)  Choice  kettle 
ladered  lard.  This  is  obtained  from  the  remaining  portions  of  the 
leaf  leather  with  the  fat  from  the  backs.  Both  the  leaf  and  back  fat 
in  passed  first  through  a  pulping  machine.  (4)  Prime  steam  lard. 
This  is  made  from  the  head,  the  fat  of  the  small  intestine,  trimmings, 
ud  other  &tty  parts. 

The  spleen,  pancreas,  trachea,  and  all  other  refuse  parts  and  trim- 
Jiings,  with  the  exception  of  the  small  intestine,  the  liver,  lungs,  and 
put  of  the  heart,  go  int«  the  rendering-kettle  for  what  fat  there  may 
lie  in  them,  and  the  product  b  variously,  but  not  graphically,  desig- 
nated. 

"Refined  lard  "  is  a  t«rm  used  to  designate  a  lard  composed  chiefly 
rf cotton  oil  and  stearin.  It  is  known  more  often  as  "lard  com- 
poQDd." 

Pbysical  and  Ohemical  Properties  of  Lard. — At  40°  F.,  the 
specific  gravity  is  0.890;  at  100°,  about  0.860 ;  it  differs  not  very 
materially  from  that  of  the  substances  used  as  adulterants,  excepting 
oatton-seed  oil,  which  is  notably  heavier.  The  melting-point  ranges 
fiwn  39.1°  to  44.9°  C.  (102.4°  to  112.8°  F.),  according  t^  the  part 
flf  the  carcass  from  which  the  fat  is  derived,  and  hence  it  cannot  be 
taken  as  a  safe  guide  in  the  determination  of  purity. 

Pure  lard,  melted,  and  mixed  with  strong  sulphuric  or  nitric  acid, 
will  give  only  a  slight  color,  which  may  be  yello\vish,  pinki^^h,  or 
inclined  to  light  brownish.  Cotton-seed  oil  and  other  seed  oils,  and 
mixtures  containing  them,  similarly  tresited,  yield  any  color  l>etween 
yellowish  brown  and  very  brownish  black  or  even  black.  The  re- 
fiactive  index  of  pure  lard  is  materially  lower  than  that  of  cotton- 
seed oil. 

Pure  lard  contains  only  traces  of  volatile  fatty  acids,  .5  grams  yield- 
'  Fsnnen'  Bulletio  No.  87,  Oovemment  Printing  OfBce,  Wnj-hinKtim,  ISiKl,  p.  2'i. 
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ing  ail  iininnnl.  whioh  h  ucutin1ize<I  by  ^  or  J  of  u  cc.  of  tlcctiKimm] 
^ium  hydnite  solution.  The  aou-vol«tile  fatly  acids  are  prcaieiit  u> 
the  extent  of  about  !)-^  [kt  cH-iit.  Tlii'  iodiin-  iib?or{iti<m  number  %tiri» 
ucoonliti^  to  \\ip  {ttirt  of  the  carcoMi  from  wbicli  tliu  fut  U  derived,  but 
averages  about  liO,  Tht*  imliiu-  niimlx'T  of  e()ili.ii-!<«-«l  oil  i«  about  lOfl. 
ami  llial  of  stftiriu  Ik  itpproximutcly  20.  Thus,  tbiw;  Mibstauccfi  ushI 
a*  adulteraiitji  may  be  mixed  in  nuch  proportion  as  to  yield  the  nonual 
iodine  number  of  ki-d. 

With  nitrate  of  silver  solution,  pui-e  lard  caii?*es  no  more  tban  ihi" 
veiy  Hligble^t  iimounl  of  nHiuctiDii,  luid  gi-tu'nilly  iioin'  at  all ;  but  vilton- 
iscffl  oil  «iow^  n  very  marked  retlut-liou  of  the  salt  to  tbc  metallic  state, 
with  tbere-^ult  that  the  niixiun^  haii  a  brouiiinli  or  bluek  ap[H!:iraii<« 
from  tlic  iiiiurilf^'  blufk  jjartielts  tormed. 

A  small  amount  of  lard,  dii«olved  in  a  mixture  of  wfual  part,  of 
itltiobol  Hnd  ntronj;  eibiT  in  u  ttwt-tiilK-  and  allowed  to  st.tuil  in  a  cool 
place,  will,  when  the  solvent  in  lai^e  part  is  eva|iorated,  show  ma^NS 
of  cry>talfl,  which,  on  exam Iiwt ion  utidi-r  ihc  microsrom',  an-  !«h-ii  t«  lie 
rlmnibie  and  cxlri'tuily  variable  in  sire.  Beef  stearin,  similarly  treated, 
shows  fau-sh:iped  anil  duniblHll-sliiiitod  clnsttan  of  needle  fn,-stal», 
Mix(ui-o.-<  of  pure  lanl  iitiil  Ix-ef  stearin  will  filiow  Ixrtb  forms  of  ervs- 
tals.  Sometimes,  when  ciysiaUiTJitlon  pnK«eds  rapidly,  the  ciystaU 
fnim  pUR-  liirfl  an^  cxln'nuly  !<n)ull,  and  «iv  cluflerw!  in  iturh  a  way  as 
to  be  distinguished  from  beef  stearin  crystals  only  with  great  ditlicuttA-. 
It  is  e!^-«'iiliitl  tiiiil  till-  I'lTsljdliKiiif;  pivicci  nhiill  pr<M'wd  slowly,  aru) 
that  the  amount  of  lar<l  dissolved  iu  li;ilf  a  tcst-tnbc  of  the  solvent 
sbidl  lie  quite  siiiall — not  lai^ir  thiui  n  Isirge  ]»ea.  Tlie  muiitb  of  tbc 
teat-tube  should  be  stopped  with  ooltoti. 
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Section  3.     MILK   AND   UILK  PRODUCTS. 
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Milk  is  a  solution  of  :<ugitr,  miiicnd  innttt^r,  and  protcids,  with  other 
protcidf)  and  fat  in  suspension.  Its  composition  is  verj'  variable,  not 
idunv  ax  betwu-n  ditfi'ivtii  siKi-ie.-<  of  mamnialiii  by  which  it  i>  pHMhu^, 
but  as  between  different  Individuals  of  the  same  s)NKrii?s.  Of  ibe 
iloiiiCiitie  nniinals,  the  a.ta  and  mare  produce  milk  which  mosit  eIo»<el]r 
approximiites  tlmt  of  womau  In  ouipiisifion,  but  our  ebief  interc^  in 
milk  as  an  article  of  ftHxl  in  general  use  lice  in  that  proihicetl  by  onvrsM 
uud,  to  a  wrtaio  c\tcnt,  in  that  "f  giiits,  whi<-li  i.«  veiy  finiilar  in  com- V 
position.  While  the  composition  of  milk  of  uther  animals  than  those 
alniidy  uient^oiMHl  can  Im^c  for  niont  of  us  nu-ri'ty  a  M-k'utifle  intern^, 
it  may  be  of  some  practical  utility  In  the  inauagcment  of  bres^l-niilk 
to  iMtir  in  mind  that  the  milk  of  .-ininials  who.-ie  diet  is  lately  or  ehie-fly 
meat  is  richest  in  tluvsr  elcmiuts,  the  protei<l.'',  that  an-  most  commonly 
at  the  bottom  of  dige^^tive  dislurbances  in  br«isl-fed  children, 

CompoaitiOD  of  Cows'  Milk The  composition  of  milk  ofnv 

good  (jnality  may  he  exprwwetl  fairly  in  rounif  numbers  as  follows 
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Vt 4.00 

Sagar 6.00 

Proteida 3,30 

Uineral  matter ^-'^ 

Total  solids 13.00 

Water 87.00 

100.00 

According  to  Vieth,  the  average  compositioD  of  more  than  120,000 
amples  analyzed  in  England  was : 

Pat 4.10 

Solidfl  not  fal 8.8Q 

Total  solids 12.90 

Water 87.10 

100.00 

Tbe  average  of  a  lai^  number  of  analyses  made   in  this  country 


Fat 4.00 

Sugar 4.95 

Proleidn 130 

Hlneml  mfttter 0.75 

Total  solids 13.00 

Water W7M 

100.00 

^  milk  yielded  by  426  cows  from  private  farms  in  Massachusetts^ 
udby  17i>  more  belonging  to  public  institutions,  was  analyzed  by  the 
utbor  and  bis  associates,  and  foimd  to  give  the  following  results :' 

426  cows  from  private  lanns,  total  solids 13.36 

175  cowB  from  public  inBtitutiooB,  total  solids 13.00 

601  cows  (both  cknea),  total  Bolids 13.26 

Ht. — The  fet  of  milk  exists  in  very  minute  globules  which  vary 
riifcly  in  size,  the  largest  being  between  six  and  seven  times  larger 
^  the  smallest,  but  the  latter  are  most  abundant.  Wbetlier  or  not 
^  bave  an  albuminous  envelope,  is  a  matter  of  doubt,  tbe  evidence 
f  and  against  being  about  equal,  and  of  no  great  importance. 

It  consists  of  glycerides  of  ten  different  fatty  acids,  five  of  which 
Jong  to  the  non-volatile  and  five  to  the  volatile  class.  The  glycerides 
'  the  former  group  constitute  by  far  the  greater  part.  They  are 
«rin,  palmitin,  olein,  myristin,  and  butin ;  the  two  last  are  present 

very  minute  amounts.  Those  of  the  latter  group  give  the  character- 
tic  butter  flavor.  They  are  butynn,  caproin,  caprylin,  caprin,  and 
nrin ;  the  two  first  are  tbe  important  ones,  and  ti^ther  amount  to 
*er  7  per  cent,  of  the  whole  fat ;  the  three  others  are  present  iii  but 
significant  traces. 

'  .Uoericaii  Experiment  Station  Record,  V.,  No.  10. 

'The  detailed  analyseis  with  data  an  to  breed,  natnre,  and  amount  of  feed,  etc.,  can 
(lund  id  the  (Hmphlet  imued  by  the  Slalf  Hoard  of  IleaUb  ;  Reiiiillx  of  Inqiiirie!< 
iuivt  to  tbe  Quality  of  Milk  as  Produced  in  MH.-«ichuHclts.   Boston :  February,  1887. 
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Till'  thl,  Ixiii);  lilt'  li^1il<:»t  [Ktrt  (>(  milk,  IpncLi  to  nut  Ut  tU-  Mirfin 
when  tlip  milk  is  ullowul  li>  »tHn<1,  ittii)  iIhii  furm^  -a  InyiT  whi<;Ii  i 
know  art  iTt-iim.    Tliis  rnntains  not  fnt  alfnir,  Imt  iill  of  tbt  or>ii«iuii'n 
ol"  tilt-  milk,  mill  i«,  tluTcfiiif,  Mmply    milk  (imtiiittiiif;  nn   rxw-t^in 
amoimt  of  tat. 

Ii  U  n  rj>i:iiimTt  error  lo  n'j^ml  titc  di-jxli  of  tin-  (rniini  Inycr  v,hkh 
furni»  <in  i-tuniUng  a  fjivcn  li-ii);tli  til'  tiiiif  iii^  uii  iiifatlibtc  meaf-iirv  of 
tiic  ricbiiMW  111'  tlifl  milk  liv  wliifh  it  is  vii^Wcd ;  but  rnmii  il-xt-  not 
alwiivj<  ri^i."  well  in  ricli  milk,  even  iilU-r  Hiiiitliii);  iimn-  lliaii  twenty 
fmir  hoiifrt.  'riip  aiitlior  rriK'alwlly  ha»  fniiml  llit?  iH-rtftitiip-  of  rnum 
thniwii  ii|i  l>_v  II  .x|Mi-itiicii  t>f  milk  in  n  100  ixr,  f;nuliialc  in  tw<-iitv-l'>ur 
huiiK,  as  muuiiiirc*!  bv  tin-  lintf'  iif  gnitl nation,  to  he  less  tltau  ihc  nettul 
innfj-niap-  of  fiit  a.-*  .■'hoMii  bv  analvnin.  Tin-  ni[iitlity  witb  wbifli  thi'  ftii 
Hnib  il."  way  to  tbf  snrlluT  iK-|>cn(l!i  Iiirj^tly  ujxm  (lie  s'iz/e  of  llir  fill 
glnbiik*.  The  largi'st  rit-c  lin*t,  iital  tlio  vory  ftmallts-l  may  ii>ii  rise  it 
vli.  Af^iin,  u  »'ut4Ti^-tl  milk  tlki\>w*f  up  Ui^  fat  mun.-  t|iiiokly  tlian  i 
oomial  njwcimeii,  altliougl)  it  tim^g  not  tiMitaiii  as  mnch.  It  appfur', 
then-forf,  lliat  »  milk  of  iiift-rior  trnolv  miiy  iiimUt  sonic  (■ircnnii*t:iiiii'« 
«how  a  deeper  eream  layer  tliaii  a  milk  of  nniisiial  rielmei^  < icno rally 
e[>euking,  lKlWl•^'l^^,  a  rirb  milk  will  iiHually  ritiow  i(.«  ijiiiility  on  sttiiiilin^ 

I'hi.':  Iir»t  part  of  a  milking  ii-  atuayH  (Kxir  in  fat,  the  middle  jmn'm 
contains  about  the  avcnige  amoiiiit  of  tlu-  ubole,  nn<)  llie  lust  [xirtion  v 
nlwayii  tbe  ricbest.  The  fir«l  [wirtion  is  known  n«  "  fon-milk."  (lif  U*! 
as  "  iitripi>injpi."  A  spe<-imeu  of  "  !»tn]ipii)gs,"  aiial^n:^  by  tlip  autlntf, 
gnvv  the  following  r»i(iit« : 

Fw «.« 

8uK«r 4.00 

Pwwiib  .       «1 

A«h JIT? 

Ti»l»>lid* 18.8S 

W«et 81.18 

100.00 

MUk-fusar. — I^nctoso  or  »ngnr  nf  milk,  is  pecnlinr  lo  milk.  It 
much  Ic6«  soluble  iu  u-ater  tliuii  de^ctnise  und  sueniM'.  HeiiliMl 
lOO^-t.'tl"  C,  it  bi<i»ii)<>s  (■han}re<I  in  color  to  bmw-niiUt,  ami  at  liighe 
tfinperalmw  liws  wat«T  of  eryistnlliration  nwl  iindergoe!<  fiirtbt-r  ehiiii); 
At  \7^°  C,  UetoeitRimel  is  tonuf^.  Wliea  liealetl  in  snUition,  iu  mi 
itwlf,  for  r\am]ik-,  it  licf:!n>i  lo  nntlcrpt  (K-eomjMK'ition  ehang<«  lit  7(1 
C.  and  above.  Through  the  atrtitm  of  the  laetir  feniiMiti^,  it  givcK 
(o  lactie  arid.     In  tlw-  })olftri.*oono,  it  is  dixtmrotary. 

Froteids. — The  f;ix«ler  [wrl  of  the  proleidf  oC  milk,  alxnit   80  pi 
cent.,  ie  ci^ein.  or,  iis   it   \&  ealltil  soineiinves.  ca^iiiof^n.      It  eoiit:iin!> 
both  siiliiliiir  and  phosphiinir>,  nttd  is  in  intimate  ci)inl>iiuitii>n  with  cnl- 
rtiiiu   ]iliiK<]iliatv.      It  iv  not  etMpthited   by  licat,  but  is  pre<eipitate<l   by 
Hei<)A,  by  whieh  the  conibinalion  is  broken  n|».     In  the  pre^'inv 
laetic  acid  in  !<jimll  lunonnltt,  due  to  the  Imiikin^  ii]i  of  latntwae, 
hition  is  luii^eiied  by  th«  ajiplicHtinii  of  gentle  beat.     This  pheaomt-m 


MILK.  86 

is  oJ)eer\'ecl  very  commonly  in  the  case  of  milk  which  to  the  taste  is 
apparently  aweet,  but  which  is  "just  on  the  turn." 

The  chief  part  of  the  reominder  of  the  proteids  is  laetalbumin.  This 
ia  coagulate  by  heating  to  65°— 73°  C,  but  not  by  dilute  acids.  It 
attains  sulphur,  but  no  phosphorus.  lu  amount  it  ranges  from  0.2 
to  0.8  per  cent.  It  is  much  more  abundant  in  coloatram.  The  re- 
maining proteids  are  lacti^lobulin,  which  is  coagulated  by  beat ;  lacto- 
pnitein,  ooagnlable  by  neither  heat  nor  dilute  acids,  and  fibrin.  Each 
ciigts  in  but  very  small  amounts. 

UnenU  BCatter. — The  mineral  matter  contained  in  milk  cousists  of 
phosphates  and  chlorides  of  potassium,  sodium,  calcium,  and  magnesium, 
ind  estremely  minute  tnices  of  iron.  Of  the  bases,  potassium  is  the 
met  abundant,  with  calcium,  sodium,  and  magnesium  in  the  order 
givKi.  The  phosphates  predominate  over  the  chlorides.  Part  of  the 
cilcium  exists  in  combination  as  phosphate  with  the  casein,  and  the 
let,  according  to  DaDileivsky,'  as  mono-  and  tricalcium  phosphate  and 
in  CDmbination  with  citric  acid.  Part  of  the  magnesium,  also,  exists  in 
combination  with  citric  and  other  organic  acids.  lu  very  small 
uwunts,  these  are  normal  constituents  of  milk  of  various  animals.  In 
hnman  milk,  citric  acid  is  present  to  the  extent  of  about  0.05  per  cent., 
ud  in  cows'  milk,  it  is  about  three  times  as  abundant. 

Bpedflc  Q/iKTitj. — The  specific  gravity  of  cows'  milk  of  normal  com- 
pvdlion  ranges  from  1.029  to  1.034.  It  increases  very  slightly  for 
iboat  Sve  hours  after  the  milk  is  drawn,  and  then  becomes  stationarj-. 
TV  bcrease  is  believed  to  be  due  to  molecular  modificatitm  of  the 
laseiii,  and  not  to  the  escape  of  gases.  It  is  lowered  by  fat  and  water, 
ind  by  the  presence  of  bubbles  of  air,  and  is  raL-ied  by  removal  of  cream. 
BucUon. — \Vlien  freshly  drawn,  milk  shows  the  so-called  amphoteric 
fraction;  that  is,  it  is  acid  to  litmus  and  alkaline  to  turmeric.  The 
alkaline  reaction  is  intensified  on  warming,  but  the  acid  reaction  is  not 
influenced  thereby.  On  standing,  the  alkaline  reaction  is  overcome 
\k  the  lactjc  acid  which  is  fomie<i  gradually  from  the  sugar,  and  the 
W(i  reaction  ls  increased  in  consequence  of  the  same.  The  original 
Md  reaction  is  due  to  the  presence  of  phosphates,  the  alkaline  to  alka- 
Hoe  carbonates.  Human  milk  is  normally  alkaline,  and  that  of  car- 
oivora  b  acid. 

Appsuuice. — The  appearance  of  normal  milk  is  too  familiar  to  need 
description ;  but  under  certain  rare  abnormal  conditions,  milk  may 
vsame  different  colors,  including  blue,  yellow,  violet,  and  red.  These 
disDges  of  color  are  due  to  the  action  of  certain  bacteria,  and  are  always 
eijdence  of  unsanitary  conditions  to  which  the  milk  is  ex|x»sed  at  the 
dairy  or  during  distribution  and  storage. 

Blue  milk  is  due  to  the  action  of  B.  cyanogenes,  which  produces  a 
blue  color  in  no  other  food  material.  For  its  development  it  recniires 
the  presence  of  lactic  ferments,  jind,  therefore,  has  no  effect  on  milk 
that  is  sterile.  Another  organism  capable  of  producing  the  same  etfoct 
is  5.  nfantojluorescens. 

'Wnitech,  1901,  p.549. 
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A  rpd  color  may  be  causwl  by  B.  jtrodtgwmu  or  B.  liicH*  n-ythri» 
gmff,  wniHiuicK  by  blood,  nnd,  it  is  naid,  br  ntaddcr  and  nthcr  ni 
«t)Io^in|^■^lattpr  in  tbe  feed.  Yellow  i»  miwi-d  by  H.  agtkxtntihm;  kuiF 
vi<)Ii'i  by  /{.  ritjitivus. 

A\\  <>t"  tbwo  iibmirnml  milk)'  urc,  tvidc  fiiim  ilicir  uhiitviiiii);  ii|ipi-ar- 
Miuv,  iiiilil  for  li'id,  »'tatf  they  are  likely  to  cziuse  g»«tn>-ii)t(.'sli»:il  irn< 
tuti<rD.  Tbii)'  Kiobcrl '  n'<HinU  »  niat:  of  tvvtw  diurrliini,  with  vrn 
t)Ri:n.'<iv«  ^looU,  in  a  obild  of  nine  tuonlbf,  whivh  Wfw  tkic  lo  nil  iiiilli 
aiiixcil  by  II  liiiirilbi.-*  (]iriilKibly  J{.  laeti*  ergUirot/enf*)  jiKM-nl  in  llic  inflk 
dui-ti4  St  the  time  of  milking. 

Anolbi-r  iibiinmial  contlitioD  raiixed  by  a  lai^  variety  of  or^puiuim 
b  cbariicti-riKi!d  by  nlti.'nitiiiii  of  tliv  iialiiinl  t«>ni>i»t4*nn>  tu  vnfvt 
iilimiiit-sH,  wliioh  appears  ouly  some  boiir»  alter  the  milk  in  dn«^. 
Slimy  or  "i^>py"  milk  i1itowj>  up  nn  crciini,  mid  <«iiii<>t  Ik- oliuin^d, 
but  i))tii<iu^b  it  if'  mot^t  replicant  to  tbc  i^iiies,  it  4^u-t«  no  dtf,'r«tivp 
<liMtiirb»novM  if  tiigi^<.-d.  In  tliroe  E>p(x-imrnt«  of  mpy  milk  fmm  u 
many  different  vreumcriee  in  tbv  f>tute  of  New  York,  Ward'  fouml  tlK 
cliangt-  diw>  lo  B.  tiKtU  rimvMi*  (Adametn), 

Taste. — ^Tlw  flavor  of  milk  ii*  ni<Klitiol  vcr^-  wnsibly  by  tbeeluK- 
acler  of  the  feetl  and  by  the  absor|ttion  of  gai^ei  and  volatile  miittei»flf 
all  kiniU  It  i."  Bffwtwl  wry  nwlily  by  turnips,  gnrttc,  wild  i>ia«i, 
mouldy  hay  and  gada,  dii>tillei7  swill,  and  damaged,  rotten  uisllap^ 

Bitternfttti  of  laMo  may  Ik'  "bie  eiliier  to  some  coiLtlitnent  of  the  ttii 
or  to  biMteria.      When  due  to   (ixsl,  the  lactc  is  bitter  from  tbe  \T'y 
firit,  but  when  niusol  by  biu-1<Tial  agt'noy  it  rU'veliips  Home  tiin*'  aftf' 
milking,  wbi-n  the  oiyuniF^m^  nbiili  ihimIikv  il  have  Itad  the  oppirti^- 
nity  to  aet  ui>on  the  protdda  or  whatever  ooiiHtitiienl  may  1m.-  oontvmoi- 
It  inay  Ik  due  nloo  lo  inllammiitory  mnditioiix  of  the  wider,  in  vtlac^ 
case  it  may  or  may  not  1>e  notit-«ible  when  the  milk  if-  fn^bly  dra^a- 
Tbe  b;M'1»Tiit  roiiiiT:«il  in  piv>diifin)i  bittenieKf  mny  i-jci»t  in  ibeiltirt* 
of  llie  t«it(f,  or  may  eome   from   I'tnblc  filth.      Dammiin^  mentiun^  * 
case  in  which  the  jiereiMently  bitter  ta^tc  dimpiHtirol  aArr  tlwIlMdl 
of  the  .xtnblo  wuh  rl^^nu-d  and  dixinfeeted,  and  the  ibiets  of  llie  IMIiT 
eyrinjp^d  out  with  diF^infeetanl  dilution.     Strong-«mellii)^  diMnfeelunti 
may  not  be  u.-^wi  in  d»iri(?>  Ih-(iiiiiu>  of  tbc  rcwlinetw  with  wbieb  milk 
al)M>rln^  <xlor«.   This  al»<>r[>tive  ciipueity  is  sn  wdl  i«cojjiitzetl  tint  milk 
{(•  sIoth)  oomnionly  in  (ie|iamte  eom{iartnients  of  n-fngeniton!,  nwiiy 
from  foTMU  whii-h  evolve  diMinet  (wiow. 

ProMnce  of  Alcohol. — Oi-tiller*'  hwIII  itot  only  caumw  a  ileeidcdly 
Wl  flavor,  but  iniiy,  in  ni)<litt(>n,  and  i-i.ntiiiri'  irt  a  Kc-ncraily  ai-tvptcd 
idiii,  «inM*  nn  iiieojiiilie  milk.  Thus,  aecorilin);  to  H.  W,  Weller,'  a 
Hiinple  of  milk  derived  from  cows  fe<l  on  <lii>ti)lei7'  refm<«  containiiq; 
6,!H)  per  rent,  nf  akoliol  yielded  in  addition  to  a  high  pni)iortti>n  of 
DiUk  Holidjt,  0.9C  per  cent,  by  weijflit  of  aleobol.     The  milk  was  coni- 

■Zcllwlirift  fur  Hi-iH-h-  nnil  Milcbliv)clon«  Vn].,NaLfi. 

*  Soimw.  iwi,  Nn.  .122. 11.  sat, 

*  Dwitarlw  llilphintlii-lic  WfM'hi^nvhHn.  1897,  No.  1. 

*  FkinchiniK(ib«rlclil«  flher  l«t<eiinDini-l,  cWi,  IM",  |x  SOOi 
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tlained  of  od  acooont  of  an  unpleasant  after-taste.     Teicbert'  records 
i  case  in  which  calves  and  lambs  &iled  to  thrive,  and  many  died  from 
I  form  of  diarrh(Ea.     The  mothers  were  fed  on  distillery  waste,  and 
vidded  milk  containing  alcohol.     That  alcohol  or  something  connected 
therewith   may  be  eliminated   in  milk,  is  shown  by  numerous  cases, 
uiHHig  which  are  the  foUowii^:    Vallin'  records  that  a  nursing  infant 
ns  seized  with  convulsions  with  great  regularity  on  Mondays  and 
Thursdays,  but  was  quite  well  on  other  days.     Investigation  showed 
ihat  the  wet-nurse  on  Sundays  and  Wednesdays,  her  "days  out,"  was 
in  the  habit  of  drinking  freely  of  alcoholics.     The  curtailment  of  the 
privilege  was  followed  by  disappearance  of  the  difficulty.     Farez'  cites 
2  csaes  which  show  the  bad  influence  of  alcohol  on  nursing  children. 
In  one,  the  wet-nurse  drank  wine  at  meals,  and  especially  in  the  even- 
ing, and  the  child  never  ceased  fretting,  crying,  and  screaming  from  9 
o'clock  until  11.     The  nurse  complained  bitterly  of  the  naughtiness  of 
(be  child,  and  was  grieved  at  the  su^^estion  that  she  was  herself  at 
fault  through  drinking  too  much,  but  she  was  induced  to  abstain  from 
ilcuhol  entirely,  and  from  that  time  there  was  no  further  trouble.     In 
the  other  case,  the  mother  drank  tea  at  noon  and  M^ne  at  dimier,  and 
the  child  was  quiet  during  Ihe  afternoon,  but  screamed  and  fretted  all 
tlie  evening  and  until  midnight.     A  change  to  wine  at  noon  and  tea 
»t  dinner  produced  a  corresponding  change  in  the  behavior  of  the 
tlild,  the  turbulent   period   occurring  in  the  afternoon.     When   the 
Bother  eliminated  wine  from  her  dietary  entirely,  the  trouble  ceased. 

Ckilostnmi. — The  milk  secreted  before  and  in  the  early  stage  of 
Wtation  is  known  as  colostmm.  It  is  a  yellow,  somewhat  viscid  fluid 
(^  etrwig  odor  and  acid  reaction.  In  composition,  it  diders  very  ma- 
•nially  from  milk,  particularly  iu  its  percentage  of  proteids.  It  con- 
tting,  liometimeH,  so  large  a  percentage  of  lactalbumin  and  lactoglobulin 
I^t  it  is  coagulated  by  boiling.  Its  content  of  casein  is  about  normal, 
iwit  it  is  not  coagulated  by  rennet,  or  at  most  imperfectly.  In  the  early 
tiges,  its  sugar  is  dextrose  and  not  lactose.  According  to  Tiemann,* 
H  ranges  in  specific  gravity  from  1.0299  to  1.0594,  in  fet  from  0.56 
to  9.28,  in  proteids  from  4.66  to  21.78,  in  ash  from  0.82  to  1.25,  and 
in  total  solids  from  12.93  to  32.9.3.  Under  the  microscope,  it  shows 
luge  corpuscles,  known  as  colostrum  corpuscles,  which  disappear  within 
two  weeks  at  most  after  the  time  of  calving. 

Ohanges  Produced  in  Blilk  by  Boiling. — Boiling  causes  greater 
walescence  of  the  fat  globules,  changes  in  the  character  of  the  sugar, 
on^lation  of  lactalbumin,  and  destruction  of  micro-organisms  and 
frnnents,  Boilwi  milk,  therefore,  will  keep  better  than  raw  milk.  The 
enim  which  forms  on  the  surface  is  lately  fat,  aiuein,  and  hictalbn- 
min,  and  occurs  in  consequence  of  rapid  eviiportilion  at  that  point. 
Boiled  milk  is  digested  slightly  less  readily  than  raw  milk,  and  sour 

>  Milch  ZeiluDD  1901,  p.  I4S. 

'  Revue  d'Hypfne,  1896.  p.  953. 

»  Tribune  niMicBle,  June  20, 1900,  p.  488. 

*  Zeilschrifl  fur  phTtiiologisehe  Cheiuie,  1898,  p.  363. 
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milk  i»  (lijriMiUtd  more  readily  than  eillirr  ;  but  boiktl  milk,  w  will  be 
notui  lat«r  {see  page  02),  in  not  ahviiyn  a  dcjiirable  fi)od  for  yoiin]^ 
iiiliiiit.->,  uii  jKToiint  lit"  its  cluiiigtsl  clmnirtfT.  Tlio  <|iK'!»tion  whctlicr  or 
not  a  given  niilk  has  heeu  lioiletl  may  reatlily  be  determiue<i  by  the 
a|ipli<-al)iiii  of  siiiipli-  tc.its  (wi-  Aimly^-is  iit'  Milk). 

Changes  Due  to  Bacterial  Action. — At  unliuary  tcmpcratuivis 
milk  MH>ii  b(>^inH  li>  iitxliTgo  i-biiti^>.i  iiul.iiittil  hikI  ciirricil  iilmt);  by 
various  !.pe<;i(»*  oi'  niicm-m-gsiHif'ms  whidi  esirt  iu  the  <]ticte  of  the  leaia 
or  fall  into  tlii^  juiil  from  tlu!  i-xt<!niiil  Hurfim*  nf  tlit'  udrlcr  or  enirn>iiu<l- 
iiig  piirts,  or  fiiini  tht  air,  or  from  the  bnl10l^  and  clothe*^  of  the  milker, 
or  which  are  ali-cjuly  prtwcni  in  tin-  ]iiiil  or  nlhcr  vc-isi-l  into  ubioii  tin- 
milk  is  rwrivi'il.  Thi'  moft  whuiiiuh  t4uiti{p'  is  bnni;f!il  iiljoiit  by  the 
laciic  ferments,  of  which  more  than  a  hiuiditxl  »|»ifit-s  have  already 
Ixx^n  idcntitied.  They  utturk  tht-  milk-Hii^ur  iitid  ciiu«'  the  fomuitioo 
of  liictio  acid,  wbidi,  on  aeciimiilatiu};  in  sufGeient  amount,  RaUM»  the 
milk  to  (.'lutlli.'.  Tbt.'ir  miillijiIicEitinti  iiniit-il^  mwt  ni[>idly  hI  trm- 
pi-ratures  ranging  from  'J^i"  to  IJO"  C.  Therefore,  in  order  to  inhibit 
their  action  as  tiir  as  |uiN<ilik-,  milk  should  Ik-  (iHikt)  without  dcrlny  nod 
kept  iu  stonige  at  Ion  temperature.  In  addition  to  the  laetic  fejTn«nte, 
there  are  others  whiili  arc  known  nj*  i-ii.'it^in  fernients.  These  produce 
a  sulwtiincf  iinich  like  reiiiii't  in  its  adion.  They  may  act  in  ibe  ab- 
»0ioe  of  the  laetie  foi-nicnls,  and  then  their  action  is  an^onipaniod  by 
the  dvvclopiiicut  of  alkalinity. 

Under  certain  conditions,  in  addition  to  changes  in  taste,  color,  and 
oon^tii^tency  already  iioti-d.  intt'iisely  poisonous  benzene  derivatives  an; 
formcil,  tho  im)si  iiii|M>rtant  of  which,  dinwilHuiBcne,  csillcd  by  iLs  tli»t- 
ooverer,  I'rofessor  V.  C  Vaiipbaii,  tyrotuxicon,  i*  the  cxcitiiip  cvum: 
of  th(!  train  of  symptoms  eoiunionly  known  as  milk  poisoning,  cheese 
|R>i*iiniii{i.  and  iocvim'Mm  )MJtMoniiig. 
c  A  nninbtr  of  other  oi^.ini!ims  i-on»ititute  the  ffroup  of  so-called  butyric 
fbrntcnts,  niimv  of  wliirh  mi-  of  ihi-  cla.-w  of  easein  f*'niicut,->.  Tbcy 
cause  the  iJi-orluction  of  butyric  acid   in  the  dce')n)ptisitit>n  of  proteicL, 

[n  wtnsiHiuHK^'  of  the  acliim  nf  the  varions  species  of  oi'giuiisms,  it 
ia  imjiortuiit  that  luiett^'riu  in  general  «bou1(l  bi^'  ciceludci)  «»  oumplctely 
B.S  possible  fri>m  milk  by  the  observance  of  the  utmont  cleanliness  in 
milkinp,  liaiidlin^,  ami  storing.  Tlic  milk  of  eowfi  sliillcd  in  budiv 
ventilated,  unclean  slablen,  and  of  cows  with  imclcaii  udderw,  will  doeom- 
|X)»L-  much  more  rapidly  than  that  of  cuvvs  kept  nndcr  tx'ltcr  siinitiir^' 
conditions.  Even  when  the  cow  and  ber  iinrroimding^  are  kept  in  a 
clwmly  stnte,  the  veir  first  jiiirt  of  a  mitkini;  slmuld  W  rejected,  on 
account  of  the  veiy  larp-  nundurs  of  bacteria  present  in  the  ducts  of 
ibc  Iwtts.  I'nder  even  the  lK-siofcr>niliiions,  nuuiy  Ixtcteria  are  piY*ent 
in  freshly  dmwn  milk,  and  these  incn^ise  rapidly  in  number  unlcM 
killed  by  the  action  of  heat  or  other  gcrraicifles.  Indeed,  it  has  l>een 
fouml  !ni|>(i!vMblc  in  the  majuritv  of  exfierimcntti  to  obtain  sterile  milk 
even  when  the  greatest  precautions  have  been  observed  to  exclude 
cxtrnntiius  organisms. 

The  lirst  part  of  a  milking  is  riohet^t  in  bacteria,  becnuee  lhos<;  whicb 
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hive  multiplied  withio  the  duct^  of  the  teat^  since  the  previous  milking 
an  expelled  mostly  with  the  fore-milk,  but  even  the  very  last  portions 
of  the  strippings  may  contain  as  many  as  500  bacteria  per  cc.  Thus, 
Scfiultz'  found  in  the  first  portions  of  cows'  milk  97,240  iter  w.,  in 
the  xtrippings  500,  and  in  goats'  milk  78,718  and  665.  For  the  attain- 
ment of  the  best  results  as  to  keeping  qualities,  all  dirt  should  be 
bnshed  from  the  cow  before  milking,  and  tlie  udder  and  flank  should 
te  dampened,  in  order  that  dust,  fine  dirt,  aud  bacteria  may  be  retained 
h  atu,  and  not  fall  into  the  milk-pail,  which  should  always  be  perfectly 
clean  before  use. 

The  difTerence  in  the  number  of  bacteria  which  fall  into  milk  wlien 
proper  precautions  are  observed  and  when  they  are  neglected  is  very 
ronsiderable.  Thus,  Soshiet  found  that  the  milk  of  a  oow  with  a  dirty 
udder,  stalled  in  a  dirty  stable,  kept  sweet  50  hours  at  ordinary  tem- 
perature, and  that,  when  her  udder  was  washed  and  she  was  milked  in 
tbe  open  air,  it  remained  sweet  a  day  and  a  half  longer.  Still  more 
bUructive  are  the  results  obtained  by  Freeman,'  who  exposed  plates, 
3.5  iDches  in  diameter,  for  two  minutes  as  follows :  ooe  in  the  open 
lir,  one  inside  a  bam,  and  a  third  in  front  of  the  milk  pail  under  a 
oow  in  the  same  barn  while  being  milked.  The  first  plate  showed  6, 
Ihe  second  111,  and  the  third  1,800  colonies.  Such  a  number  of  bac- 
laia,  falling  upon  so  small  a  surface  within  so  short  a  time,  is  an 
index  of  the  enormous  number  which  may  fall  into  a  pail  during 
the  time  required  for  a  complete  milking. 

The  enormous  number  of  bacteria  which  may  be  commonly  present 
inordinary  market  milk,  the  great  influence  thereon  of  non-obser\-ance 
of  the  strictest  cleanliness,  and  the  extreme  rapidity  of  multiplication 
inder  favoring  conditions,  are  shown  in  most  striking  manner  by 
V.  H.  Park,^  who  exposes  the  inexcusable  lack  of  cleanliness  in  the 
mabods  of  procuring  milk,  and  of  care  in  cooling,  and  in  keeping  it 
unring  transportation  to  the  city.  Milk  from  individual  cows,  u'liere 
"oy  reasonable  means  was  taken  to  insure  cleanliness,  yielded  an  aver- 
•ge  of  6,000  bacteria  per  cc.  when  5  hours  old,  and  kept  at  45°  F.,  to 
which  temperature  it  was  cooled  soon  after  it  was  drawn.  Afier  24 
Wre,  the  average  number  fell  to  1,933;  af>er  48,  it  increased  to  17,816. 
Uilk  taken  in  winter  in  well- ventilated,  fairly  clean,  but  dusty,  barns, 
•nd  cooled  within  2  hours  to  45°  F.,  the  visil>le  dirt  having  been 
denned  off  the  hair  about  the  udder,  the  milkers*  bauds  wIimkI  off,  but 
oot  washed,  the  pails  and  cans  clean,  but  the  straining  cloths  dusty, 
yielded  the  following  average  figures:  At  time  of  milking,  15,500; 
»fter  24  hours,  21,666;  after  48  hours,  76,000.  Milk  taken  fmm 
tows  kept  in  ordinary  barns,  the  conditions  as  to  cleanliness  of  sur- 
nwodings  and  method  of  milking  being  about  what  obtain  on  the  aver- 
ts &nn,  yielded  the  following  average  figures : 

'  ArohiT  tiir  Hvgiene,  XIV.,  p.  260. 

■  Mediol  BecoVd.  March  8,  1896. 

■  Journal  of  Hy^ene,  July,  IW],  p.  391. 
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6hortK  Mtmi  niitking 1U,0&0  SO^BA 

AfUT  24  lioiin 31.000  4»fiOO 

Attvt  48  hour* 210,000  080,000 

Twenty  smnplet  of  average  milk  taken  immediately  on  arrival  in 
the  eily,  roueli  of  it  having  been  tmnttjtorted  more  tliiiii  2iXt  miles, 
yirhlcfi'  fivm  .52,000  to  ;)fi,200,(H)0  biiPteriii  ikt  cc.  (average,  5,«I5»,- 
850),  The  average  tem|»eratiire  of  the  bamjiles  ^vhcii  taken  fnim  the 
imns  wn-<  4.'>''  F.  Milk  iw  wfld  in  the  nhopgi  ijuriii);  the  morning  hours 
yielded  the  following  averages: 

Fmm  Unommt  dlntricu,  inid-winH>r(lA  <<iiiipl««)  ....    l,9T7,6ft2 
F"ivm  well-Uulo        "  "  (10        "       i  327.500 

From  ii-ii>;mcni        "        twplcinbcii   5       "       )-       .   .  l.%Irt3,tW0 
Fr«in  wcil-todo         "  "  {  5       "      )  .    .   .   .    1,1X11,400 

Oonccniinp  the  infliicnw  of  temjK'mtiire  npon  the  nipidity  of  bacte- 
rial muIli])liwition  in  milk,  it  is  notrtl  timl  milk  which  is  niitidly  nni 
iinlVii'ienlly  i^ooled  ke(-|).^  iilincwl  inialk'ret)  tor^itl  honrs,  whili'  if  in>'ulfi- 
ciently  eoole^f.  it  ilctcrinr.ite«  rapidly.  The  n)aiority  of  milk  haeteria 
grow  lx«t  at  lem|>enitiin-!«  iilmve  70°  1'".,  l)iil  twiHtliinl.-i  of  ihr  «pf<ric* 
iMilntol  will  develop  phkI  gnjwth  at  39°  F.  lit  the  end  of  7  days. 
They  inercace  ■itowly  after  the  jirirTuic-idal  [>rfii>«Ttien  of  die  milk  have 
diwppi'ansi,  aii<l  when  llii;  orpuiisnis  have  Ix-eonH-  aeenjitumwl  to  the 
low  leiiijieratnres. 

The  Jnflnem*  of  JilTcreiil  tem|R'ralui\'f'  on  the  nmidity  of  bacterial 
nnilti|tliearion  is  well  ■^ho^^^l  by  the  re.anllfl  obtaimxl  on  allnwinfr  I>or- 
titm*  of  the  same  upeeimcii  to  i^tiitid  under  utlierwi.'W  similar  ronilitiuni^ 
Al  t em (>e rat II res  below  oO"  F.,  there  waf-  at  the  end  of  24  honis  no  in- 
emuH- — in  fael,  n  dwriHsi' — in  the  nntnlMT  of  haicteria  ;  lint  al  hi^^her 
tempemtnret^,  the  mnltiplieation  viivi  enormous  The  original  numlier 
per  (X".  WHH  .tOOO,  and  rJn-  prowths  nt  the  several  teni|»eratnr»«  above 
55*  F.  were  a«  follows  at  the  end  of  21  and  48  houra: 
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M  iM^iirp. 

4it  h'tiirnr 

(Ml-  Ft 

180,000 

28,000,000 

«8" 

4Mi,(»00 

2S,OOf),000,t)<XI 

SB' 

1.400,rKX\000 

91" 

214,000.000,000 

Milk  of  fair  quality  from  u  nhop  wax  kept  at  90"  F.  for  8  liours, 
during  whieh  time  its  contained  Itaeieria  inereased  from  92,000  to 
6,S00.000  [KT  rr. ;  another,  >if  jmor  tptalitv.  midcr  llii-  .Mime  <-<inditions, 
jiliowe.!  an  inerva;^  foim  2.«00,OIKI  to  124,"XH1.0O0. 

Sui'li  gMwilis  i)f  Iiiii'l.-ri.i  in  milk  inivniliil  f'>r  hninan  use  eon  in  no 
way  inijirove  the  milk,  bnt  miwt  seriouftly  affwt  itn  wholcHHnenww. 
To  avoid  tliem,  the  means  are  Him|)le:  cleanlinefw  everywhere  and  low 
tem|Mrn»turw<;  elumlinew  of  tlie  eowx'  exti-rior,  of  the  .■•Inhle,  of  the 
milkers  and  their  clothing,  of  all  ves^l-^  employed — milk  pails,  piuis, 
bottlw,  dc— flnd  of  die  jilnceK  where  the  milk  l..«  ~iorcd. 
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I  Preserratioii  of  Milk. — The  kwpinR  qruility  i>f  milk  is  infiucncrd 
by  cold,  wliicli  retards  tlie  groiiTh  and  miiltij)lic»t!on  of  Kictcria  whit-h 
tinug  alM)iit  d(iHiiii|M»itiiin  ;  l)v  Ik^iI,  whii.'li  (Icnlniys  lIiciii  ;  nml  liv  |trt> 
wrvativw,  which  either  kill  tlieni  (ir  ifiard  their  pruMlh,  Proi^rvati'tp 
hv  wJd  is  in  many  rtwiK-ots  prflVmbh-  ii>  i^ilhta'of  the  othw  nK-tliiMU. 
The  oonAtituente  fire  id  no  way  ulterod  in  chamcler,  there  id  no  change 
iu  d^'itibility,  and  no  (-li-im-iK  i.-  introdm-iHl  into  the-  systt'm  willi  the 
milk  111  exert  iiny  hiirnij'til  inHueiicc  iifx^n  the  Wi{^-*tivf  prm-cs.^f''.  In 
places  wheix>  \w  is  exjienjiive  or  not  »htainahle,  this  method  is  not 
>\'ni]aUc,  btit  where  tl  iis  eh«i|i  iind  [iletiltt'iil,  it  in  t)ie  one  in  tno^t  com- 
mon  oae.  In  some  jiarts  of  Europe,  milk  is  frozen  into  solid  hlocks  hy 
llh:  Hniiiia'mi:!  pnxxw,  Mn(|  ^hipfH-il  in  thai  (iiriri  to  iniirUi'I.  A  larfri- 
pnrt  f>i'  the  milk  §u]iplv  of  (.'opfiihajjeu  is  reet-ived  from  a  dihtanee  in 
lar^'  air-ti^ht  tan;.,  intii  (steh  nf  whieli  a  hUw-k  of  frozen  milk,  weigliing 
alxMit  '25  jMunds,  i»  placed,  to  kt^^^p  the  milk  in  which  it  floats  ut  u  low 

\  temperature, 

Prv!*<T\'iitiiiu  hy  heat  include"  piwtcnrinttinn  and  r<tenh'niti<>n.  In 
pasteuriznlinn,  the  whole  linik  of  the  milk  )!■  heated  to  not  over 
158"  K.,  ninintainwl  at  ihiil  tcm|RTatnr^'  for  10  or  1  .*.  miniite-s  iipiiI 
then  cooled  rapidly  in  o«ler  to  p^e•^.■rve  the  fiv^h  flavor  and  prevent  the 
miillipticntinn  of  «tic)i  of  th<-  bni-icriii  iii>  survive.  The  leiif^h  of  time 
m|nircd  for  (lie  dejitruclioii  of  bacteria  varicw  with  the  tem[)er!itarc 
tmplored.  Tlinn,  atirmt  70  jvr  ii-iil.  of  .■<aproi>hyti<'  l>ai'leria  an-  killi-d 
in  nil  hour  at  140"  F.,  in  1-5  minutes  at  loO",  in  10  minutes  at  158", 
in  5  ininnt4>Hnt  171>°,  in  2  minuter  nt  191°,  nnil  in  1  minnle  »t  SO't". 
h  Rt  (vscntial  that  all  apjiaratus  and  vessels  used  in  eooling  and  storing 
»hall  be  elean  and  Blerile,  Thi.x  jhywi'tw  1*  ijiiite  nntlicicTit  (or  all  |ir:ii'- 
tical  puriKL-ies  and  hygienic  refjitirementi^,  unlets  the  milk  in  to  he  kept 
Sir  a  lonjccr  lime  than  nsual,  in  whieh  ease  it  should  he  n'peat<"<l  al 
the  ejid  of  3(  h'Hin*.  Tempcniture*  hipher  than  loS"  F.  ciinse  the 
milk  to  acquire  a  cooked  flavor,  which  to  many  persons  ia  disagree- 
■hle. 

Acivinling  to  H.  Bitter,'  all  pafhogenie  bacteria  in  milk  are  killed 
with  absolnte  eertainly  hy  fXjHWiin-  to  l"i-).l^  F.  for  a  half  hour,  and 

,  the  milk  i*  altered   thereby  in   neither  appcanmee  nor  tarte.      I'mlei' 

loidinan'  cinrumstancett  "20  minntcti'  ejc|>Oi*iin-  is  quite  snffieient,  Smie 
aiithori(ii.">  a.vw^-rt  that  temix-mlnre*-  of  14<i°  to  147"  F.  are  wifficiently 
lni;h  for  the  pnqxjse,  but  I'mfessor  Tht->>!iald  Smith'  has  sho\ni  that, 
while  mben-ii-  hju'illi  arc  <Ie»tn>yeil  within  "20  nnnute.i  at  I  10^  V.,  the 
forination  of  u  surface  |>ellic1e  into  which  they  are  carried  hy  fat 
Itlohules  shields  Iheni  fnmi  the  hi-at,  •*>  thai  ihey  nuiy  i4ur\'ivc  an 
Mi|iiwiire  of  over  an  hour  to  14£'°  F.  It  'u^  asserted  by  Morgcniirfh' 
that  at  least  r[0  minnte>i'  e\]KFiure  to  158"  F.  is  neceAsary  to  kill  all 
of  thv  iMieilli,  hut  thnl  the  Hiimc  rt-Mult  can  lie  aUaini'd  al  a  mneli  lower 
temperature  (i;il"  F.)  in  'A  liours"  heating  in  a  thermophore.     It  has 

'  ZdbK'hrift  (ur  H»irfene.  VIII.,  p,  210, 

*  Jmitniil  >-r  IC:i|n'niiu'iiliil  >l<-ilirin(^  1809,  p.  SIT. 

■  HTgienuche  Buuitsdiuu,  ^jil.  13,  I9W,  p.  S6A. 
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been  ii»»ert«l  also  by  M.  Beok '  Ihat  158°  F.,  and  even  176*  F., 
nirt  siifBciciillv  high,  even  when  iiiiiiiitiiiiicd  ■'JO  mimttc^,  for  ihcdcstnic- 
tiuii  uf  ull  the  tiiliLTcIe  luicilli  in  milk  intmtinDally  inf(vle<).  He 
hentecl  such  milk  fur  ;(')  minuter  al  |jf)th  i>('  the  hIhiv*-  iinit|>i'nitiirus 
mild  tlurn  irijcftwf  it  into  lo  jfiiim-ji-pipf,  ull  ul'  which  iKcanie  iiibtrcu- 
lous  iifttT  h  III  S  weeks.  Bill  Irfvy  and  Bmiis,*  after  <']C]M-rliii<iiiiiig 
ilh  milk  viirluvH'd  in  fliLHk.H  ]ilii(-(il   in  n  wiilcr-l.nil h,  jiuni<)  th»l,  to  tsr 

thf  tiihiTcle  biicillin-  is  titnwruwl,  milk  is  sterilized  afwr  lo  lo  '!'> 
DunilteH'  eX)HWin-  to  I  lil^-l.iS"  F.  Il  Mi-jn.-"  iinilmhit*,  un  tin-  whole, 
that  the  witlulv  diverjti'iit  roiilt*  of  various  experimenters  have  l»eeu 
due  to  diffeii-neet*  in  manipulation  and  in  (ihyniml  ivmditioni^ 

All  tlif  IjU'tii"  fiTnieiit:?  iin-  iUwfn>y(il  vcrj-  eaiiiily,  but  some  of  (lie 
casein  feniieiilc  are  verv-  i-esistant,  and  their  .-|mrcs  still  niuiv  mt,  aiwi 
arc  not  kllli  il  hy  iHiIlin^  fur  ii  niiinlicr  of  hmii>  ;  and  it  i«  to  the  j>i**- 
eiiee  of  these  hardy  varieties  tliat  the  difficiilly  of  ajmjilete  stcriliyalion 
i*  due. 

Sterilization  rcqtiirw^  coutiniiouK  heating  under  pre,«siire  for  abo<it 
two  honn«  ut  'lAi^"  Y.,  al  which  teniiifi-sitiiri'  not  ahmv  ilu-  IwK-tiriii  xnd 
their  Kp<)R-s  an,"  dtisinjvtHJ,  lint  the  minntil  ii|i|HiinnKv  and  tasti- of  the 
milk  as  well.  Part  of  the  migsir  is  ennveiiwl  to  mnmn-l,  jwrt  i>f  the 
caM-in  is  prwipltsilwl,  and  tin-  milk  will  no  Ioiij^t  form  u  iTohc«ivc 
<'oa^nlum  with  rennet. 

Ill  the  opinion  of  niiiny  |>mctiiionci»,  nciltior  pH:<tenriKuti(Ki  nor 
iiU-ri ligation  ia  free  from  objection  in  infant  feeding,  since  e\-en  a  temper- 
ature of  l')'7°  Y.  iiifliieiiw.-'  ilif  nutritive  vaino  injnrionsly.  Manr 
RLKo^  of  MvirbntiiH  and  (lys|K'|i«ui  in  infants  have  bei'n  attributed  to  the 
iiM' of  sterili7i-<l  initU,  iiml  it  mi'Iok  proluihhr  that  llii-  truuhlc  i>  <-on- 
liwusl  with  the  de>-trnction  of  the  xyniacLS  nornially  present.  These 
(emients,  the  pR-^-t-ncc  of  which  was  announeed  in  l!K)l)  by  Eselierieh, 
have  Ihi-ii  studied  by  SjKilveririi,'  who  iwilntol  no  lei*«  than  h^^tii,  two 
t>f  which,  t>e(»inic  and  try|i-inie,  an'  present  always  in  iKnh  hninau  and 
tvw*'  milk;  the  others,  iimylolytif,  lijiiL-'ic',  trlyi*" lytic,  eti-.,  are  imL 
cunnlanl.  All  are  soluble,  and  none  can  witli>tand  the  steriliziiig 
twiiK'nitiire. 

'In  avoid  the  nntoward  results  of  the  use  of  slcrilizixl  nulk,  Fre^ 
man'  jin^iMisw  that  the  crtaiin  be  allowed  to  rise,  and  then  l>e  removed 
am)  Mibjeetiwl  alone  to  steriH/atiou.  alter  «liir!i  it  niuy  be  niixol  in 
|)ni|«'r  pitipoitiou  with  tin;  .tkimnuHl  milk,  which  contains  only  a  verj' 
MOitll  nuuincr  of  l»eteria,  since  about  !f{)  [>er  <tunt.  of  thvni  arc  carriod 
tulo  llie  eniini  layer  by  the  Jat  jrlobules. 

IVixrvation  of  mdk  by  the  »d<lilio»  of  anti.'^'pties  in  unneeessary^ 
tii\iit<liliiiblc.  anil  |io>.»ibly  ininrions.  If  milk  \»  dr.iwn  jimpcrly  fnim 
iKvxtitly  cUtin  animals  inlu  cJiwn  vessels  by  clean  milkers,  ami  stoiied 
itt  \\«Ka  |iliiow,  it  will  keep  ewu't  (]uile  as  long,  under  onlinary  eirciini- 
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'  |1«UM-W  VlvrwIJithTMvhHft  tvT  ullciitliclii-  rji-*uiiilhelt«i>Il«^  XXXII.  p.  43(h 
•t(<itMd>'>H  K<iiul«'l>a>l.  .Ink  \f>,  1901.  p.  IMIU. 
'  ,Vt<.«lvv  >tv  MAWiiir  clw  Kiinmbs  Dei.'.,  niOl. 
*  ,V«U<m  U  IWuiiriiv,  Auguil,  ltni9. 


(etuDops  iLQil  iiitdvr  the  iiaiial  comlitiunsi  vt  fr(H|iK'nt  Jclivon-,  ii»  is  dwirH] 
by  the  cnaxainer.      The  addition  of    aiitii^eptic^s   which   only   relanl 
gn>wth  of   Imi^criu  withoiii  divlmviii^  thetii,  (.■iiiiiiW   the  vendor  to 
mippK-  S't.ile  milk   iuiatmd  of  li'esli,  am)  to  dir^peii^e  with    ptin   of  the 
fainiliin,-  imt^iiliKiis  i.tlit-rwiKc  in^-i^-tarv.     Tin-  siibftaiiocs  iimhI  iin-  l)y 
no  mmas  ivholly  iDiiocoiil  in   their  iictioii  ou  the  humiiD  !r}>tpiii,  evi-a 
Hlh  veiy  emati  (juantitieH  aDtl,  moreover,  it  ia  inipoi«iiblff  to  oontrol  the 
BjUQoutit    addnl   hy  a  »iuf;le   iiidividn.'i)  or  to   be  itiire  tlijit  T-iicee.-wive 
f  haD(lh-n<  Imve  not  (wntrihiitwl  additional  doses.     The  sijb-itan<'t>«  iishJ 
ss  milk  (iiwervativw'  air-  iM)ri<-  :ieid,  borux,  juilieylii?  acid,  torinnldphyde, 

•oarixinate  of  .sodiuni,  and  clironuile^. 
Boric  »dd  ond  bunix  are  usied  (rcnrndly  in  eonihination  with  ctioli 
Mher.  experience  having  shuwii  that  the  mixture  is  more  eHicient  than 
hIIm-t  iiKifie.      The  iiiiiiitniini  i-IIIcii-iil  ({nuntily  of  the  inixlure  is  ahutit 
10  grains  to  the  i]nar1.  an  amonnt  which  evt-n  for  an  adull  may  well  he 

trt^rded  an  a  fairly  lai^'  nuHlioiiiul  doie.  In  addition  to  its  action  on 
tbc  p^neral  system,  it  exert*  a  XTirj'inp  cfl'wrt  on  the  digiwlion  mi'iirdinfi 
to  the  amount  pre-ent.  Aceordinji'  t"»  Professor  R.  H.  Chittenden, 
bonix  n-lUTiL>  the  anivlolyllt.-  adion  of  sidivii,  Uirii-  iii'iil  in  amonnl.'<  h'sK 
than  !  per  cent,  favors  it,  and  hoth  increase  gai^trie  digei-tion  in  snmll 

■  aoMiiint^i  and  nHard  it  hi  hiffre. 
The  iiflc  oT  saU«3'lie  acid  in  milk  is  not  exh^n^vn.  It  is  u  fairly 
eSkienI  presopvative,  Fornialdihyde  ha*  eonie  into  iipte  withiii  a  few 
y(«r*.  It  i>s  a  ino»t  erticicru  |>rei»ervative,  ami  not  ahme  iiiliihlts  -jniwlh 
tint  alflo  kilU  the  kieterin.  A<i'«inli[ijr  to  tests  niiide  hy  Dr.  ('.  ]'. 
Wonxwl^r,'  1  part  of  eoniniereial  formalin  in  lflO,llU(J  of  milk  will 
•  postpone  the  cnniling-point  fi  honi-s;  I  in  oO,0()0,  24  hinirH;  A  in  20,- 
OOn,  4S  honrv;  1  in  10,000,  138  hoiirK;  1  in  5,000,  lofi  houns.  Al- 
though nothing  is  kiiown  as  to  the  action  of  small  amoimts  of  for- 
nialdi-hv'de  on  the  (rtia-nd  .■•yMti-ni,  it  is  not.  eorrci-t  to  ii««inne  that,  in 
the  ulwen«X'  of  evidence  to  the  contrary,  it  is  ueeessarilv  harmless  or 
benelicial.  AVIiile  the  occasional  ingcsiinti  of  a  small  amount  of  fur* 
in»ldehyil«  iimy  |in«Uife  no  cti'eet,  we  i-annot  reason  that  ilii  daily  nse 
over  a  long  period  will  l>e  ix|ually  non-pnxhietive.  An  mx^isionn! 
tirink  of  vralrr  cunliiininp  lewd  will  do  no  injury,  while  itj:  daily  ujm? 
may  cau*c  leatl  paralysis,  and  hi  the  sime  way  formaldehyde  may  Ije 
the  CHiLie  of  seriou.H  dtstnrluinix's  »ttrihnt«tl  In  something  else.      Bnt 

■  whether  Iinrmfiil  or  not,  llie  nse  of  this  agent  ami  of  others  is  uni>ro 
e^sary  and  unjust  ilia  hie.  .\side  fiMin  its  |Missilily  jHiisononx  a<'lion, 
ihen-  is  the  'il-jii-tifm  lliat  it  alteiN  the  character  of  the  milk  proteids; 
the  eaiein  heeomas  unenagulahle  by  rennet,  itxeejit  in  thick  elots,  and 
ntk^h  le^  dige^ihle,  or  wholly  iiidigivlible,  by  the  proteolytic  fennentif. 

■  Certain  it  is  lluit  anything  that  imposes  additional  hnnlens  <>n  the 
4ligt><t!ve  function  of  infants  and  invali<lK  can  hardly  Ih'  re^inlid  a.-,  ii 
[in){M>r  Mibstanc*.-  fur  lue  in  food,     vlnnet^^  after  a  study  of  furmalde- 

■  TW«i(*-ninlli  Aaiiuul  KcMrt  uf  tko  Suite  Board  of  Hcnltb  of  .MaawchiuactDs  1897, 
'      'The  I.Bncci,  Nor.  II,  1890. 
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hyde  and  boric  acid  oh  roilk  prct^n'ativefl,  concliid<.<x  llmt  t]le^'  nrv  ia- 
jum>u^,  c*p«fiiilly  m  yntin^  iitruiit>-,  uml  tnijjpiwt*  llw  po^ibility  of 
cuiiad  relation  betwwD  their  iL^e  and  the  great  inrunt  uiortality  diirinj 
tlic  h(>t  inonthi*. 

Carboniito  of  fiodiuni  i\-  a  weak  a);;eiit,  and  diK«  not  ]>o^t|Mii)e  di-com- 
(MMilion  to  ail  I'xiciil  .iiifKcioiil  to  fiii-<>iinig<'  ils  wi<k-  iiil"[ii)oti.  Si  6u 
as  i»  known,  there  nin  i>e  no  (Jywtion  to  its  use  on  ibe  acorv  of  iujiity, 
<>j((!e})t  in  m»  (tit  ax  the  n.'i.'UTtion  ihiti  MKliiim  laetale,  fortut^d  In'  il« 
du'onipoi^iliun  liy  the  fn-c  luetic  acii),  tu-ln  im  a  nitlil  catlmrtie,  is  wonbr 
of  crwience, 

Thf  c-tiroiimt(M  are  not  i-xtcut-ivdy  «inj)loyc«l,  bnl  have  been  rmnd 
present  in  ]nwer\*ative  pow<lcrw  ni^wi  in  Fnin<^  Denin^ '  fimiiJ  llie 
nornml  chrmntiU'  of  [M>tii>.-<inni  in  two  of  tiicH*  |m-]KinitiotiH,  aoti  tlie 
(licbronuitc  unil  cbroinate  together  in  a  third.  Tlie  latti-r  vrm^  rnvm- 
niciidvd  in  tin-  |mi|Kirti<>n  of  2  ^rnun."  to  *>0  ItUis  'if  milk.  A<st>n)in|!! 
to  Fniidi-vaux.'  r^tich  an  innotint  of  polaseitini  <l)ehn>inate  U  iii«iiin- 
cietit  to  retard  ciiu};ul:iti<>n  luid  imjmrlA  im  iibnorninl  inUtiKe  }rtlloV 
color  to  thv  milk. 

The  furtb*-r  diM-usKioii  of  the  oibject  of  tnilk  priwrvalives  nay 
be  liNiktiI  f'lr  ln-Iow,  iindor  the  fpMionil  snbjt'rt  of  Food  Pn-wrva* 
lives. 

Adalteration  of  Milk. — ^Tliis  moKt  ini|Mirtant  iirtick-  of  fnod  'a 
more  Biilyi^n  !■>  !i<liiltfration  than  any  other,  wnre  it  K'nds  iwlf  « 
iHidily  to  fnindiili-nt  nmni|iiibition.  The  {inncijud  ndultentfi"!!*  m* 
the  addition  of  water  and  tbf  xbf^triKrtion  of  crcinn.  The  foniict 
diniiiii>bt^>»  the  nntritive  vahie,  and,  if  the  water  usi-d  is  fnim  M 
unclean  nource,  inereiif<e«  (he  poi^ibility  of  dit^cmiunttn^  di^cvse;  w 
latter  rolw  the  nulk  of  one  of  iin  moht  valuable  constituents.  TM 
dett'i-tii-n  of  these  adolli.'nitions  by  unnlyi'ii^  ii»  not  nhviiys  jxiwibln  ^"'J* 
a  rich  ntilk  may  be  .-•lijfhily  watereil  or  only  [inrtially  skinniied  and  '*"' 
uliiiw  avcnige  t|nidity.  Afrain,  even  ihoiij^h  tiie  wiitcrinj;  in-  fin'''y 
exteniiive,  it  cannot  always  be  proved  that  the  milk  was  not  of  ^ 
gnulc  fVoin  natnnil  eani^ei>,  sinei'  ^inw  cows  give  milk  which  on  unaly^ 
is  fiir  below  avera^  poi^l  milk  un<l  bc!ir<  wvry  reNeiol)lim<v  to  w^t^** 
milk.  FnrtbtT,  a  intik  eDiitjitnin^  very  liltle  fat  may  Ih>  nalan^^ 
poor  in  that  constituent  or  muy  be  the  fimt  jxirt  of  n  niilkiiif:. 

In  oonM-qucnM!  of  tlie  diffioidty  of  proving  the  addition  of  watc*" 
aljftniction  of  cream,  Jind  Iktjuhw  of  the  enornmiij'  imporUiiKx'  of  see**" 
inga  public  supply  of  at  least  average  good  ipiality,  most  States  ti*»* 
fixed  legul  iilnndiinU,  to  which  niilk  intc-odiil  tor  Mile  nniM  conlof*' 
The  Mondanl  for  totid  solids  is  commonly  i:i,  12.o,  or  12  ]m.t  eeii'' 
and  for  fut,  •1,  '{.•'>,  3.7,  and  4  [xtr  cent.  Hy  the  iidoptiou  of  a  ivff 
^tjiniliinl,  nil  milk  of  tow  (rru<l«,  whether  h>  by  r(iii>on  of  fnH«l«lrl* 
praetieeti  or  be  mm-  of  jioiir  feed  or  individoiil  [K-t-uliarity  of  the  i>'*i 
mtift  lu'  Iniitfil  itliki'.  By  prohibiting  llu-  sub'  of  all  milk  not  ofl 
certain  gnitle,  it  bironw^  nnneenwary  to  |»rove  fraud  or  criminal  knoitl" 

'  B»TiM  tnEMiintlonftl  den  F«l«!litiiliiinB,  IX.,  p.  36, 
'  Journal  <l«  I'lannade  et  ilf  Clicmie,  1806,  p.  US. 
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dge,  the  alle^doD  of  inferior  quality  being  sustained  by  the  results 

tf  the  analysis. 
Other  forma  of  adulteration  include  the  addition  of  coloring  matters 

£ir  the  putpose  of  concealing  watering  or  gkimming,  or  to  give  a  creamy 

tint  to  a  very  white  milk,  and  the  addition  of  pre^rvatives,  and,  ooca- 
wmally,  of  other  foreign  subntances.  The  coloring  matters  commonly 
used  are,  annatto,  caramel,  and  combinations  of  anUine  dye^.  Their 
detection  is  by  no  means  difficult  (see  Analysis  of  Milk). 

It  is  a  common  belief,  even  among  people  of  more  than  average 
intelligence,  that  milk  as  found  in  the  market  is  very  largely  a  mixture 
of  chalk  and  water.  Upon  what  this  absurd  tradition  is  based,  it  is 
difficult  to  surmise,  since  even  though  a  person  were  led  to  practise  such 
I  misemble  fraud,  he  would  discover  that  chalk  and  water  will  need 
coostaDt  stirring  to  maintain  even  the  outward  semblance  of  milk,  and 
that  a  few  minutes'  ntanding  in  sufficient  for  com[>lete  sc[>aration  into  a 
deposit  of  chalk  and  a  fairly  clear  ^ipernatant  liquid.  A  less  common, 
bat  equally  absurd,  notion  that  calves'  brains  arc  a  common  adulterant 
rfmilk,  arose  about  half  a  century  ago  from  the  report  of  a  microscopi- 
ai  examination  of  a  milk  sediment  in  which  certain  particles  were 
delected  which  bore  a  resemblance  to  nerve  tissue.  Calves'  brains  do 
Mt  lend  themselves  readily  to  the  making  of  emulsions,  the  supply  is 
limited,  and  they  find  a  iairly  good  market  in  their  true  character. 

Cane  sugar  is  said  to  have  been  found  at  rare  intervals,  and  gelatin 
w  used  occasionally  as  a  thickening  for  cream.  Starch  is  believed  by 
numy  to  be  a  oonunon  adulterant,  but  it  is  used  very  rarely.  In  the 
ocnrae  of  many  years'  supervision  of  a  lai^  pubhc  milk  supply,  during 
"liich  several  hundred  thousand  samples  of  milk  were  examined  for 
adulterants  of  all  sorts,  but  one  in.stance  of  the  use  of  starch  fell  under 
*ie  author's  notice.  This  was  due  to  a  shortage  in  the  normal  supply, 
vliich  led  a  dealer  to  dispense  a  mixture  of  water  and  condensed  milk, 
whii^  latter  component  had  been  thickened  with  starch. 

OONDENSED   MILK. 

CcHideosed  milk  is  prepared  by  evaporating  milk  to  about  a  third  or 
•  ftporth  of  its  volume  in  vacuum  pans.  It  is  sold  in  bulk  for  immedi- 
ate use,  and  in  hermetically  sealed  tin  nans  for  use  as  occa-^ion  demands. 
Most  of  that  sold  in  tins  is  made  from  skimmed  milk,  and  is,  therefore, 
^'wy  deficiait  in  fet ;  and  much  of  it  contains  a  large  proportion  of  care 
'ipr,  which  is  added  to  increase  its  keeping  qualities.  Condensed 
"ilk  is  in  many  respects  and  under  certain  conditions  a  valuable  ftKKl 
l»eparation,  but  its  use  in  infant  feeding  when  other  milk  is  obtainable 
*t>ot  a  wise  one,  since  it  is  deficient  in  one  of  the  most  important  cle- 
1«it«,  and  contains  another  which  is  not  a  normal  constituent. 

K0trUI8S  AKD  KEFIR. 

These  are  fermented  preparations  containing  lactic  and  carbonic  acids 
od  a  small  amount  of  alcohol.     They  are  produced  througli  the  action 
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oi  inicro-«r^niKni^  which  induop  fcrtiK-DttttivD  pluingo«  and  hna^  nlxiii 
a  jHiiliiil  (iiiiv^-rHinn  of  thu  prnteidi  to  a)l)iii»niM?s  iind  ]M>|iC>n«s.  Iloiij 
lull)  tticir  origin  in  KtiM'iii,  whore  tlit-v  havi.-  Ix-wi  in  iiw  ft>r  uiiinji 
ye:ii'is  KntinilN^  is  D)a<le  generally  l'n>iii  the  milk  of  iiiare!<,  hut  nijiv  I: 
iimdi-  from  ihut  of  tt<\\*  with  ihc  ii.'v''iMnn<r  nf  m)(h-<i  Mi^r.  Kt-Kr  i* 
nuidi.'  niort"  ooniiiioiity  frtmi  ihf  milk  of  oows.  Ifeilh  siro  eff('n'f*t"rtit 
]ii(iii(]»  hiiviii);  Mmirnhttt  tliv  Iniitc  of  btittcr-milk,  iiihI  iirr  viilimhli- id 
lliv  fccxlii]};  of  the  i^ick  uml  of  thi>!ii<  with  imjHiirctl  (li^^vtivc  fiinitiiin. 
The  "ki-fir  yraiiis"  iiiv  niiiall,  \\ar<\,  granular  |nirlirl<^  whirh  omiftiin 
tlic  rc<|itisile  or^puiisiiis,  Tluy  siri'  :i(Miil  to  x\iv  milk  :iftir  W-Xa^  RiaktJ 
uutil  Mirt,  anil  Ujfir  action  iw  iwiupletiil  in  two  or  three  day;*. 

CREAM. 

C'ruiiii,  as  alruidv  statiil,  luiiy  hv  ilvfitied  m  milk  containing  a  \ittp 
Mcfss  of  till,  and  ce>rres]iouclingly  hu-ktu};  in  water.  The  d«yr<T  «f  rich- 
new  ii^  dfju-inlciit  ii[«m  the  inHlim]  ('iii|ilov<i)  in  \\i^  ^t-jwnilion  fnmi  li» 
orijfinal  volume  of  milk.  That  olilaiut-d  hy  ihf  coiiimon  melhoil  "f 
iikimmiiiir  coiitiiiu.-*  iinliimrliy  iilioiil  I  <>  lo  '.^1  \vt  ii'ht.  of  fut,  whilo  lliil 
^(.■piinited  hv  thi-  cditrifu^il  machine  coutaiu!i  from  '2,^\  to  ujiw^id  of  60 
jH-r  <H-iil.,  iu-conling  iw  tla-  macliinc  i!«  nyulalcd  for  "  light"  or  "  hnn?" 
t-rcuiu.  The  lattor  if  h>  t]ii<?k  a»  to  give  riirc  to  a  rommou  iiniioii  IMl 
ettm  ^tiiri'h  iw  U;<e<l  as  an  adulu'ninr.  ThU  ^mbstam-e,  huwrvi-r,  U  ii*"! 
mrt'Iy  if  ^'cr  in  this  way.  <_iela(iu  is  cniploywl  ais  an  !(dult('iuiit  Ion 
limited  e.\leiit.  A  prciwration  lai^-ly  advertjeed  to  the  tradt'  at  "W 
time- ii»  H  "crrtini  thickfER-r"  wiw  utinlymHl  by  the  atithor,  ami  tuvxA 
(«  be  a  mixtiir«  of  gelatin.  iMirax,  and  iKirir  iicid.  The  «>mnioD  mini* 
t«nniti«  of  crwini  arc  pi-t'sirvativcs  imd  mluriiig  agtiit.i.  The  flirnirt 
are  used  mostly  during  the  hot  months  ;  the  latter  duriug  the  winWt 
whi'^i,  on  uf<'0ijut  of  till-  dilft-n-nec  in  ft-cd,  the  cream  ha,-*  not  ibe  ('ba^ 
acteri)<lio  yellow  tint  ho  highly  prixcd. 

Milk  as  a  Factor  in  the  Spread  of  Disease. 

Milk  may  avt  iii<  a  cnrricr  of  diridtic  or  ciuix-  of  fnixiiuiuil  distutl>' 
nno;  through  infectious  or  |x>isonous  matters  uriginally  |irtarDt,  i>r  K- 
ceiveil  or  evolved  during  bindling  and  di.-itribution.  Thutt,  milk  V^"! 
be  poisonous  by  rmi^on  of  miitterv  derived  from  the  fcod  or  of  Mil*' 
oMnocfi  fonued  aiier  it  is  dniwn  ;  it  may  contain  organisms  of  varim' 
kind)>  eoiincclcd  with  ixivine  discHKc^s;  it  niny  become  eimlaniiiiiitwl  " 
various  ways  with  matter  t^tntnining  the  exciting  catiae  of  varioi 
human  diseases. 

PoisoQons  Milk. — Certain  plants  oaten  br  con-s  niny  eaiiHe  milk 
become  niifit  tor  drinking  Uthum'  of  toxic  iiropertii"?*,     I*oi.->>n)  iv 
(/Mint  li>xu'<><liuilrtnt),  for  ex»n)|ile.  eausej!  in  eowK  a  condilton  know 
ti»  "trembles,"  during  the  coniimiaiiM-  of  which  their  milk  is  sjud  I* 
cause  severe  gastric  symptimi;*  with  gn-iit  wcaknii^^     The  most  pmnii^ 
iHDt  KymptuniK  are  pain,  nausea,  vomiting,  ciinstipation,  and  «ubnom: 
temperature.     If  the  milk  W  Ntiled,  the  pttittonoiis  pn>{H>ititTi  urc  di 
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^■Kyed.  Aoronlii)^  Ut  Dr.  D.  I).  Cin>iit,'  whatever  the  nntiin*  of  llie 
pijiK>u  iu  milk  fimn  cows  afi)!c4i?il  with  "  tninblcs,"  it  nttarkK  tlic  cc-ii- 
iia!  ner\"oiw  svstorii  iirul  |imihice)*  fbaracteri.-tic  in-iiililmg  and  pn>finin(I 
low  ^if  niiu^^iLir  [>owit.  He  liclicvtw  tlinl  u  [K'ciiliiir  niicrozyitu*  p\\^U 
in  ibe  blmil,  and  lia>  jtaihiifrvi'ic  pmpL'rtie?i,  which  may  l)e  reprfxiiii'wl 
inli'liiiitcly  throiiffli  llic  iiiilk  iiiiil  ilii'ciugh  IxiCtcr  tiiiil  chix.'-'i.-  iiiiidt.- 
ilttivfntiu. 

TItc  Iwivfjf  of  the  fiirniiion  iirlichokc  are  said'  to  cnuiu-  n  Mi  •mi  mil 
^tiit.  vonuting.  and  diarrhn>a. 

\i  "tiiUiI  on  «  |i(xiTdin{:  |iajr<%  milk  may  undergo  a  pci'iiliar  fomi 
of  ileroniiioBilion  i-csidlin;;  in  tht-  priMhiclinn  ol"  an  iiitt-n.^cly  viok-nt 
[•ivn,  a  benxeiit-  diTi\'ative,  known  as  tyi-otoxicon.  Fortunately,  ibis 
i"  ID  un«»nini>n  cban^jt'.  1>nt  it  bvimys  to  iIk*  <'on.-<iiniiT  no  wgn  of  itK 
MrutTPin-e  at  the  time  of  drinking,     Tbc  tfteets  prtidncwl  are  various, 

tuv\  nnr  wt-I|  ilbiMniUil  ity  ihi-  fiiIlowinj£  l~.^M■.^  : 
C.U-K  I. — I{ep.)rteil  by  I>r,  W.  K.  Newton  and  Mr.  S.  Wullure,* 
On  Augii.-*t  7,  IftSfi,  21  |:ui.ptii  of  one  hotel  at  I.ong  Hranoh,  and  1!) 
<>r  another  hotel  at  the  Kime  place,  were  taken  »iek  «"">ii  hI'Ut  "npjKT 
"itli  the  i^anie  Iniin  of  ^yniploiii.-4,  wliieh  wert>  naiu^ea,  vomitinj*.  eninip.*, 
■od  culla]K-e,  <lr\'iioK  of  the  tbroal,  and  1)nriiin<;  neiis:ilion  in  the  n'.scipli- 
ipia;  in  manv  ea.-e.-  ihei-e  was  abnemw  of  disrrliu'ii,  ami  in  several 
Itlu'rc  wii>  adive  diarrluva  wilhont  vomiting.  Many  hiul  violent  vom- 
[ning  foIlowe<I  by  coIla|»«?.  At-  a  rule,  the  D!iu<<^eii  and  vomitiiip  were 
I  pcrM-Hienl  and  oluiinate,  iind  aepomjMniied  by  a  lendeney  to  e-xhaunlion 
'Wii  oollap!4'.  A  week  later,  IfO  guejilH  of  flill  another  hotel  were 
in  pnt'iM'ly  tin;  !«Jimc  manner.  The  on."et.  owiirrei,!  in  fri.irn 
to  four  hours  after  catinfr,  but  in  one  instance  tlie  symptoms 
tral  almoHl  immedititi-ty  after  drinking  about  it  quart  of  nnlk. 
jf^ntinn  j^howetl  that  the  trouble  was  due  wholly  to  milk,  for  only 
milk-lrinkers  wire  r«-jzMl,  and  those  who  had  had  no  other  (IhhI 
ure  tin-  ^vorsl  sntrerciv.  The  three  hoteli?  were  ^ervetl  by  one  ilejder, 
*ha  made  t«'o  deliveries  daily.  The  milk  of  the  second  delivery  was 
ibe  cmi-ie  of  tlic  miifehier  in  ewh  laitbrudc.  1 1  wtk*  drinm  at  ntjon,  and, 
vitliout  Wing  eoolefl  at  all.  was  earleil  eight  miles  in  tl)e  heat  of  the 
(Uy.  The  iiiw^  weiv-  beallliy  and  well  fell.  In  a  |M>rtIon  of  the  milk 
Iktt  c»iii»eii  the  tbjrtl  group  of  ca^es,  the  preseiiee  of  tyrotoxifju  was 
daoooetrated. 

Case  II. — ^Thi*  vra»  a  most  extrwordiuari'  ontbreak,  limited  to  ii 
luaily  consisting  of  father,  mother,  son,  anil  daughter,  of  whom  all 
lit  ibe  Jirst  ini-ntioni.'d  die<l.  The  tinnilv  plivi'ieiiin  mdlcil  I'rolessor 
T.  C,  \*aughan  in  conj^ultation  after  the  fourth  meml>er  of  the  family 
vaa  aeixed,  and  from  hi^  report  of  the  ciu>e  the  followinjr  thcl.t  nrv 
tokeD.  The  first  one  seir^ed  was  the  father,  a  man  of  fifty  VKvrs.  When 
fifBt  seen,  he  was  vomiting  seveivly,  his  f:we  was  fliishe<l,  and  his  teni- 
peratUTL-  was  t^nbnonual  (96*  F.).    There  wiw  markcil  throbbing  of  the 

^  ■  Ijiioiiil  ill  AiiwrioHi  M (.-(licTinc,  Aug.  31,  lOOL 

■  '  MiU-tixciiiiiiK.  I)^9I.  p.  to. 

■  *  MinIIlvI  N#w*,  SefiK-mW  ^  IHHA,  p.  343. 
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alHloiiiiiial  aorta,  tlie  toi)g;uc  wan  Imtvily  nnilctl,  iitui  llii-  hrmtliinp' 
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iiniiliiiiifi 
iitlimil  Willi  liilf.     Tlif  IkiwcI!'  luic)  mit  iiinvwl,  Imt  uiKltT  the  JnHunMv 
of  II  «itliartic,  a  .-itiKil  nii'iimil  mi  the  Inllf.winji  tliiy.     I!ci<-tiiii^  miJ 
voiiiiliiig  [■Diilliiiii.il  iliiriii};  tliiit  ilav  1111(1  iiijfliti  iukI  llirr*?  yvtit^  |M-rKirtml 
Ktujior.      During  the  tbllDuin^  three  daVf^  there  uaf  but  little  cbaD^j 
Thi'n  ini|ii-<)vciiiciit  lii-^n,  hut  nttivi-n'  ni{uii\Hl  ii  (uonth.     Thf  wii,a| 
gtrmig  ymith  «!'  cinlilceii,  wiu'  the  in-xl  tu  be  iwizctl,  four  davw  after  tlirj 
ln-^iiiiiiiip  "f  lii.-  liithor't*  aii-kiwiw.     The  symjiIomN  wen*  »iiiiilar,  but  ( 
wen-  iiKin-  vtnlciil,  anil  llicn-  wim  uo  ni^h.      ()ii  tlic  folluwiiig  eveninp. 
tlie  mother,  iihoui    lortv-five,  Wiui  HetMK)  in  the  ?aiiio  w«y,  iiinl  i«i  tlif 
»iKiHt'(liii(i  rvniiiif;.  (lie  (liui^liler  iiL«i.      On  the  <liiy  following  tliv  h;! 
spieniv,  none  of  the   i-aseti   nhowcil  itupl^n'enieiii.     The  Ir'nijieratiinii | 
U'cri' Mihiioniuil,  li-l"  ntiil  !'■')"  F.      All  i'>>in|>l.-iin<-<)  "f  n    Uiiniiiif;  '■""- 
Ktm-tioii    ill  the  tliroiit  unil  dillicult  »w:)llo\vinK,  aiu)  tiilh^l  rni(iHiitly  i 
for  icw.     Two  days  later,  llie  nintlit-r  nml  xni  ilicil ;  the  tl.-iiightiT  fit* 
wonw,  beeanie  iiiieonwiiiUN  renuiiiieii  mh  lline  thys,  ami  then  dii'd. 

Poet -mortem  examination  in  the  (w.*^  of  llie  tlan^hter  ivvmlnJ  uo 
('hanii-tiTi:«tic  Iej>ioMf  Ki  aeeoiint   for  tluilh,      'llie  '>nlhn-,tk  mip-  ii"»fl 
curetnlly  and  (lioroughly  investi^ited  from  every  sliiiid|>uiiit,  anil  liu' 
(HMioliLilon  ntiehi-<I    wiin    thiit    lyi-otuxieoii    vran  the  I'nuw.     The  iiiilM 
hiid  V'eii  ke]>t  in  a  hiittory  wliich  vran  in  u  Dinnt  uniiaiiltan'  mnditim- 
During   ihni-  yeani,  the  liiniily  lind  fnittired   fnijueiit  nltnet;*  <if  Bf  | 
rliai^ctcr,  hut  they  wer<'  iniieli  lesn  »i-vere.      KiitIi  milk,  jiliicrd  iiiliel 
hntlen,-  ovi-i'  iiiplil,  and  then  exnininetl  for  tyivttnxieoii,  ptve  ininii*-| 
takablp  chemiesd  iiml   pliysiolotn^l   cvideiKi.'  iif  (Imt  [NiiHin.     Knr^l 
milk  in(M'nhite<l  with  dirt  frwiii  the  buttery  floor  also  iWclopeil  it,  s'l 
did  ul!«>  iither  |>iii-tioni>   tmil'-<l  wilh  voniitii^,  nliinmoh  oontealH,  ind] 
B<[Ucon!^    extract  of  the   intestinw,    while  a    litUi    s]Kvimen    uiiln«i™1 
nintiiiiiil  fill-  fiYnn   it.     All  the  evidenec  in   llii.-  i-ji.-e  |H>iiil<il  toi^J 
more  or   If**  i<oii»tanl   presence  of  [miKon   in   the  milk,  and  ihe  *iil<'] 
variation   in  the  time  of  weiziire  in  the  final  oiitlireak  in<Iieni« 
all  were  not  nffeeted  by  iIk-  i«inie  diij'i*  Hii|)])ly. 

Milk  from  Diaeftaed  Cows, — The   milk   of  <-ows   ■iiifteriDg    fn>ni  l!u 
pruniiiii'Ml    i-iillli-    iiliiifni-^   i^    mure  or  K^a  ultei'e<l  in  iMniinwiliini,  nu'^l 
there  apjM'Jini  to  t>e  evidenee  that  it  may  be  actually  <liin>rer\iiiN 

In  i-imlrrjiivt,  the  jiniteid.-  are  mueh  inrnu-nl — in  faet,  niorellfll 
doiibktl  ;  the  niinemi  eonstitnentJ'  are  e(>n«idendily  inen^^u-MMl,  ami  tlie1 
and  wnirar  are  diminiHliM. 

In/'i<M!  'iiir/  mimtJi  ti'mniMr,  the  lotttl  solid:*  ar*  incmiMil  eiHi^idi'mh*!^ 
or  diminLxheil  at  dilTerent  !ilat:ee,  and  the  milk  wMI  ^mielimeM  eiiu|;nliil^ 
on  Ix'itin^,  hy  nw^on  of  tin-  exe«wsive  amount  of  eoa^iiluhle  [initeiil*^ 
There  is  R-asiin  to  Iwlieve  thai  this  disease  mjiy  Ik-  <^umnnini<«teil  *j 
other  animab  throiifrh  the  milk,  and  there  U  eviileiiee  thai  the  n*  <^ 
the  milk  by  tiian  will  [iroduee  loctd  kv-iiins  in  the  mouth  and  thnwl 
Thus,  Notter  and  Virth'  niiiition  an  epidemic  of  sow  throat  at  Dovc^ 
■ThvTlu-orv  nnJ  INacilL-o  of  tlj-iclviie:  London,  IIJH  !*■  ^"XJ^ 
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1884,  in  which  there  were  205  ca.sos  of  vesicular  eruption  in  the 
ipoat  or  on  the  Iij>c,  enlarged  tonsils,  aiid  In  most  cases  enlarged  glands 
f  the  neck,  all  occurring  within  a  week  in  persons  supplied  by  a  single 
airy  where  the  disease  existed.  It  is  asserted  by  Pott'  that  such  milk 
Q  the  Taw  state  may  induce  a  similar  aifection  in  man,  and  especially 
D  children. 

Id  anthrax,  the  milk  has  an  abnorimd  appearance  and  decomposes 
npidly.  The  specific  organism  has  been  isolated  in  active  condition  by 
Brwchetti'  from  milk  as  kite  as  fourteen  days  after  it  had  been  drawn. 

In  arllnompcotis,  particularly  if  the  udder  is  involvwi,  the  milk 
■iould  be  avoidc<l,  although  there  appears  to  be  little  direct  evidence 
bciring  upon  transmission  of  the  disease  to  man  by  this  means.  It 
» certain,  however,  that  the  disease  docs  occur  sometimes  in  man,  and 
tbough  in  the  matter  of  transmission  of  disease  from  animals  to  man 
nothing  shoOld  lje  taken  for  granted,  it  is  commendable  in  such  cases 
of  lack  of  positive  knowledge  to  err  on  the  side  of  ,*afety,  and  to  avoid 
>»!  pn>hibit  the  use  of  such  milk. 

The  milk  of  cows  afflicted  with  goiyet,  an  inflammatory  cnnditioa 
rftbe  milk  ducts.  Is  believed  to  have  cnused  epidemics  of  gastro-intew- 
tinal  irritation,  and  there  is  reason  to  believe  that  it  may  be  a  common 
tmsK  of  cholera  infantnm.  In  an  investigation  institutetl  to  deter- 
nuiie  the  cause  of  diarrhoea  among  the  consumers  of  milk  of  a  certain 
iiry,  I^nieris  and  Van  Harrevelt '  discoveretl  the  presence  oi'  strepto- 
(Wci  in  great  numbers  in  the  udder  of  a  cow  which  recently  had  re«>v- 
md  from  an  attack  of  garget.  Whether  in  this  particular  instance 
fliese  micro-organisms  were  the  cause  of  the  disturbance  among  the 
MMumers,  cannot  definitely  be  asserted,  but  according  to  the  researches 
ofEscherich,  Adametz,  and  others,  the  severe  diarrhceas  of  infancy  are 
iot  largely  to  the  presence  of  SlreiAococcu-n  pi/of/ene«.  This  and  other 
fUhogenic  oi^nisms  appear  to  be  exceedingly  common  in  ordinary 
Kuket  milk,  and  in  the  milk  of  cows  with  no  apparent  local  disease. 
TTuw,  Eastes*  discovered  streptococci  in  106  of  186  samples  examined; 
mk*  in  35  of  56  samples  of  the  Berlin  supply  ;  Betsey,'  in  20  of  40 
■oples  of  market  milk,  and  in  3  of  59  .samples  from  first-class  <lairies, 
«ed  and  Ward'  have  recorded  the  ease  of  a  ci)w,  one  of  the  CJornell 
university  beni,  apparently  healthy,  whose  milk  yielded  streptococci 
^intervals  extending  over  two  years  and  a  half.  When  the  animal 
*»  killed,  the  udder  was  examined,  and  showe^l  an  iibundance  of  the 

"•pnisms.      From   the   secretions  of  certain  diseased  udders,  Klein' 

*Wd  two  varieties  of  pyogenic  bacteria — B.  lUphtherfiUhn  and  Strep- 

^<W"M  radiabiM  ( pyogeneg). 

Other  pathogenic  organisms  commonly  present  in  milk  include  mi- 

'  Uoncbener  mcdii'inixrlie  Wotliennchrift,  July  25,  1890. 
'  Giomaje  di  -Mettidna  Vewrinaria,  1K9]. 
'  Zeibvhrift  fur  Flelitrh-  und  Milchhvgionc,  lOOO,  p.  114. 
'Britwh  Mediial  Joiinial,  Nov.  11,  1890. 

'tfeotHfhe  Vierttljahrwchrift  fur  fiflentliche  Gewundlieitspflege,  1900,  p.  430. 
'American  Medicine,  .\pril  20,  1901,  p.  122. 
<>ntnJblaIt  fur  Bakteriulogie,  1901,  XXIX.,  p.  49^ 
'  'riiniBl  of  Hjgiene,  January,  1901,  p.  78. 
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crococci,  tbiind  bv  Ber^y  in  36  of  40  samples  of  market  milk,  and  in 
lOof 'if  samples  from  fir*t-<;lass  dairies;  Sfaphylococcuspffoijeneiimirctii, 
timiid  bv  tilt  same  investigator  in  3  of  8  samples  from  individual  cows 
of  fin-t-clast'  dairii-s ;  by  Leblanc,'  in  the  ducts  of  10  of  the  2i  teats 
of  (J  dairy  cows  examined ;  and  f<fap!i!floco<-cuK  aut-etm  and  albug,  fouod 
by  Ijfblano,  v.  Helleiis,  and  others.  li.  eoU  comniuti!«  is  present  alniiist 
invariably  in  milk  from  all  Miurtfs,  and  P/o/<'(m  rd/jMcw  is  found  fre- 
quently. 

Tile  presence  of  the  various  py<^uic  bacteria  in  milk,  whether  due 
to  their  existence  within  the  milk  duct  or  to  even  slight  lei^ions  on  tlie 
hands  ol'  the  milkers,  is  a  matter  of  grave  eon<'em  as  a  common  wiufe 
of  serious  g-.Lstni- intestinal  disonlers,  es|>ecially  in  children  in  thw 
tirst  years. 

It  woid<l  iipitmir  from  a  re])iiit  made  by  Gaffky,"  that  the  milk  nf 
i-ows  snfimng  from  s[iocific  enteritis  may  Ih'  a  cause  of  sickness.  Thr« 
[ursiins  c.miHi'H.il  with  the  Institute  of  Hygiene  at  Giessen  were  seized, 
al'ier  drinkini;  milk  from  a  ei>w  sidlering  I'rom  such  a  disease,  *rilh 
ii;ui>wi,  viHiiiling,  diarrliiva,  and  uiental  confusion.  One  recovered  in  ' 
a  fiw  iliiys,  the  others  in  about  four  weeks.  The  milk  was  drunk  in  i 
the  raw  state.  ' 

C'oiieerning  the  agt'ucy  of  milk  of  tuberculous  cows  in  spreaditf    ! 
hi/ii'i-i-itlouli',  there  is,  as  ui  the  case  of  tuberculous  meat,  a  wide  diw^    „ 
genee  of  opinion.     There  t-aii  Ik'  no  doubt  that  the  milk  of  such  coffc     i 
may  convey  the  infeetion  to  other  animals,  but  whetlier  to  man  canno' 
Im'  definitely  slat<'<I,  beeausi'  of  the  imjxissibility  of  experimentation,  ffld    \ 
siniv,  in  any  case  of  supiH)se<l  transmission,  very  many  other  possible 
agencies  must  \w  eliminati'd.     As  stated  on  a  preceding  pnge,  local  iu- 
feetiiin  by  meat  tliRMigh  >(ounds  incurred  at  autopsies  of  tuberculous 
animals  is  not  imi>ossible,  but  cases  of  similar  infection  through  oil'' 
are  exetixlingly  ran,'.     Sidmon '  eiti-s  but  ■'!  eases  in  all ;  one,  from  tbe 
applie;Ui<in  of  crtain  to  a  hg  snp|H>se<lIy  p".iisoiied  by  ivy;  a  seconiii 
from  milking  with  a  wound  in  one  finger ;  and  a  third,  from  atlemptw 
removal  of  tattoo-marks  by  the  iniro<luction  of  milk  through  needle 
puoet  art's. 

There  i-an  Ik-  no  doubt  that   the  tiilH-n'Ie  liacillus  finds  its  way  io'^ 
milk,  iKirticularly  if  the  udder  is  involve<l.  but  even  when  not.     Tl'>* 
was  asscrteti  so  long  airti  :is  1. •*?«!)  by  Pn>fessor  H.  C.  Ernst,*  who,  aft^l 
a  very  exiendcil   inipiiry,  proved   that   the  milk  of  eows  with  tuberc**" 
lo-is  in  any  ]iart  of  the  liody,  and  with  no  KksI  lesion  of  the  udd^' 
whatever,  may  contain  tile  Uicillus.      This  finding  has  been  confinn^ 
by  a  ninnbcr  of  inoiv  n>e<'iit  observations.     K.s)i«'iallv  noteworthy  is  t** 
invisiigation  pursuixl  by  I>rs.  Habinowiisiliaud  Kempner,*  who  obtain^ 
positive  iX'sults  from   iniK-nlatioii  ixiMnmeiits  on  guinea-pigs  with  tf 
milk  of  li>  out  of  l.'i  i-ows  that  had  n-.icti-d  t*)  tuberculin.     Of  the^ 

'  T.virti  iiiAlii'al.  llXHI.  |..  .'nil. 

'  IViUm-1»'  niiiliciiiU'lic  W.H-lu'iKn-lirifl.  Xf'.'i.  No.  H, 

■'  lliitlctin  :V1.  I!iin-nii  of  AiiimnI  InttiiKlrv.  VM'\. 

'  Anit'riran  .Iinimal  of  Mediiml  S^ii'iioi-s,  Novpmher,  1889. 

^  Zeilsclirift  tiir  llyfi^ine  uiiil  Infi.>t.'litniF.kranthcilt<n,  XXXI.,  p.  137. 
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linial^  orilv  I  sliiiw*-!!  idiiiiiHl  ovidencft  of  iiivftlvement  i>f  the 
iiilder.  and  only  1  other  --liowetl  niiy  sign  of  it  on  mirniwopiftiil  (.■xutni- 
Qiitioii.  OiIk-ih  wliii  havi-  olitaiiitil  jMisilive  iyktiIi.-j  fTOiii  animalij  with 
DoriDal  itddcrs  iticliiik-  H'jHiii;;^!'.  IVk'ijiin-.  lijing,  iiihI  Ad«iiii. 

I  Similarly,  iV-  niilk  of  a  iiibc-rciilous  mother  inny  be  infcclivp,  even 
tlmugh  no  inatiiriiary  Ii>ii)iii'  exirt.  Sin-h  uti  iii«tntii!<-  Is  re|x>rtwl  hy 
Ropr  and  fiarnier:'  The  wunian  dieil,  seventeen  tliiys  aiU-r  eonfiiu- 
nifiil,  with  piilinoiijiry  hilHTi-iiInsiw.  <)ii  tlur  fourth  diiy  afiir  dt-livory, 
2  guinca-piir*  were  inoculated  with  her  milk,  one  of  them  with  |i(i«ilivi* 
nsiiiltjt.  Tlir  ehihl  lo^t  wclg'lir  from  hirih,  and  dii.tl  at  fix  months  with 
liiberetilar  lecions  of  the  meHpiit(Tit'  (fljind*.  liver,  kidni-ys,  urid  Hjilei-n. 
But  tlie  i|n(9lion  of  exircrljoti  of  haeit-ria  hv  active  mammary  frlmids 
with  DO  !ip|xirent  le^iont-  has  not  hwii  >tiiilii'<l  exluiM.itively.  Aw<irding 
to  Bownau,'  ■>iiiy  fhnr*  liaeteria  ivhioh  ai'e  eapiible  of  aetinj;  on  tint 
wnIU  of  the  hl(»<«l-vewel»  »o  a»  to  «niw  hcinorrhiifr'-s  are  able  to  [lass 
from  the  hhvMl  into  the  milk,  and  in  thaw  eases  in  whieli  B.  iuhrrcalomH 
hsL*  biTt-n  ilctifiiii  in  the  abs^-niT  of  evidence  nf  nmmmary  lesions,  the 
chancer  are  that  more  or  hvs  alteralion  of  the  ves.>el  walU  had  <iecnrred 
in  i»iiMi|n(-ne<-  of  di:>rin-bi-il  nntririon.     Tin-  ex [icriniojits  of  Ilaseh  and 

[Welcmiiisky*  IcikI  one  to  the  ei^uehi^loti  that  Ik^eiian'it  jtiwitioH  in 
correct,     Tliey   infeetetl   aiiimaU  with  ditlVreiit  ^"(M'oies  of   palliofjenic 

I  iirjianiKTiiA,  and  fmnid  that,  even  when  the  bluixl  Uenictj  «ith  imthruN 
bacilli,  the  niilk  i^tuiwed  no  evidpncp  of  tlieir  preseiiee  niilew  llii-iv  were 
b.n-ul  tii>n<litiuu«  ('.<]>eviidly  favondjle,  stieh  113  ^■!lJ^■uL^^  le<ii<»ns,  which 
mar  be  eaHf*d  hy  the  liemorrha^ro-produeinp  ixu-leriH.     Il  ha?  tjeen 

■  ileino»»trat«-(l  hy  Ostcrtad*  that  the  milk  of  eow»  which  show  no  evi- 

■dence  of  ltil>crenl<b'iB  beyond  reacting  to  ttibeivulin  containrt  no  liai-illi, 
and  tliai  oalvfw  and  y'tff*  M  therein  for  inonthis  'lo  imt  hwmtne  tiiW'r- 
mlous. 

It  ifl  a.<«t4>rt<'d  coRiiiionly  tliiit  (he  iim>  of  milk  fnnn  (nbercnloii.'t  oows 
i^  »  positive  d:mgi>r  to  public  health,  an<l  attention  is  directed  to  the 
persistently  high  rate  of  niorlnlity  from  ndicreidnMH  In  all  if»  f>irm« 
aooODg  veTk'  yonnff  children,  and    to  iniprovemeni    in   the  death-r.itei; 

I  (ma  o4her  cniu^es.  It  U  aiKV-ntA  that  lliU  condition  e:in  U-  cxpliiijiiil 
in  only  ouc  wny;  that  is,  that  11  very  Inifie  pmporlion  of  iniirket  milk 
is  derived  from  tubereuloiiH  cows,  and  thua  bottle-fed  children,  if  at. 
all  s«w.vpiibh',  Ix't'onie  infeet'tl. 
.V.S  to  the  prolwible  proporiion  of  infected  market  milk,  owing  to  the 
wide  difference  in  ii«idt.i  ••blaincd  by  various  invc!*lijiaioi>i,  no  delinitv 
Malctnent  can  be  given.  Itabinouitscb,  for  exaiiinle,  found  it  to  be  28 
per  cent, ;  Massono*  by  inotrnlation  exiwrimejiln  plaei'<i  it  at  1) ;  <^l*  at 
11.6.     Sl.tdcn'   fonnd   ihat  more  than  halt'  wf  the  jwunnle."  taken  from 


I 
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*  Coniutn  rcniluMjc  In  Soci^ttf  dc  Dio1i>)(ic.  Murcli  2, 
».1relurf.,rllvini-ni-,  XXtll.  flffflSl,  |>.  44. 
'IbUtm.  XXX'V.  ilWHii.i.,  2ir.. 
'  Zritocfann  rar  Ilvcu-ne  ..lul  Inrppoo™.Wi.khcilcn,  -XXXVIII.  (1901),  p.  418. 
'  AiiBkti  il'litioiic  Sj-aTiiinrnliili-,  l*'.iT,  ]>.  \>V,t. 

*  ZriiKflirid  fiir  Mil,!..  u.hI  Flf  i-nblivKic.itf,  IWI»,  Xo.  8. 
<  Tbc  Lani'M.  Janunrr  14,  1M99. 
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tin-  supply  nl'  the  collcg«8  at  r'umbrid^  (RngtaDd)  WMix-eii't^l  tulM-rcn- 
luKis  tu  gliiiiru-pijTiit  on  iii(x-iihi(ioii;  Ititt  h^u^kv'  t'inim)  tJir  Inu-illlf  ia 
liiU  1 1  nut  i»r  IWI!  snmplcs  nf  milk  which  be  ox  a  mined.  Ochcrs  barf 
4>ltliiiiiiil  rrMil(>Hiiv\vh<-n'Hilhiti  flu-  niii^i-of  (>  ti>  'til  \K-f  n-M.  Ihiulit- 
l(>A!i  the  (liffeivnoch  urc  iluo  to  vuriutioiif  ill  hH'u!  ci)ii<litions,  t'l  iliffr- 
(•mt^  in  Ui;hi)ir,  mid  tt)  luvidriit--^  alwiiy.-*  iittciiditi^  hii|i>hnziinl  Mviinu^ 
o\'  any  nrtick'  of  fiiod  in  o|k-ii  niiirkvt. 

Tukii)};  llie  niMiii  of  ihi-  titriin-.'  givt'ti,  luxl  Hivt-pcin^  ihiit  it-iuTur 
t)ppii>\imiiU'iti  <<r  (he  extent  lu  whicti  public  i^itppbcK  iiiv  iiiln-tni.  il 
mii.-l  Ik-  aj;'"''*^'  t\\at,  il"  inl'cclioii  thniti|;h  milk  i.-  [)■»— ihli-,  iIh-  anmojn 
of  (liNeiiKL'  !>•>  miiMi)  ix  ipiite  imuill  in  pr<>|Hmioii  t»  the  niiiiilier  ot'  tlic 
pupiilatiou  who  are  exiKi«Hf  iliiily  lo  th<-  tiaiijrer.  Thew  un-  hut  frt 
rt'i'DrUil  iii.-icH  ill  which  llu-  inlliu-iiee  (if  ulher  jHoxibV  eoiulitioiiT'  itin  Ix 
exi-hidtil  Ml  thoixiiiffhly  :l^  to  leave  no  rtsiHiiuihle  dniibt  of  the  riimI 
rt'liitinii  of  milk.  S1i)|fle  in!>i»ii<i-n  iii-c  iKi'i-.SNiirily  of  h'w  viiluc  ilun 
jrruupfi  of  uiM-)-,  iitid  the  letter  arv  niiich  lesN  oinimon  than  trencinllv 
I-  t.NpiH>!.i'd.  From  llic  niinilxTiivikiljilile  tht  fnll<iwint;  nre  wlcrliil** 
illiiKintlion": 

Hiiimmlel'  miirds  the  death  of  7  children  with  no  hei-eclitarr  MB. 
iiiiniite.-'  of  a  i-ouveTiI,  from  liilK'iviili>>!i»i  snp|K>>e<t)ly  iiiihie^'il  by  llieow 
of  milk  fnmi  a  eow  ivilb  [iilienrnlofti.*  of  the  Wilder.  AnotlKTrtw 
ri'porteil  by  liitn,  and  ipioItHi  hv  Freiideiireieh,^  ik  one  in  whieh  Itiif  H 
girU  in  :i  hniinlin^-Hehixil  lu'cnnie  infiK-teil  and  <lied.  Tlie  tnilk  vrliNil 
they  had  ii^-il  daily  I'^inn-  finiii  ii  liibeiviihniH  cow. 

Demme'  re|iort«l  iii^  the  only  in?^tjiiiei>  in  liip-  exjiericncc  in  wiiicli  nil 
other  I'diiM-s  i-diild  Hjitt>lui-tonly  he  exeliided,  a  ymup  of  4  infiilitK  »( 
hmlthy  |KireiHiijie  iWt  ii|>on  uneookitl  milk  of  Hil«iniIoini  eowfi.  Thf* 
all  dicil  of  tulK-n'nlor>is  of  the  tnte--'lii>e,  and  the  (li:i;;nri!<i!<  was  mntinm" 
by  iiiilopsy.  Later,  hi'  reiRirltil*  fliil  iinoiher  duitli  ihnu  llu-  -■*»""■ 
oaiiM*  at  four  moutlw.  In  iJiis  ca'*  aL«o  there  was  aliMihitely  ii'ifnnulf 
hixlory  of  InheiTiihwi''.  .\Oer  tlie  enntiriDiilion  of  the  iliiifpio^U  I? 
autopsy,  the  cow  waa  .alnUjihteivil  anil  fouixl  to  be  tnlH-rcnloUs 

A  niore  exlen^ive  imthn«k  uinonjr  older  <liildren  wa."  iV|)orttd  bv 
Ollivier  lo  the  Awl  demy  of  Mwlieine.  PhH",  on  Kelniuiry  21,  IM*!.  -^ 
woniiin  of  tnenty-one  yiflm,  of  ^mmI  lamily  birtory,  who  Iiad  al*iiy 
Mijiiyeti  (jtuxi  henltli,  died  of  tiiiKTeiiliir  meniiifrili-  "borlly  after  laki*' 
tip  her  residence  in  a  hiHirdinir- honi^e  in  whieh  within  a  sbori  rin" 
pn-vioti-ly  II  icli'-il  pris  hiiil  been  K'iwil  willi  1iilK-iviibi.-<i<.  Ii  w^ 
knrncd  that  the  milk  snpply  wa-  derived  from  a  single  animal  wlii<^ 
wan  (ateiiHively  InlH-reuloiiH.  .Shorily  afterwnrc].  Mill  umillier  f;irl  iH 
of  phtbisif  pnlnuiniilis  in  the  f^me  house. 

Some  of  these  i-ases,  if  not  nil,  iiwiy  U-  aeeepled  as  veiTi-  sliuitg 
deiiee  that   tulx'reiiIo»i)i  may  be  f-pniid  through  the  agx'wy  of  mi 

■  Britiih  Mnllnil  Joiirnnl.  N.<vr.-iii)vr  1 1.  I^IID. 
'  Aniuilu)  (l'H.v|!i^Ilt.■  |.iililiimo.  .\X1V..  i..  Oo. 

•  Ijt*  MieroUit  tt  Will  «I«  hull-  ilnni  In  Liiii-rii-.  I'liiin,  ISflJ,  |i.  ili, 

*  JnlinstxTiirht  tlU>r  dip  Tli»iif[kt<ii  iIm  JviKicr'aclii.-n  Kliiilmi 


P.4S. 

*  nridan,  1686,  p.  Sa 
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if  it  is  true  that  so  large  a  propiortion  nf  tlir  milk  kiijiiiIv  ii^  fiimi 
iltM?M.'«il  (Wkw^  iind  ihnt  the  disiaite  it^  oommiinicablp  in  ibi^  u'av,  it 
follows  lluit  witli  thf  viwt  miiinritv  of  ilrinkcis  of  raw  milk  tin-  tMiorlli 
ltIsIi   or  are  tjii^luiiywl  without  gaii)iii|;  cEtRiiic*  tn  the  tis?ftICi>^. 

Gr.tntin;;  ()mt  iiiiirli  iif  thi-  piitilic  milk  ^iipjily  U  dirivitl  fnnii  tiibcr- 
;culouA  COW5,  ami  lliat  it  is  coiisitnittl  very  l;tr<;fl_v  in  uiii^orilimHl  tiMuli- 
ian  by  vmv  j'oiinj;  oliildrpn,  one  wmild  uaturallv  expect,  if  the  bovine 
laoillus  is  markedly  inH-olivc  to  luiin,  to  find  a  von'  hifih  <li'itlh-ntk' 
fnnii  alxlomiiud  i iilxTi'ido.-iit.  amoiij;  the  vorj'  yDUiig,  It  is  aa-ertei!  ihiit 
tlitu  a  tile  «i«»\  anfl  fhl"inttt'  nrjriiiiK-nt(«  in  fiivor  of  tht-  siiiti-ini'nt  llxiil 
taberculou!)  milk  U  rtw]M>iiwble  for  a  great  |»art  of  the  tvjnstjujtly  hipb 
ii>futitilc  dcnth-rnio  Imvc  been  biutcd  on  figiin'ri  givwi  by  the  late  Sir  K. 
Thonw^Tbonic,  in  biii  Hnrbeii  lectura-,  in  XuvoiTibtT.  I^ilS,  ""bowinp  tlmt. 
wlK-naf  in  l-ji(il:ind  mid  \V;ili'-%  tbi-  n-tnms  for  [Rill— iJStto,  loniimi'eii 
»-itb  tluw«  for  I)*")l— IStJO,  indicate  a  iwhittion  in  iiiorl.-ilily  from 
p)ithii<ii>  nl  u)l  apsi  of  -t'lA  [)er  oonL,  iind  fmm  all  fona-  of  tiil»frcnliJHa 
of  39.1  per  criil.,  the  deercaw?  in  talies  mesentericji  W(i8  fi>r  all  iig«»  only 
8,.'i,  anil  for  ebildn-n  under  live  ordy  'A  per  cent,  ;  and  that,  moretjver, 
(•>r  rliildn-ti  tmiler  oiii:  vciu'  iIk'iv  wiik  not  onlv  no  niliii-llon,  bur  an 
aenial  inen-a.-*  of  27.7  per  eent.  Snoh  tigiire's  fmanatinpr  from  so  high 
an  Riithorily,  would  m-i-ui  to  admit,  of  brit  onv  e.iitlitn.-ilion,  niiiuely, 
that  infi-cted  milk  in  a  dunger  lianlly  to  be  overratetl.  Hut  thoM?  ligiirM 
an'  dint'tly  ojuHwcd  to  i'liiii(':il  i-\|M'rii-niT  clM-whcn'  and.  lut  will  .ijiiicar, 
art-  inrorro-1,  I>r.  1).  ISovalrtl '  jiointfi  out  that  il  i*:  only  in  Kntflatid 
that  n'[>nrlA  inditiit^t  anv  rtin.'«i<l<'nibU-  iuiiiiIkt  of  ciu-o  of  |)rinjarv  iute.*- 
tiiial  tulwrfultisii^,  and  asserts  that  it  is  very  rare  in  and  about  Now 
York  City,  ami  that  the  eviilenee  (■otuiei-tint;  liiJHrriiloHis  ui  ehildrcn 
with  infwt<il  milk  i»  ver>-  mwigrc.  Kocli  has  called  attentiou  to  the 
jrreat  infrei|ueni-y  of  pi-ini.nn-  lubenndosjw  of  the  intesiini' amonjf  i-hildren 
in  iu.-<tilntHiiis  in  I{(-rliu  ;  an<l  Hiiih-rt,'  t'>>,  itru>eTif  that  the  amount  nf 
tulwrrular  infci-tion  lbroii;:h  the  alimentJiry  eanni  in  ver\'  p^niall.  Adaiiu  ^ 
'le  i>f  the  opinion  that  tntx-renliMit  of  youni!  eliililri'a,  and  iv|i<i'i:illy  {ktI- 
tonwd  and  int«-stinal  tiilKTtnWis,  is  remarkably  rare  in  the  [jreat  eiiies 
of  North  Anieriea  ;  bnl  .lno<)l>i,*  wliih-  iidniiltiTit:  that  ]iriniii!-)'  tiiln-n'ii- 
lar  nlo-rrition."  of  the  inU-Mine  and  primary  tnl)en'u]o.^ij.  of  the  mesen- 
terie  i^lunds  are  rare,  liolds  tliat  peritone:d  luU-rr-uliwiH  in  vcrj-  common. 

finmi  citc«  the  morlality  n-turoK  for  Moiilreiil  for  the  year  eiidtil 
■Itine,  inOO,  »bowiii<.'  tjiiit  of  i)ii'^  de:ilb>i  from  lulKUVulofis,  but  4  were 
of  childrtn  under  foumTu,  and  -t  of  thf-'«'  wi-n-  fivim  abdominal  tnU-r- 

kicis  in  cliikin'n  iHnler  five  year*.  Crookshank  '  dlswnts  from  the 
ion  thai  alHlominnl  tubenndoni-i  of  Hiiidrcn  i^  eonnei-'ted  with  in- 
niilk,  bat  In-lievcv  that  not  Hunioietit  rouKideriition  ii>  );iveii  to  the 
ijiwibility  of  infeetion  fmni  biinian  sourves. 

The  &llaey  of  Thonn'-Tln)ni<-'s  liirui-iw  lias  hceii  |)i>int<Hl  onl  by  Oirr, 

'  Aroliivr*  of  fV.liiitri.^s  IVmv.  HKII. 

•  BwliiiPr  Itlirii-rlif  Wuc'ln.ii*lirifi,  NnvpniU-r  2.>,  IMOI. 
■  riiilii<lt-lpliin  .M«tl.iil  .Inoranl.  I'Vliruiiry  2L'.  IV>02. 
'  New  York  .MnHi>'Hl  .(..imrnl,  Jiiiimrj  2^  IflUi 

•  The  1jiii(«I,  NuwuiU-r  2,  ISWl. 
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Guthrip,  Donlcin,  (mt\  Mhi^rt,  mid  all  ni^iiniciil>  luiswl  Mieiwin  niurt  IhII 
to  the  ground.  In  PwciiiIkt,  lXSt8,  Carr'  i^lKiwed  lliii)  the  vast  ma- 
jority oi"  coin's  n-tiinii'd  ih  lalu-s  iii(?^iit4-ricii  wc-rt?  |)n>I>iildy  (if  ui:ini.x- 
luu.*,  due  _t(i  K"'^t''''-i"'(''^''''!d  ""'fcirrli,  <iuthric'  corivhidcil  (Wini  Ihp 
reeults  of  77  aiitopsi««  perfoniiwl  by  liim  on  tubePL-ulam  chiidren  tliat 
the  <li!M>H«(!  liegiiii>  fur  more  commonly  hi  the  cheKl  lluiu  in  the  alxlomm, 
sud  tliiit  tabi'.H  niej^ctutt'rioa  an  n  cavire  of  death  in  young  chiIdn.'D  U 
[>raeti(-ally  unhnowu  or  i-MrerucJy  mm.  Duiiklii,  who  oontetid^  tbut 
the  origUKiI  si)rnifie:inee  of  the  term  "tabes  nK-fieiiterica "  no  lonjier 
holdfl,  siys ; '  "  We  sdl  know  tliat  all  kind.i  of  iiiti^tiniil  »n<]  mher  ili»- 
ordcre  arc  wrastaiitly  styled  'tuhen  PK*euteriHi'  by  tho!<'  who  fail  to 
cure  them," 

Ni)lwltliHtinidiu);  the  jmiieily  of  e«;<»  wliieh  offer  ctronR  evident*  of 
^Ciusal  rtlation  between  iiifceled  milk  and  the  oi?eurren<*  of  tiibenm- 
wcis,  and  in  .^iiili-  of  liie  now  rts^jjfiiiw.'ii  dilVeRTici-fi  l«'lwee-n  llie  bovine 
and  hununi  baeilli,  the  poesibili^'  of  danger  iu  individual  cases  eannot 
lightly  be  hnichcd  asidf.  Aeci^nling  lo  'fhculiHld  Smilh,'  it  i^  qiiittt 
[)ij!»{<ible  thiit  Mmielhiii);  ind-rfereis  with  ihe  !d>>orp<ion  of  bovine  bacilli, 
while  allowing  the  human  Iwieilli  to  jiat* ;  and  while  nieial  diftVrenct« 
probably  pre-voiit  the  nU-Mn-plion  ol'  bovine  budlli  uti<ier  oiihiutry  eincum- 
stancus,  and  n  few  bacilli  are  harmlo^,  there  iw  danger  if  the  digestive 
tract  itt  flooded  witli  baeilli  fi-om  Iiibi-n-nloii?  uildc-i'*.  0!«U'r1i4f '  rnlvo- 
catea  the  eulliug  out  "f  all  e<)Wti  i-howing  eludral  evidence  of  tuhemi- 
Wl4  (beyond  reaeling),  and  c->[>K'iiitly  of  nil  wiili  li^^iouM  within  the 
udder. 

I^eblanr;!'  ]»  of  ihe  opinion  that  tin-  milk  of  (ubcrvulony  txtw*  u 
dangi>roTiH,  uot  on  account  of  the  bacilli,  but  on  account  of  the  toxins 
thai  i(  eontniriii,  tiir  it  liii»  Ix-cn  ]inivi-<t  to  have  toxie  ])rojK-rtic^ 
Michellaiui  has  showti  that  Eueh  tnilk  lujix-ted  into  tuberculous  ani- 
mals eaiuies  n  it^nction,  and  thai  the-  milk  of  a  tulH'reulons  mother  will 
iu  lime  prove  toxie  to  her  ohilil. 

Milk  Oontaminated  ft-om  without  with  Organisms  Related 
to  Human  Diseases. — Milk  timv  l>i>'iiini>  eontiiiiiiiiiitii]  with  infec- 
tive matter  in  variou.-*  waviv  It  may  reixi\'e  it  fmm  the  hantU,  |>er- 
9(U),  and  clothing  of  the  milkcts  tmd  othcis  by  whom  it  i^  handled, 
wltcther  thcj'  are  themselves  sick  or  convalescent,  oi-  acting  in  the 
oapncity  of  nui-wt'  or  atti-ndanl  for  oilier^ ;  it  may  aetjuin-  il  from 
unclum  vi**--M.-!.-[  rini^cd  in  polJntetl  water,  or  fnini  water  with  which  it 
liaa  fraudulently  iwen  mix«-d.  Oullirwiks  inutil  to  milk  generally 
involve  a  oon.->idi'nd>Ie  number  of  (HTwon'..  and  apiwar  with  «imc  »ud- 
(lennees.  In  fact,  it  is  the  i^imullaneim.'i  a|ijj«imnce  of  a  bigr  number 
of  (taMLs  that  di-awN  altentioii  to  the  water  Mi]>|dy  or  milk  ax  a  uomniou 
utWH?.      SjHirailic  eju^ei^  are  rarely  traewible  to  milk. 

Ou  account  of  the  danger  of  .■•[ti^eitio  ii>ntiimiiiation  of  milk,  no  i>er- 

H  'The  Ijinm,  1*18,  II..  [..  Irtlia. 

■  '  tbi.]i-ii>.  IWS,  I.,  p.  -m. 

■  '  Briti.b  .Mrdi™!  Joiininl.  IVlriWr  H.  I8BSI,  |).  1046. 

■  •  MnlLiil   Nri.^  FrLill^iIV  'ii.  IIMIJ.  >  I»M  dtltO. 

■  *  Lvuu  ni-.'tlk'Tj].  April  N.  ItiOl,  |s  :M. 
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!on  sick  witli  or  convalea^nt  from  iufectious  disease,  and  no  iKtrfk>n 
laving  to  do  with  the  care  of  the  sick,  or  with  the  dinposa!  of  their 
excreta,  or  with  the  washing  of  their  linen,  slionld  be  allowed  to  handle 
milk  intended  for  the  asc  of  others.     Public  authorities  urc  ntpidly 
betoming  awakened  to  the  importance  of  restrictive  measures  in  this 
ngud,  and  in  many  communities  it  bos  be<^'n  made  a  criminal  offence 
to  £iil  lo  give  iiotiise  of  the  j»resence  of  caseri  of  infectious  dise:ii^  at 
the  place  of  production  of  milk  or  among  those  engsiged  in  its  distribu- 
tion and  sale. 

Upbtliena. — A  large  number  of  epidemics  have  been  reported  in 
which  a  positive  connection  with  the  milk  supply  appears  to  have  been 
&irlv  well  made  out ;  but  so  tar  as  Ls  known,  there  is  no  connection 
twireen  any  disease  of  the  cow  and  that  which  we  know  as  dipbtlieria, 
ilcbough  a  number  of  outbreaks  of  diphtheria  have  been  reported  as 
traced  to  gai^t.  The  specific  oi^nism  of  diphtheria  may  be  intro- 
dnoed  into  milk  from  the  discharges  of  persons  employed  in  the  hand- 
ling and  distribution  of  milk  before  they  have  recovered  thoroughly 
from  the  disease.  Dr.  J.  W.  H.  Eyre '  found  the  bacillus  of  diphtheria 
in  samples  of  milk  supplied  to  a  large  school  where  a  number  of  cases 
ofthe  disease  had  occurred.  The  organisms  gave  the  usual  character- 
Btics,  and  no  reason  appears  for  doubting  their  identity. 

Srhottelius '  proved  that  the  bacillus  of  diphtheria  can  giow  very 
fipidly  in  raw  milk,  less  so  in  sterilized  milk  at  ordinar>-  temperature, 
l«t  very  much  bettor  at  37°.C.  Injisrauch  as  the  nrgimism  may  pcr- 
"^^  for  long  periods  after  the  disease  apparently  has  diwa|)peiirod,  and 
iiiiy  be  present  in  the  throata  of  jiersons  in  apparent  lieidth,  it  nee<i  not 
excite  wonder  when  it  is  reported  present  in  milk. 

Cholera. — Undisputed  evidence  of  the  connection  between  milk  and 
Asiatic  cholera  is  not  very  cimimon.  There  is  some  disagreement  as  to 
tl* viability  of  the  cholera  organisms  in  milk;  thus,  Hesse'  found  that 
liteh,  raw  milk  exerts  a  destructive  influence  on  them ;  tliat,  in  fact, 
Hiey  begin  to  die  as  soon  as  they  are  mixed  with  it.  lie  foinid  that 
wydieat  ordinary  room  temperature  within  12  hours,  ami  at  ineu- 
wtor  temperature  in  from  6  to  8  hours.  The  age  of  cultures,  the 
"Mure  of  the  culture  mediji,  and  the  addition  of  the  latter  to  the  milk 
»ith  the  bticteria,  appear  not  to  afibet  the  resuH.  Stcrilii'.cd  milk  was 
Swnd  to  be  a  better  culture  mwlium,  Bnsemui '  disjigrccs  with  Hesse, 
He  found  that  uncooked  milk  does  not  kill  the  oi^inisms  in  10  hours, 
•liat  they  are  active  after  38  hours,  and  that  u}»  to  the  |)oint  of  coagn- 
ation  of  the  milk  tbey  increase  amsidembly  in  number.  He  found 
that  in  polluted  milk  they  remiiiii  active  at  Icjist  .'J2  hours  at  ditfei-ent 
l«nperatures  (room  temperature,  24°  and  'M°  C),  and  tliat  tlicy 
ftDuiin  active  even  after  the  milk  lias  coagulated. 
Weigmann  and  Zirn'  found  that  the  length  of  time  cholera  bacteria 

'  Rri(u-h  Medioal  Journal,  SeptenibcT  %  18Hil, 

'  CentrslblHll  fiir  BakterioloRie,  Alitli.  1.,  XX.,  No.  2-"). 

'  Zeiwchrift  fiir  Hvpene  iinH  Infetliimskrankbeiteii,  XVII.,  p.  233. 

'  .\rchiv  fiir  Hyjiiene,  XXIIL,  p.  170. 

*  Centralblatt  fur  Bakteriologie,  ete.,  1804,  No.  S. 
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TfumUi  lu-t'iv  <l<rj*iML-  uprin  ih^  raiW'  iher  bear  to  the  numbCT  of  otticr 
or(;:ii»i.>ffi.''  ftn:-4-iit,  and  tliat  in  '*nler  to  survive  fur  manv  hours  tliev 
wmilrl  hsiv  U)  in-  iiiM<«]  t>i  milk  in  ext-^Mlin^y  Lii^  numlters. 

'I'Ik;  i'vi<li;r)''«;  timt  '-Imli-Ri  CUD  br-  (lis-^iiiDat«d  thnMivh  tbc  Kgmrr 
of  iitilk  i^  cxiifiJitijfly  liiiiihfl,  anil  alxiut  the  only  ea^  tree  Irttni  diiubt 
i-  iliiit  nii>nM  by  .Sinijw^n,'  who  rcLites  that  H  «l-kw  of  cholera 
oiTiirrcl  r-inMi-fily  on  a  whip  in  llif  luirixir  of  Calt-uttu,  10  men  of  wIkw 
iT'w  Im'l  ohriiiiit^l  milk  fnim  a  native.  One  dnink  but  little  and 
(■-ciijMil,  I  dinl  of  uiiiloiibtcl  rlioleni,  and  't  were  veiy  i^iek  with  (liar- 
rlioii.  Ki^til  ollicrs  who  n^-d  condcnseil  milk  only,  and  those  wb 
tM-i\  no  iriilk  wliati'vtT,  wcnr  luiafl'ectcd.  It  was  learned  that  the 
vendor  had  iliinti'd  the  milk  alxtut  one-fourth  with  water  from  a  tank 
lo  wliii'li  dejei-tioiin  from  eholeru  ]iatients  had  gained  access  and  in  wbich 
the  elolliex  of  the  jHitieritM  were  washed. 

Bcarlflt  PeTor. — In  I )e<'emlKT,  188'),  txicurred  what  has  l>eoome  wra- 
inoiilv  known  iis  the  Heiidon  onthrc^ik  of  sciirlet  fever,  due  to  a  di:«isf 
of  rown,  mid  ninn'  that  time  ii  niimWr  of  other  epidemics  have  Weo 
(niriil  niiiiiiii-ntly  lo  »  conmion  milk  supply.  In  the  Hendoa  ca.% > 
nniiilier  oT  imw-  were  or  had  been  wick  with  an  infectious  eniptionuf 
the  iMhIi'i'H,  anil  llieri'  eiin  be  no  doubt  that  the  disease  under  eonsiden- 
tioii  was  ^■|n^'lld  lliroiifrh  the  agency  of  milk  coming  from  thie  dain'; 
bill  nihcr  eiiw-  having  tli<'  wtinie  dis«'asc  csinsed  no  trouble,  and  the  pos- 
fiiliilily  of  iiinlriminnlion  I'roni  hnmiin  sourc^cs  could  not  be  excluiW 
Mbwoliiielv.  A  nnmlHT  of  other  ontbrejiks  of  the  diseaise  have  whk" 
whiit  doiiblfiilly  bii'n  ascribed  to  similar  teat  eruptions,  but  in  no  case 
i«  lite  evidence  eonchisive.  On  the  other  hand,  there  is  midoubted 
cvidciii-e  tliiit  (lie  ilisciisi-  bus  manv  times  l>een  spread  by  nnlk  from 
liii'in-  wheii'  i-liildivn  and  others  wctx'  sick  with  it. 

In  tniiing  c|iideniie>  of  this  ;uid  other  dis«>sos  to  a  common  raus*i 
\\\<w  i-i  !dw:iy-i  ilangci'  of  lending  tii>  nnieh  ini[X)Ttanoe  lo  coincidenWt 
iiml  of  .-oniing  ilieoby  lo  imvvarnmtitl  ii-nehisions.    As  an  illuslrJlioni 
the   lliUowiiii:   cri-e  niiiy  Ih'  citc<i :    In   ISit",   in  one  of  the  oatlyiog 
«!iiiK  of  lliwion,  !i    lrii"u:i'   nnniliiT  of  i-;)-es  of   seariet  fever  oecurrt" 
«iili  ••iinie  --iiddfiini"  ;nnonjr  diildtx'n  chicHv  of  the  well-to-do cla* 
NiiiiinilK  ibc»i'  wa*  nnici)  di-iiLrb;nuv  ot'  ihc  |Mib!ie  mind,  and  an  ii' 
\i-  ii.;:iiitin    «a-    iniden.ikcn    inumiliatdy.     It   was   ascertained  iba* 
n<viil\   all  ol'  ihc  liiiniliev   .v>n.»<  nml   wiiv    >npplt<^l   by  one   niilkmaO' 
«li.<  "r:ii..>r'  all  tbc  milk  «lii.b  bi  liandlnl,  aittl  the  n-sjionsihility  fi'* 
ill,'  .MolnwiK  \\a*  ai   .^n.>-  laid  at    iii-  d.-T.       His  premises  werp  e*' 
iimii.>l  I'l  til'-  !i.\dili  ani!i.>riiii^  and  l^i;iid  ;o  Iv  in  exivllent  «»nditiof' 
\,.  ,..  ■  .X  .li-,-i-.-  .'!  ■itdi-ivv.iii,.n  i.a.i  Lw-.irrnl  in  his  £)mily  or  amiin£ 
lo    !i.  ]]'  "  ■.\\>r.\  :t  iK!.-,!>iv  ■•>'.    ;\:,v.;:l>.  ^-^  .y    \::„\    he  or  snvlxidv  ou  th* 
pi  l■^  ,    .1    !  •:    <■-  ■■.<:',i    Iv    a^s  ;-..:■.■. \',  Sc;  ■;  i',  >•  inisci  with  anv  case  o^ 
-,Mil.i  I.  V- 1  .'1  ■■!  ■i!i>  .';!>.:  .;'.:.v ■;■.■;.-  .h-i :.-,      Hi-  imw- weiv  examin«.l 
l>\    I  ili,-i\-  :,'  li  ,•,'■■, o*.-;.  :■;  \  .■:.■■  :>:■  ■,■.■,:■  ■'.ii^nni'rtl  in  I'Verv  respect 

1i.mIi1i\  \,  \.  1  i!i,  k'v-,  -;>. ;!>;:.  ,\.  ;;,:■.•.  ■  .  :":.:.  -■  high  ihsi  hU  business 
1. 11  a«\M\  ^.■l^    .s>ii-i.l,i-^,Mv       H:..:   ■    - '^^^    .-.  w   shewn  the  slightest 
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vidence  of  an  eruptive  tlisease  of  the  teats,  the  epitleniic  might  have 
«eD  huiled  itR  aaother  Hendon  outbreak,  und  been  quoted  in  sanitan' 
liston.-  as  a  noteworthy  example.     The  fact  that  the  great  majority  of 
caaes  occurred  amon^  his  {)alrun8  was  easily  ex)iIaiDable,  for  he  was 
bnnwn  to  he  a  careful,  cleanly,  honest  dealer,  and  was,  therefore,  the 
very  sort  of  man  to  attract   the  particular  class  whose   homes   were 
inv'aded.     The  children  aifected  belonfi^  to  closely  affiliated  groups  of 
playmates.     Further  iuvesti^lion  revealed  the  fiict  that  the  first  case 
ws  of  a  lad  whose  family  was  uot  a  customer  of  the  Huspected  dealer, 
utd  that,  immc<liately  Ix-fore  taking  to  his  bed,  he  had  been  playing 
»itb  a  number  of  those  who  were  among  the  next  to  be  seized.     These 
io  their  turn  had  been  at«ociate<i  with  others,  and  so  the  infection  bad 
spread.     Thus,  what  might  have  served  as  a  most  useful  example  of  a 
milk-borne  epidemic  of  scarlet  fever  fell  to  the  ground,  and  the  unfor- 
tunate dealer  was  absolved  fnjm  responsibility. 

Tjphoid  Ferer. — There  can  lie  no  doubt  that,  in  the  spread  of  typhoid 
faer,  milk  plavs  a  part  only  second  in  iniportanee  to  that  of  drinking- 
ister.  A  very  great  numl>or  of  epidemics  have  bL-en  traced  beyond 
1  possibility  of  dispute  to  milk  coming  from  farms  where  cases  of  the 
toease  have  occurred.  The  contamination  is  brought  about  by  the 
httdfi  of  the  milkers  or  other  handlers,  who,  in  addition,  assist  in 
■iireing,  or  by  the  addition  of  infected  water,  or  through  washing  pails, 
Ms,  and  other  vessels  in  such  water. 

From  time  to  time,  tabulated  analyses  of  outbreaks  supposed  to  be 
^  to  contaminated  milk  have  been  publLibed,  but  a  very  large  pro- 
portion of  the  cases  included  are  l»ased  on  very  insufficient  evidence, 
fonwtimes  exceedingly  slight,  such  as  that  a  cow  had  drunk  from  water 
intn  which  drainage  from  the  barnyard  bad  had  access.  But  within 
front  years,  a  number  of  extensive  epidemics  in  this  countrj'  and  else- 
*bere  have  been  traced  with  as  much  tlefiniteucss  to  the  milk  supply, 
»lave  others  to  the  water  supply,  and  with  the  same  and  only  defect 
4m  the  bacteriological  proof  has  been  lacking.  As  is  the  case  when 
wibreaks  occur  from  [lollufed  water,  when  attention  is  drawn  to  the 
Iixnble  cause,  the  bacteriological  evidence  is  no  longer  obtainable,  the 
'TOilitions  having  change*!  during  the  period  of  incubation. 

The  State  Boanl  of  Health  of  Ma.ssachusctt-s  has  traced  a  number 
•^utensive  epidemics  to  the  use  of  polluted  milk,  but  in  no  insbince 
wihe  oi^nism  been  found  in  the  milk.  In  the  city  of  Boston  also, 
'We  the  local  authorities  keep  a  constant  eye  on  the  reports  of  t^-phoid 
W  cases  with  particular  reference  to  the  i>o.ssibility  of  dissemination 
""niiph  milk,  a  number  of  small  outbreaks  have  Ix^'n  tniccd  definitely 
'•milk  supplies  derived  from  small  farms  where  j>ei'sons  sick  with  tin' 
■"aw  were  nursed  by  those  who  had  niilkwl  tiie  cows  and  handled  the 
■"III.  and  in  these  instances  also  the  bacteriological  evidence  is  ia<'king. 
Tliat  the  ot^nism  can  retain  its  vitality  in  milk,  and  even  in  sour 
"ilk,  has  definitely  been  settled.  Hein  found  the  oi^mism  in  sour 
»lk  at  IS^-IS"  C.  after  thirty-five  days,  but  not  after  f.rty-ciglit. 
oKsehas  found  it  in  sterilized  milk  after  tour  months,     Drs.  Fr.ienkcl 
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iitid  Kuilcr,'  Imviiii:  renson  to  Ilpli^?^■l>  llmt  th«  iiiiii>>aiiit  iinioiiiit  nf  iv- 
j))ioiil  fovcr  at  llatnltiit^  ilitrin^r  Hif  f'iimm«r  nf  lUiiJ  wna  dw  in  |Kirt 
til  iiittK^tttl  lnuti-rniilk,  umli-ri.">k  (in-  !«lii(iy  of  tlti-  i|iii9<ti(>ii  wWlWr  H. 
Ii/jihiiiiini  dkli  vx'm  it)  lluil  fliiii),  niiiivrniii);  wliii-li  piiittl  tlii?re  Iiad  Ixm 
moiv  or  less  iif  conflicting  teniiinony.  Olitaiiiitig  rome  i«im|tl<^  ihn' 
firxl  itiv(:r<tigtili'<l  tin-  niiiiilKr  tiiifl  iilrnlitv  nl'  tlit-  (i)titiiiiK«l  t)arlcrii, 
iiiict  IcnriicKl  tli.'il,  wliik'  tlie  iiiin)l>er  varied  widely,  tbe  8|>(><.'Mv>  w*if 
iilu'uys  nlmiiL  iho  n;inii-.  Kiiidiii);  do  jiiilliiipiiio  <ir^iiii>iii»,  tltey  (b-HI- 
iwd  "(KriiTH-Jii'  in  twt-liiW-)'  »  half  hour  a  iLiy  for  thivf  iLiys,  (Iwi 
jiliiiiled  (he  typhoid  l»arillu»^  in  thciu  and  ki-pt  them  nt  difTvrdit  Um- 
|ii-mtimv> ;  iiu  iw  anil  at  22°  ond  117**  C  Lcm^jh  wero  Uilivn  from  «rfi 
lii'iii  time  to  time  and  planted,  and  each  yieldtd  |>isitivo  iVHiilts  Tbf 
Tipi-eiiiieii  kept  at  nmin  leiii|H'nilin'e  \mu  under  obf-ervatioii  niacds.it^l 
the  uthcr*  were  not  examined  alU^r  the  lliini.  The  hjH<oimeiH  of  fn'"h 
InilUTiuilk  eonlitiiiiii);  all  it.-  Iwctiiia  weri^  planted  and  kept  nniitT  tir 
fame  eoinHtious  iinil  fi-um  (heai  the  Ntme  resnltii  were  otiiain^vL  Vil 
there  W3»  this  diflen-net^,  tluii  llieiv  mi.-'  nlwitvn  a  <limianlioi)  ii)  tii* 
niind)<.T  uf  the  ]i!Hluif;enic  orjjaiiif'tn'i,  and  this  was  the  more  nuirkal. 
ami  ^onieliiiu"'  very  nipid,  willi  ini-mi.-in{r  tom[wratiirtM. 

Oholern  Infiuituin. — Li  ksctw  Ln-f^  community,  it  \ia*  b«^imc  (ii»- 
toTuaiy  to  exjx>ct  as  a  uoraial  ei>ndition  a  large  <J(ulh-rate  antone  rliil- 
divn  with  the  advent  of  hot  weather.  Thi"  inenfli»c<l  deiith'mtc  i* 
iimilfil  ven'  laiyely  to  the  verv  earlv  aj.t-  periods  and  lo  ehililreii  W 
on  eows'  milk,  and  while  eliildren  of  the  (hut  an'  ihe  ontw  nin-t  inin- 
niouly  attacked,  those  of  the  well-to-do  ai*e  hy  no  mams  froe.  During 
tlip  sit^  of  I'ari.H,  ihe  intiinl  tnorlalily  was  redneixl  to  a  Iiall"  "f '" 
ywirly  iivcrape,  alllioujrh  the  ficncnil  <le;itli-nitc  had  doiil'liil.  Thi* 
nnUMial  rttndition  wiu*  atirilniled.  no  doiiht  eonwtly,  lo  liu-  tici  tint 
niiithers  were  obliged  lo  unrse  their  iiifnnt-<  when  they  could,  ou  ik»w"i' 
of  the  groat  scarcity  of  cows'  milk  and  other  foods. 

The  cotuninn  milk  I«ii't(^ii  an-  ni-diiuii-ily  luimila'M,  l>tit  it  inij"*"*" 
that   some  sih-ticb  under  wrtaiii  eontlitions  prinhiw  toxins  in  ciilli-'i'"' 
amonnis  to  eauw  fraslrie  anil    intestinal   dislnrhanee.-,      Aeeonliiii:  '" 
Bii)rin)»ky,'  a  hir^e  part  of  the  auuual  amount  of  cltolent  iufuntiiKi  ■' 
due  to  ihfs*  prtxiuRtft  (see  imder  Gnrgd,  p.  99). 
^B  l>r.  l-X  \V.  Ho[>i*  inviiiti^iitcd  over  ii  thon,'*nnd  «n»c«  of  Mtniiin"' 

^B  di»rrti<pa,  and  found  thai,  of  'l'.\'.\  deaths  of  infants  under  tlm<<>  mnatliN 

^F  only  lA  had  not  n-eeived  other  than  lluir  naliirul  food.    Thnl  '\s  XKi^t 

^^  thtf  ik-utlii^  nmong  artificially  tctl  ehildivn  luider  ttiix^*  montti^  ofi|^ 

^1  wei%  fifit«n  timos  ai>  nnmvmiLi  iu«  ainon^  those  mirsed.    In  do  les^  diM* 

^1  '2'2  [KT  cent,  of  the  whole  number  of  fatal  ca»c«,  otlter  iucnil>civ  "f  l''*1 

^1  houwhokl  had  suffereil  from  diarrhira.     The  most  strikiii;:^  insiaarr  ij*  1 

^1  the  eommuniealiility  of  the  iliMiirlKiiiee  whm  tlint  at  an  infant>-'  hon"'  '**! 

^1  whieh  were   10  ehildreii   under  the  age  of  five  montlis,  all   in  iJorfK-" 

H^  keullh.    An  infant  of  two  mouths  wuh  ndmitt^nl  in  .(ulv  with  vomilin^ 


I 


'  Milnctwnor  mMKciniiwIio  W.i.-hi-MH)irin,  F«-bnnirr  18,  1898. 
>  BrriitiDr  kllabrhH  W»~)iciM'lirift.  1NU4,  .Nqk  -13  and  44. 
*  Pablh'  Hcklth,  Julf,  18!ffiL 
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ukl  diarrhoea,  and  within  a  few  diij-M  G  of  the  other  infants  and  the 
Dorses  were  sick  in  the  same  wixy.  The  4  other  children  were  taken 
awaj  at  once.  The  admitted  child  and  the  6  that  became  infected  all 
&d.     The  4  tliat  were  taken  away  were  saved. 

Bacteriolc^iotl  examination  of  milk  has  shown  the  presence  of  ex- 
tremely active  organisms,  including  B.  enteritidiM  sporoffeiiei  of  Klein,' 
which  has  been  found  by  its  discoverer  in  the  ileum  contents  of  chil- 
dreo  and  adulb  with  diarrhcea!  conditions,  but  not  in  a  condition  of 
health.  It  has  been  found  by  Andrewes  in  tlie  discharges  of  cases  of 
spmdic  diarrhoea  of  adults,  and  by  Klein  in  three  different  outbreaks 
UDong  the  inmates  of  a  single  hospital.  It  is  a  common  saprophyte 
louiifl  in  stowage,  in  polluted  rivers,  and  in  manured  garden  soil,  and  is 
lay  commonly  detected  in  milk,  the  use  of  which  has  not  been  fol- 
lowed by  untoward  results.  Under  certain  unkno\vn  conditions,  it 
becomes  highly  pathogenic,  ami  recent  milk  cultures  are  intensely 
virulent  when  inoculated  subcutaneously  iu  guinea-pigs. 

It  is  probable  that  to  this  oi^juisni  was  due  an  outbreak  of  milk- 
|»t«ning  in  Malta,  described  and  investigated  by  J,  Zunimit."  In  one 
village,  o  families  conipri,«ing  12  jwrsons  were'  seized  with  vomiting, 
diirrhfpa,  and  cramps,  and  2  children  succumbed.  Post-mortem  exam- 
inatioQ  revealed  nothing  except  congestion  of  some  of  the  viscera.  Sub- 
Bequently,  in  another  village,  17  persons  in  5  houses  were  attacked  with 
swere  gastro-enteritis  and  collapse.  The  symptoms,  which  came  on  in 
■11  cases  about  three  hours  after  drinking  milk,  included  vomiting, 
diarrhoea,  acute  pain  in  the  stomach  and  bowels,  cramps  in  the  extrem- 
^,  weak  and  irregular  pulse,  and  cold  and  clammy  akin.  The  per- 
ms oonoemed  in  both  outbreaks  obtained  their  milk  from  the  same 
<Wer,  whose  cans,  which  had  a  sour  smell,  yielded  on  bacteriological 
eumination  a  bacillus  having  all  the  characteristics  of  the  one  men- 
toned.  Families  which  were  supplied  by  the  same  dealer,  but  directly 
fiem  the  goats,  showed  no  symptoms,  and  the  goats  themselves  were 
free  from  disease. 

Andrewes'  has  described  3  much  more  extensive  outbreaks,  referred 
tiiibove,  due  t«  the  same  oi^anism,  in  one  of  wliich  the  offendmg  f<)od 
»«  found  to  be  rice  pudding  made  with  milk.  The  first  and  second 
witbreaks,  in  which  no  one  article  of  food  could  l)e  incriminated,  in- 
Vfllved  respectively  59  and  146  patients;  the  third  involved  S6.  In 
ill  3  outbreaks,  the  great  majority  of  the  attacks  were  mild,  hut  in  some 
«f  the  more  severe  cases,  the  discharges  containe<l  mucus  and  blood. 
IfJl  3,  the  oi^onism  was  found  in  the  stools,  and  in  the  second,  it  wus 
^i  in  the  milk  given  out  on  the  previous  day.  In  the  third,  it  was 
^ipoesible  to  obtain  any  of  the  milk,  but  the  pudding  made  with  it 
.lelded  the  organisms,  in  spite  of  the  heat  to  which  the  compound  had 
wen  subjected  during  its  preparation.     It  was  found  by  direct  ex|>eri- 

,'Centralbl«tt  fur  Bftcteriolope,  etc.,  XXII.,   Abth.  I.,  Nos,  20  and  21;  XXUI., 
*™-  L,  No,  la 
'Briiish  Medical  Jotmia),  May  12,  1900,  p.  1151. 
Tlie  Luicet,  Jaouu;  7,  1S99. 
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Diciit  llmt  Ur-  intrrinr  »f  kiicIi  »  imddinf;  did  tint  itttain  n  tt-nipfnittnv 
above  98°  C.  diirinj;  rookiii;:,  a  tfiiiixTiilure  IwIkw  that  i>w*6eari'  for 
[lie  (If^tniotioii  nf  tint  !^[M>n-s,   tvliicli   mi-  iiniiirig  Uic  most  ix^b4iuit 

kOL'WIl. 

Analysis  of  Millc. 

For  ordinan'  pur|iiis«.>«  of  il<-tt'nuiniii|r  llir  cjiuilily  of  milk,  t\w  jins- 
t-nw  i)r  al>R'iip^'  of  u<l(li'il  walor,  anil  wlit'tlier  it  hnn  Win  n  jitied  «f  iu 
oivaiii,  n  o(>iu|>lctc  clieiiiit'Eif  aiialyatn  i.-<  liy  un  nuTniin  al^vuv:*  ncor^^'. 

fiiKv  iiiiicli  may  Iju  knimt<)  trm 
Flo-  i  niiiiitk-  iiispprtion  hy  uinutH  of  the 
liid'xk-nifimi-tcr  mid  tliL-  brtOMWpK 
Tho  Indodca-iiiiPliT  (Fijt.  '1),  « 
IiicIonn'tiT.  i"  iiicn-ly  »  kii)?'  k- 
iln'melcr  ivitli  a  Mi'iii  j.'nnla;ilnl  t« 
sliow  ?|)f<'itif  (fraviiit-?  nuigingfn«i 
1.015  to  1.040.  The  lartcwnpr, 
iiivoiitcil  hy  Pnifciwiir  Vt*!^n,  is  an 
iii-'triniiciit  ilm^Ktt  (o  itHlii^li-  llic 
ii;)|>n<xiiiiiito  fiit  i-Diititit  ol' milk. 
J I  i^»U(-iiiU  of  •;  jilastj  c\-ltii<]fr,  inw 
the  \mnf.  of  whirh  a  nnmlU-r  ovtindcr 
uf  wiiitr  |;1fiN<,  do)>vd  at  tin'  lop 
and  mmiiitnl  on  a  mt^illir  Inw.  ^ 
liiii'il,  Thr  iiii^T  i-ylindiT  i'  g^a>^ 
ualwi  along  the  side ;  the  f^miWvt 
on<>  tHwiK  a  number  of  lOuck  hun* 
zontul  linct).  The  instniOH-nl  "^ 
Amwn  in  l"'ip.  !. 

Tlic  ])riii(-i|ilc  of  tlw  instrunii-nt: 
ih  luiK^)  ti[Min  the  tWt  that  tbi; 
ojHioity  of  milk  ii-  itiiv  luiiinly  to 
tlio  fat  ckibulei'  in  litispeni^ioa^  and 
llmt,  tlioivfoiv,  ihc  Hi'hiT  a  mitt 
iv  in  fat.  iho  nr«>'<^  >''  its  oiwcitT, 
aiifl  th(^  more  it  niU-Ht  be  dilul 
to  n-diiixr  thr;  (^ms^  to  Hicb  ai 
extent  as  to  permit  th«  pas!)ag«^  ol 
light. 

Tlie  method  of  tite  \i^  a*  follows 
Koiir  M\  of  ihv  speciiiH^ii  iirr  d 
livervd  fix>in  a  j)i|)ette  into  the  eylinderthrou^rh  the  opening;  iii  ilitui: 
eitd,  and  llu-ti  water  i<  mkled  in  kiiuiII  |iorlionM  imd  tliomuifldy  mix 
by  inversion  of  ibe  in^t^nnent,  iIr-  orifiot-  U-inp  kept  oIukiI  by  Uie 
of  the  furi-tiuprr.  Aw  .*i»n  as  the  sneeewivo  additions  of  water  bav 
rMltiwd  the  o]i!u.'tty  of  \iw  mixlurt'  tr)  snch  an  extent  that  the  bbtd 
liuoi  on  the  n-hite  eyiimler  «m  be  dijuvniiil  tut  distinctly  that  tli«y  ma; 
be  co«nt4xl|  llw  height  of  the  liqtik)  on  the  wale  in  noted  aiid  the  ] 
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centage  of  fat  indicated  is  read.     Four  cc  of  skimmed  milk  will  re- 

(joire  so  little  water  that,  when  the  lines  can  be  seen,  the  level  of  the 

nbturc-  will  be  very  low  on  the  scale,  while  with  rich  milk  it  will  be 

wrreir^poadingly  hij^h,  and  with  cream  the  whole  cylinder  will  be  tilled, 

wA  evea  then  the  lines  cannot  be  made  out. 

Cuntntl  analvises  show  that  the  instrument  gives  very  fairly  accurate 
lesulls.  Neither  of  these  instruments  alone  can  be  depended  upon 
to  indicate  the  true  quality  of  milk,  excepting  in  the  case  of  samples 
thich  are  either  very  good  or  very  bad.  The  specitic  gravity  alone  is 
specially  fallacious  as  a  guide  for  the  following  reasons  :  The  spccilic 
mvity  of  normal  milk  at  59°  F.  ranges  between  1.029  and  1.0^4. 
Ibe  removal  of  cream  causes  it  to  rise ;  the  addition  of  water  causes  it 
to&ll,  A  normal  milk  when  robbe<l  of  its  cream  may  show  a  speciHc 
pavitip-  of  1.036,  and  then  if  a  small  amount  of  water  is  addt^l,  the 
pavily  is  brought  down  to  1.032  ;  that  is  to  say,  within  normal  limits. 
Thus,  a  milk  after  being  doubly  treated  so  as  to  reduce  its  nutritive 
iilue,  may  show  a  normal  specific  gravity',  and,  on  this  test  alone,  be 
dsffied  as  pure.  Xor  is  this  the  only  objection  to  a  system  of  inspcc- 
tioQ  of  this  ma-it  Important  food  bas^  upon  the  use  of  the  hictometer, 
ance  milks  exceptionally  rich  in  iiit  have  a  specific  gravity  below  the 
nomial,  and  thus  may  be  condemned  as  watered. 

The  lactoeM^ope  alone  is  also  not  to  be  dei>ended  upon  in  all  aises, 
lioeea  railk  which  shows  a  normal  content  of  fat  may  be  one  of  eoii- 
liderablc  richness  in  that  constituent  and  extensively  watered.  Tims, 
lipecimen  containing  originally  4.50  per  cent,  of  fat  may  be  watered 
very  considerably,  and  yet  show  3.75  per  cent,  by  the  lactoscope. 

By  combining  the  use  of  both  instruments,  however,  the  fallacies  of 
other  are  exposed.  A  normal  specific  gravity  shown  by  the  one  and  a 
Knnal  &t  content  revealed  by  the  other  will  indicate  that,  even  if  the 
■ilk  has  been  tampered  with,  it  yet  possesses  average  riehness.  A 
oortnal  specific  gravity  with  a  low  percentage  of  fat  will  indicate  skim- 
oiig  and  watering ;  low  specific  gravity  with  normal  or  low  fat,  watcr- 
■g;  and  high  specific  gravity  with  low  fat,  skimming.  Ixiw  specific 
ptvity  with  very  high  fat  will  indicate  unusual  richness ;  thus,  cream 
W  a  vCTy  low  specific  gravity,  due  to  it^  prepondenmce  of  fat.  As  a 
■at of  the  accuracy  of  this  process  of  examination,  the  author'  caused 
■n  be  analyzed  under  his  supervision  1.714  specimens  which  appeared 
bj  tboee  tests  to  be  of  good  quality,  and  of  this  number  but  8  were 
fcand  to  have  deviated  materially  from  the  statnte  reipiiremeni  of  13 
perccDt,  of  total  solicls. 

Datenmnation  of  Specific  Qravily. — In  taking  the  specific  gravity 
by  means  of  the  lactodensimeter,  the  milk  is  mixed  thoroughly,  in 
inler  to  insnre  homi^eneity,  by  pouring  from  one  vl's.-*c1  into  another; 
1  cylinder  of  sufficient  depth  to  allow  the  instrument  to  float  freely  is 
GDed  with  the  milk,  and  the  instrument  is  carefully  inserted,  not 
<)Mpped,  down  to  the  bottom,  and  then  released.  When  it  comes  to 
Wrt,  the  reading  of  the  stem  at  the  level  of  the  surface  of  the  liquid  is 
'TUrty-Gist  Anntttl  lEeport  of  the  InHpeclor  of  Milk,  BoBtuti,  I86tl,  p.  II. 
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nolcd.  It  .■•houl<)  !>(>  Ix>nie  in  luind  Ihat  nir  bubbles  are  retained  nitber 
teiiadouclv  bv  the  milk,  HutI  trmi  ft  lnwcr  ibt-  fk-ni'ilv,  utii),  tbenTuir, 
in  mixing  the  milk,  ton  violeut  nctiou  tumt  be  avoided,  and  a  short 
time  should  be  uIIuwhI  for  the  bubbW  prcwnt  to  me  to  Uir  surface 
and  esnipo, 

Itiri'siiiiioh  af  tliK  gmvily  varii's  with  ihc  i(rm]K*ranins  and  ibo  in><tni* 
ment  is  graduated   f'>r  'ill'    F..  either  the  milk  should   be  brought  tf 
that  te-m|»ei«mre,  nr  a  iiirrwtion  .ihiMild  in-  uiade  Miivird- 
Pm.  3,  iufi  ti)  the  deviiilioii  idwvt-  or  Imlow  that,  point.      If  tlie 

milk  i^  eolder,  the  readiug  will  be  too  liig]i,  ;uid,  if 
wanner,  too  low.  It  ii>  niwn-  wjuvenicnl  to  niuke  n  vor- 
rertiou  t'or  temi>ennniX'  tlmii  to  heat  or  cool  the  speei- 
IIII-I1  to  the  iiorniid  jhihiI.  TIji-  d(-ihi<'li<^'»  of  n  hiilf  de- 
jjrce  of  grrivity  for  esieh  live  ilejjree-  of  triiii>crature  below  M 
AH",- or  the  addition  of  the  name  nmounl  for  eoeli  four  ■ 
defjniw  above  59°,  will  be  found  to  be  upgiruxinintely 
aecuratf  rorreetions. 

DetenniltatiOQ  of  Fat. — Fur  tlie  ueeunile  iletcrtuimi- 
tion  of  fat,  several  nietlKxls  are  in  use,  iucluding  the 
liilliiwiiif; ; 

I.  The   Paper-coil  Bxtractlon   Method. — This   praooB 
rc'|uin-.->  r-li'iii!"  of  iljK'k  Hlt<-r-]Hijier,  i'lv  from  sub^tanceii 
Mijnl'le  in  elher  and  iih-iihol,  about  (i.'i'j  by  (J'2.5  em.,  and 
a  Soxhlcl  exirsietioii  iippiimtux.    The  moM  approved  form 
of  the  latter  com^i^tF^  of  thrt->e  trepMiiite  piei:^«  which  fit 
l<i|rcihiT  by  |n-miiid-pla.«8  joiiiL-«  (.-wt?  Fig.  A).     The  to]) 
and   bottom    pieces  are,  respectively,  an  upriuht   Licbig 
eolK^^■u^^•r  fliiil  a  fliLik.     The  middle  pieoe,  wliieh  U  the 
part  in  wliieh  the  txtraetion  pR«.t*s  iKfurs,  coiiMst:*  of  n  ■ 
glass  cylinder,  elow^  at  the  Imttom,  fmni  wliieh  a  nar-  ■ 
rower  eyiinder  willi  ojtfD  end  projtt-tn  downwiinl.      The 
two  evlijiders  are  eonneeted  hv  a  wide  tube  whieh  opens 
into   the  iippir  portion  of  eaeh,  and    iil^i    by  a  nijilton 
whieh  opeuH  from  the  t^Ide  of  the  bottom  of  the  large  ■ 
cylinder,  extends  iipwiirfl,  then  turns  ui>on  iti^^lf,  piere«t  ■ 
the  middle  part  of  the  wall   of  the  lower  cylinder,  aud 
terminates  within  and  Just  helow  its  lower  end. 

When  in  use,  the  substaner  to  be  exlnietwl  if  placed 
within  the  npper  eylinder,  upin  the  Intttom  of  wliieh  is 
pliiei-d  a  Willi  of  absorbent  eolton,  whieh  prevents  the 
entrance  of  solid  particles  to  the  siphon  tube,  or  it  ts  coii- 
finwl  within  a  eartndp-  of  ihiek  fdti'r-|iapiT  whieh  6ta 
loosely  within  the  cylinder.  When  the  eartridKe  u*  tuml, 
it  U  l>est  to  plug  its  open  end  with  absorbent  i'r>tton,  in  order  to  pre- 
vent the  tJKiape  of  fine  particlejf  of  the  eontiiined  subt-tanoe. 

The  three  »e]Kiratc  parU  are  joined  together  and  then  mounted  on  a 
water-bjith.  The  ciher  or  other  extraciinj;  nieibum  is  eontained  in  the 
flask,  the  exaet  weight  of  whicli  has  l)een  tietcrmined.    The  heat  of  the 
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wntrr-bath  cnui^c^  the  ctlicr  to  volutilixp.  un<l  the  vjijor  |MisKf*  iipwiii-d 

Ihroi^  the  »k)o  tub*'  into  the  exiniclor  and  ihflice  to  the  iiiiKieuwr, 

whi-r*-,  iiimiiig  in  imitnt'l  witJi  llic  ii>l<l  ^iirfhci-  nl'  lln;  iimi-r  I.uIh'  tlicrwif, 

U  cuiMltnrcs  and  fall;-  upon  the  i-ubht!in«?  to  be  extra<.-tc<l.    As  the  proc- 

e«>er>ii|iiiiir-s  thi-  i<(in(l<;n-^tl  liiftiiil  .-KvuniiitiiK^  niiil  ^nidnally  rifttw  iiniil 

it  nacbea  the  liend  of  the  f-iphoii.  whiih,  when  tiill.  bi^in^  to  net  and 

di-i.-lBii^?»  downward  into  the  Hitsk  inilil  the  entire  lifjuid  ift  retHmcd  i<i 

ib'^tnning-p'iint.     Diiririp  it:<  awumnhitiuii,  it  afi.-  iiiimi  t\w  ^nhj^tanpo 

nithin  llu-  (nliiidtT,  :uul  esiraetn  nioie  or  le.-w  of  the  fat  or  other  nnli- 

Tiatw,  AS  ihf  wi>*e  may  W;  whicli  l*  nirriiil  in  suliilioii    into  thf  (hi»k. 

Tlie  volatilicition  eontiniie-,  and  the  pro(?H«  is  rej>eated  a^.iiu  and  again 

ai\oag  ttit  l*  neiNW^trv,  uiiil   in   lliis  wny  the  whole  of  tlu'  exljin-tifl 

mtttr  ie  linaliy  within  the  Hupk,  !-in<-e.   Iicin^  itKulf  noti- volatile,    il 

imniim  hdiind,  wliik-  llic  liignid  hy  whieh  it  in  eximcted  ii^  .sent  eon- 
ttiiiiaily  on  its  crmnd.  On  thv  complL-tion  ni'  tin-  pnM^-vs,  the  (.-ilwr 
i»WOt  lip  agnin  into  th<>  i^'lindcr,  and  lielon-  it  reaehe«  the  level  of  the 
Bpboii  l(i«  flask  U  di)^joint(^<d.  The  rirnainint:  ether  i.i  ev|)e)l<^  «in- 
li«ii>)y,  and  tlie  tla.«k  wiili  it^  eonti-nli^  in  planeil  in  an  air-hath,  uiain- 
tsiiwd  ai  liKi"  C  :ind  diiti!  nntil  it"  wei;rl't  i*  oonslant.  The.  ineroa.-*!^ 
B  in  tlip  weight  of  the  tla.^k  re[tr(-senlK  the  amount  of  mutt^'r  <-xtrucTted. 
™  Id  tletvnniniag  the  liil  I'f  milk  hy  tlii.-  proci-S'*  thi'  meth<id  Ih  us  fol- 
W»;  To  one  of  the  strips  of  lilter-im|K'r,  ma<ie  into  n  eoil.  a  definite 

»wi'itflit  of  milk,  alionl  ii  grams,  is  upplin]  in  either  of  two  w-ays.  A 
wiall  bt-iiktT  i^ontiuninj;  a))otit  the  rtt|nired  Hintniiit  i^  wi'igLi'cI  and  then 
iht  toii  U  thnist  into  it,  krpt  there  until  iie«rly  the  whole  luis  hecn 
ibasrlM-)),  and  then  carefully  withilrawii  and  pineed  dry  edge  downiivani 
npwu  a  sheet  of  g]a^'.  The  lieakcr  is  then  weighed  agiiin,  and  the  low* 
io  weight,  wliidi  reim.'wenl"  the  atnoiinl  of  niilk  ahsorheil,  is  noteil  :  or 
till.'  liKiker  oaitainiiig  the  milk  and  a  small  pijiette  is  weighed,  and  then 
(iie  ueees-iarT,'  amount  of  milk  to  tnumfcrri'd  to  tho  coil  from  the  pipetto, 
xfhyr  wlik-li  o|>cr.itioii  the  weight  of  the  biiiker,  pijwtte,  and  the  remain- 
ing milk  is  i>o(>,>d,  and  the  diflVrenee  x-t  down  as  the  weight  nf  [lie 
milk  ittiMtrhiii.  The  tsiil  i*  then  dridi  in  an  air-hath  at  100"  C.  for  an 
hour  or  more,  at  the  expiration  of  whieh  time  it  is  ready  for  insertion 
ini*)  tin-  extnti'lor. 

AfttT  it  has  Seen  acted  ii|Jon  hy  the  ether  alxmt  a  (lojien  times,  the 

flvik  b)  detaehiH]  and  Irentiil  .is  nhnvc  mentioned.     ADer  iH-ing  ulkiu'ed 

to  (■'M>l,  the  weight  is  noted  and  tlie  percentage  of  fat  eidcuUted  urith- 

tnelieaUy. 

^h    KxAMPt.F:. — ^The  amount  of  milk  abMirbed  hy  the  coil  was  4.950 

^Tpsni*.    The  inerea.se  in  the  weight  of  ilie  A-.i^k  was  0,1 ":{  gram.    Then 

the  auoiini  of  fiit  presi.-rit   in   the  Njimple  i)<  i>hlnini.il  hv  llie  oi|n:ilion, 

mt.Sr,  :  (1,1  7;J  :  :  lOII  :  j-.  when^n  r  =  ;i.4!t. 

^V  2.  Tlie  WerncT-Schnudt  Method. — In  this  proeiws,  i^^nal  volnniw  of 
milk  will  hydroeblorio  acid,  about  100  ce.  of  eaeli,  are  mixed  in  a  teet- 
Inbe  and  bnil4>d  for  alKiut  a  niinnte  and  a  half,  or  he-.ited  on  h  water- 
batb  or  i(t4^im-bHth  until  the  misttin^'  U  >iiirk  brown  in  (!oh>r.  It  i« 
then  moled,  aod  the  mixnire  tduibeii  with  aO  oc.  of  ether.     When  the 
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two  liqiiitU  hnvc  M-pantUHl,  tho  i<ii]H^minnt  rtltcr  ty  wiilulni 
meoua  uf  a  pi|>etLe  or  blowD  out  with  the  ai^iirtance  uf  a  ttciub 
8ucb  an  U  iiMxl  ill  wa.->h-hiittl(«,  iho  doliwr)'  lulx'  extiiKliiif:  iiit<>  t 
ether  layer  vci')'  n«irly  ap  fur  ;«  tlie  lint-  of  ili-murcvtiuit  Ik-Iwwii 
othor  nnd  Uic-  acid  mixtiiri'..  Tin-  o]H.>rati<>ii  is  ivjieatMi  with  .-rt 
IH-^b  eiiiuIlLr  ]M<r(iuiiis  of  <^'tla-r,  uiul  lh<.-  wliulc  of  llic  Hhcr  umxI 
coUivIed  iu  a  weighed  fluHk.  Tlieii  the  ether  iis  distilled  off,  nml  tl 
fliLuk  with  it.-*  n.i>i<liiuiii  of  fiit  is  V^iunI  to  fviii.->timt  wui^it  in  tui 
Inith,  (Hiuled,  and  woi;fho<l.  The  proceM  iiuiy  Ix.'  f'liurtciiixl  ooii^'iilt-nlilj 
liv  tmilin^  tlx'  milk  in  ii  ^nidimrt'i)  iiilic  jind,  iiOt'i*  tli<in>ii^h  r>liiib 
with  etiivr,  ri'iiioviu^  mi  iili<|iiut  jnirt  uf  the  hitter  by  nieaii^  of  u  pipra 
and  e\'nporaiinff  to  dnnertn.  From  the  wtnjtlit  tif  thi»  residue,  Ih 
uinoiiiit  uf  liii  ill  till-  wliult'  voliiiiii'  ul"  utiicr  «m  rcndily  lie  dHt-niiiiirt 
Sintv  iht-  milk  tuUtfii  in  tneu^ureil,  and  not  wei^li^xl,  :i  iitrn-<Tti'iii  biu4 
b>'  nuuli'  for  j^ivily. 

ExAlll'Li:. — Arunuiit  of  nitlk  used  =  10  co.  8|>ecifie  (rravtiy  « 
(•pecimni  =  1.0:i2.  Weight  nf  Diilk  ti.-cd  =  1.0^2  x  10  ^  103 
gniniH.  Aniuimt  ol'  liit  toiitid  ^=  0,397  |n^m.  Porcentuffe  of  Gkt  in  di 
original  milk  =  j-  iu  the  ciiiiation,  10.:{2  :  (l.:J!17  :  :  100  :j- ;  j-  =  S.M 

■i.  Tbe  fiabcock  CentriAisftl  Method. — In  ilii^  pnn'O!',  (i|uiil  vulumi 
of  milk  and  .-uljihurii'  mid  iiiv  iiiisii'd  iu  tia^kf  of  !-]H'<-ial  dew^  "il 
uurruw,  f^i'dnutct)  ncrki^,  und  then  whirlod  in  ii  cvniriftifrtd  nmi'tiint' To 
a  de6uilf  length  of  time.  On  Ihccomidetiou  of  the  pr<K'e6(.,  the  delul 
of  wliidi  im-  ^ivt'ii  boliiw,  tlii'  tiit  in  ti  jiiire  t'otidititiii  in  within  ll 
grudiiali'd  itwk,  and  the  [n'rwiitape  i(i  rwid  directly  oil". 

The  kind  of  liii.>k  iisc«)  is  shown  in  I'Inte  III.  It  ha»  a  cn|«dhF'ii 
about  -10  cc.  The  gratltiated  purtioti  of  tlie  iK-ck  hiiK  n  npHcitv  of  3  0 
The  detiiiU  are  a»  follow;. :  1 7,(1  ee,  of  the  milk  are  nieaj-uretl  by  lurtl 
of  a  pi]>ette  and  intrfnlnee*!  into  the  Ha?k,  Then  uu  itjiinl  voluiiwU 
!«Mlplinric  iirid,  .»|Mi'irii'  (rnivity  1.800,  Li  added,  and  the  two  liqnid>Jil 
mixi-d  ihoroiiKhly  bv  fjc-ntle  rotary  motion.  TiiHi  tin-  thmk  i.-.  plaM 
in  a  nailrif  ugal  maeliine  made  especially  for  the  pur|K)«i-,  and  wbirll 
for  five  miniit<-M,  at  the  expiration  of  whieb  time  hot  WTater  Ih  tu3ded  i 
to  the  l>e(;inNiu(r  of  the  neek.  The  f\afk  u  whirksl  aKiiin  tor  t« 
miiiuti<s,  and  more  hot  water  >i^  u<ldf<l  io  as  to  liriu;;  the  fat  layer  '** 
tip  into  the  neek.  After  further  whirling  for  oue  minute,  IIk*  depth* 
the  liat  layer  is  ik-lemiinod  by  lyfun^net^  to  the  ^Lvile. 

This  pro(^-jw  pivc*  euHicieutly  a<'cur;ilc  n^iills  for  nil  pniHinil  pfl 
pot^ee,  and  is  in  eomnion  use  at  experimwit  stations  in  tlii;'  coimtiy. 
is  niiirb  ns^d  at  ereanK-ritw  (iir  (leU-miiiiiuf;  tlie  butter  value  of  mil* 
■cDt  in  from  tbe  f^urroimdiiif;  cauntn'. 

The  eniploynutnt  of  sulphuric  acid  having  a  hif2;her  Apeeifie  grav 
tluui  that  given,  Miy  1 .820,  ii^  objectionable  in  that  it  frcqneiitly  biip)^ 
tiait  it  is  im|Kissible  to  obtain  u  elear  liii  lay<-r.  The  fat  itself  may 
turned  a  very  dark  ixilor,  uikI  ibc  Migar  of  the  milk  may  Iw  attack 
to  Mieh  an  extent  tltat  eharred  potlium^  of  it  will  separate  and  acoum 
late  within  and  l>eueuth  tbe  oohininof  Iht,  and  so  pn^^'l1ll  o  tatiafiida 
raiding.     If  tlw  acid  uiwd  in  weaker  llian  1.800,  all  tlie  ea^ein  may  a 
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held  in  wilntion,  HncI  portiotiA  of  it  niiiy  mingle  witli  llio  l»l  imrl 
3atn>v  tlic  o«?iinii-y  of  tlif  test, 

III  I'laie  III.  L-*  ^hl1Wll  rtio  fal  \&\ct  iii  i!n>  .sti'ni  aj*  it  i^hmili]  Ik-,  free 
fnjcn  !ilk-ni[i<>D  nf  oulur  jiikI  I'mtii  charrifl  ^^ii^iir  juni  (wirtick'.-i  of  eiui'iii. 
It  will  be  obi*r\'e<]  thiit  the  line  of  deiimivalion  between  ilie  wall  r  and 
iV  fill  in  iIm!  Kiwii  in  vtry  .■•linrp.  F<)r  orwtm,  ii  fimik  with  a  iiiiich 
browkr  neck  is  emjiloya), 

14.  Tbo  Babcock  Aibcstox  Method. —  In  lhi.<  nu-thiu1.  tbt- diicil  lnUil 
B)li(Ls  iibtiined  by  tlie  nit  ttntl  ilp-itriboJ  below  (Xo.  '1)  jire  extraclHl  iu 
iSixblc-t  oxLni(^tii>n  aiiparalii.". 
Determination  of  Total  Solidft. — i.  Wt^igb  iutu  n  iI»t-lK>ttoincd 
jilHiiiiiiiii  •li.'>li  of  alHiiit  2  iuohes  (.5  era.)  diameter,  o  ^raois  of  milk. 
Plan-  on  a  wuier-ltfith  lor  an  hour  iind  »  Imli".  Kcmovc  lo  ;i  liol-iiir 
hsili,  maii)taiQ»i  at   100°  C,  until  iis  wi-if-bt  ii-  i-onstiinl.     Cool  in  a 

Ii]i^rn«)or  iiiul  woijrii.     Tbc  ditVercrux-  lK:tWM'»  tlii.i  weigbl  and  tiuii.  of 
tlwilie-lt  alone  repre»«nt»>  tbo  total  Militb  of  (be  iiniouni  of  milk  taken, 
anil,  multiplied  by  2(1,  ■■xjiri.-wi's  tin-  jwrivntiige  of  total  si>lid.-*  in  tJie 
HUDple.      is  for  any  rta^fHi  it  is  dt^«ii"e<l  to  nw  tbc  totiil   wilifU   fur  cx- 
tnction  in  the  Soxblet  ii{ijiaraCuA,  tln'  cli^h  may  bo  |>artly  liliwl  before 
wti(lliinK  witii  fine,  cU^tn,  dry  siind,  or  wilb    iViwhly    i^rriitt-il    ^^'lHllly 
lulwtos.     One  objection  to  the  iiiw  of  the  total  Milidii  in  tbint  way  in 
that  it  ]»  extn-nicly  (iidiciilt  lo  n-nuivt^  tbo  whole  lunimnt  fiinii  the  tlish, 
in  tlie  sidcQ  and  bottom  of  wbieb  a  portion  will  adhere  witli  ^reat  ten- 
nriiy,  and  can  be  rv-inoved  only  by  burninj;.     To  obviate  thi."  difli- 
I  fiUty,  Dr.  C.  L.  Spaukling  Ikw  supgc-te^I  lining  the  platiniini  dinh  with 
|»*ry  thin  tinfnil,  which,  atii-r  the  weight  of  flic  totjil  wilids  bac  Iwen 
liiotnl,  is  wilbdniwn  uHth  llie  ^^iind  or  iisbesto!^  an<l  with  it  ui3erte<l  into 
(the  exiraetion  a|>iifir;itns. 

Formerly,  tbc  rc^idnc  of  the  milk  dried  in  the  disk  alone  without 

1  or  Oflbostos  Wiia  iisetl  for  the  determi  rial  ion  of  fat  by  fhi'  Wiinklyn 

8,  which  con«i»tn  in  tilliiifi  the  ilisb  with  fifubly  ili)^lilled  napblba 

with  ether,  and  allowinjt;  it  to  act  upon  the  rei^idiie  »nd  di.-v<olve  nut 

he  &t,  several  jKirtions  being  n«-d,  at>er  w  hiili  the  tlinh  i.«  iIHmI  iipiin 

Fsnd  weiKhcil,  and  the  lo>^    In   wei^jbl    taken  a*  the  mea'inn^'  of  the  liit 

a>Dtaine<l.      luaiimueb  as  the  wlvent  eannol   penetnite  the  liorny  layer 

which  liirmn  on  the  Ixittoni  of  ihc  dish,  not  all  the  fat  can  thus  be  ex- 

tmctcd,  and  the  figures  obtained  are  ordinarily  about  O.o  too  low. 

2.  Tbe  Bibcock  AitbertoK  Method. — In  lliU  iuim-c-ch,  llu'  milk  is 
wcipbed  into  a  cylin<ler  of  i>erl<inite>l  metal  or  into  a  filter- pa  per  ciirt- 
ridjje  tilled  loocely  with  fnwhly  ignited  wrmlly  ii.«lx'.'»Ios,  wibjt-cti-d  ft  ii 
Irjn{ienitiirc  of  I0f)°  C  nnlil  the  weight  is  constant,  and  then  cooled 
and  weighed.  The  gain  in  weight  repriweiilo  tbe  total  !«i>lid>  of  the 
umount  of  milk  taken.  The  eylinder  m:iy  then  be  «lip{)i'd  into  the 
extr^iction  apparatus  and  u^^  for  the  detenniiiation  of  tat. 

Detennlaatlon  of  Total  Solids  by  ronnola. — Kjiowing  the  correct 

cific  gravity  an<l  the  anioiiiit  of  (at,  it  i»  jwasible  to  determiite  litirly 

tirately  the  amount   of    loliil    m'YmU  by  the  mm:  of  tbe  formulii  of 

Ichner  nud   Kichnioud.     This  formula  is  as  foUowti:  i^=  0.859  T 


m 
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—  0.2188  (3,  in  wliieh  F  rqiresentfi  fat,  T  the  total  foliAs,  and  G  the 
fipin-s  iif  till"  -»(>ti-tf'n.'  finivifv  lu'Vimd  llii-  fiivi  (lii'tnm)  |>!jmv. 

KxAMiM-K, — The  f|R-cific  gravity  of  ii  *|ic{'inK-u  of  milk  is  fnniHl  la 
be  1 .0'H\  uikI  iu*  tiil  tHiiitt^iil  .'{.OA.  Then  applying  tlie  formula,  wc 
Liive 


S.9S 
3.BS 
aM9  r=T«..').W 


=  0.859  T  — (0.81  SB  X  80).  or 
=  O.B.^S  3"  —  B.3.i!>i.  or 


-K.%=lU..»S,aniI  r--=ri23. 


I 


In  other  words,  multiply  O.'JI^U  by  the  figures  expressing  Bpecifio 
gTHvity,  add  the  iK-ifi-iiliig^-  nf  fiit  lo  the  [ii-iidiiH,  miiiI  divide  tin-  hmiU 
by  n.S.jJi. 

Tilt-  fiirniiiln  may  aW  be  u,'*«l  to  dwomiiiM-  the  i>er«'nlajre  of  fM, 
the  j-iK-cilic  gnivity  aii<l  mud   MtliiU  Winp  known. 

Detennination  of  Milk  Sugar. — ^TIk-  amount  nf  lartose  may  be 
determined  eitlier  elienii<-jdly  <>v  liy   irniin>-  of  l!ie  piil:irirH'iij(e. 

1.  Method  by  Febllng  Solution. — Itciigents  reipiiretl:  Sohition  A. 
Dissolve  IJ-l.'vtSt  [;niiii>  "!'  pure  Milpli.-ile  of  eopiH-r  in  dint.ilhi)  wntpr 
and  <lilu(e  to  n  liter.  Solution  B.  PirMtotve  173  fn^ui«  of  potat^ium 
Mxliiim  uirlrate  (ItiK'helle  sdt)  in  distilli-d  water,  add  100  oo.  af  saxiiiiiu 
hydnte  fioliition  of  1.3!iS  Bpeeitic  gravity,  imd  dilute  the  mixture  with 
disiill«l  waler  tn  a  liter. 

In  ninktng  n  determination,  10  ec.  oi'  «ioh  wiliition  nrc  mixv<l  in  a 
lxiiltii(r  fla..*k  nf  about  .'tOO  ac.  capacity.  The  amount  of  copper  oon- 
taineti  in  10  ee.  of  MiKition  A  requirii-  for  ib^  ivduelimi  0.050  gnun 
of  de.vtroft?,  or  n.Ofili?  griim  of  laeloM-. 

PufMFXS. — Into  a  porcelain  ev;i)i()nitiug  dif<h  fd'  tuiilidde  mw,  dis- 
chiirgc  from  a  pipetle  25  oi-.  of  milk.  Add  three  or  four  times  as  mueh 
water  and  heat  to  40°  C.  Add  acetic  noid,  ii  drtip  at  a  time,  with  non-  ■ 
stimT  .ilirTinji.  until  the  mixture  i^parateii  into  curds  and  n  fiiirly  clear 
whev.  Trjn>-fer  the  whole  to  u  gniduiitiil  'lOO  er,  flai^k,  and  dilute  with 
waliT  to  (he  I'lOO  mark.  Filter  a  [wrlion  tluiiugli  a  dry  filler,  and  \im.- 
the  filtrate  for  titration.  Oihite  the  mixed  r<a(!;entfi  in  the  boiling  f):isk 
with  water  antl  Ixiil  over  a  Bunwu  flamt.  From  a  biiretfv  ^i<hmted  in  ■ 
tenths  a<ld  ihe  llUnil.-  fmiii  the  eunb"  a  litlle  at  a  time,  and  eontimte  the 
boiling  after  each  addition.  Ac  the  blue  iitlur  b(^iii>  tn  apjH-ar  faint, 
the  atidiiiou  should  be  made  eautioii.-ly,  in  order  not  t(>  over>^Iep  the 
end  reaction.  \»  WMtu  as  the  blue  color  i»  di.-charged  uompletclj",  notej 
the  reading  of  the  burette. 

Tile  ralcninticin  is  exej-cdingly  simple,    ."sino-  O.OOti?  gram  of  lactoMi' 
is  nxjuiri'd  to   re<iuee  the  e'i))per  in   the  reiipnt,  it  f'dhiws  thai  thai 
at  of  ihi-  ,-<utwtim<H'  if  contained  in  the  numlx-r  of  ce.  of  the  whey 
and  the  percentage  is  obtained  by  the  H|ipli<^iti(>n  of  the  nile  uf 
three. 

Ex  AMT-I.B. — ^Tlic  color  in  diwharpiil  by  2-1.-1  ee.  of  the  diluted  whey. 
Tlien  in  the  whole  amount  of  milk  taken  the  amount  of  siipir  will  bi' 
:c  in  Ihe  e«iuiili<in  SJ.S  :  0.0*ifi7  :  :  ftOD  :  J.  3-  =  l.:t72.  The  amount 
of  milk  taken  was  25  ec,,  hence  tn  100  cc.  the  amount  would  be  6.49, 
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awl  this  amouiit  divkUtl  by  tli«  j'pM-ific  gTa\-ity  givw  tha  p^ rccitlajire  by 

I  wrigUt.  Siipi>o^iiig  the  Miieratii'  (iraviiv  to  In-  l.lKtO,  fur  ■^'xiirii[tl<-,  tin; 
101}  w.  iif  milk  wi'ifjh  UW!  (jranw.  and  tlif  iRTCtiitfifn-  nl'  suj,-,Lr  will  l>e 
1  in  the  «iimliou  loy  :  lOU  ;  :  o,4!l  ix.  .r  =  5. XI,  Iiui.-vtiiiii-h  a-  llift 
mam  «f  tin-  lirwl  it^iiiition  un-  ii'iWnTit.*,  tlif  rwkoniii}.'  rwiilvt*  it;^^■l^ 
bludividit^  fiiiir  times  their  pi-oJuct,  ^{■'t.lt*'),  nv  V^'AA  by  the  number 
iif  tv.  iimhI,  and  dividing  tliis  niKtdt  by  tliv  Hjimtur  gniviiy  nf  ilic 

L  nccinien. 

r  '  2.  Method  oT  Polftiijicopy. — Th<;  di-t<-rniiiiHtiiin  of  lat^one  and  other 
fOpTf  by  mean^  of  the  polarifcope  t-omhintw  tilt-  ad\anlHp:»  xsf  uwu- 
raiT  antl  of  rapidity.  'I'lie  iiiMinimenls  in  ciimnion  use  are  of  two 
kiwU:  tl>ttM>  of  which  the  nurnnd  sncnw  \v('inht,  lliiit  ix  to  say,  iJie 
Bmounl  of  siicDHe  wliicli,  di^4»lv»l  in  watiT  and  made  np  to  100  cc, 
willxliow  lOO  di^n^^^"^  "fi  tbf  -will'  whtrii  ulwcrvHl  ilimitgb  ii  200  mm. 
tube,  is  26.048  grams,  and  lln>«;  in  which  it  i;^  Itl.lS*  gnimi;.  Of  the 
fiMHier,  the  V<;nty.iti*-Sclii-ibk-r  and  tlie  Schmidt  aijd  HaenttcJi  modilica- 
liiin,autl  of  tlie  latter  the  Laui-ent  Ed Mti-u merit,  may  ln'  nf?inl»l  as 
,Thf  S<'hmidt  and  l[iieii^i-li  trijili-  tielil,  half-o-bndnw  inr'tniiuent 
the  iidvaiilap?  of  doing  away  with  ihc  iniililiin^  of  colors, 
whI  henoo  may  be  tiM-d  by  tho'^^  who  are  color-blind,  and  e\en  ivith 
(hwf  not  so  alHictL-d  (fives,  on  the  wiioli-.  the  nioit  ^itinfiiclon.-  nwiilts. 
Piux-E»«. — Into  a  fla.'ik  jtradnated  on  the  neek  at  W1X>  ee.  if  the  iu- 
ftrauiMiI  nsc-tl  i*  one  of  whitth  Ihc  iiu'm-i-  ni.rnial  wcijiht  \!<  2fi.U4fl 
piuu^  weij;h  lifi.Ho  grams  of  milk,  or  into  one  gnidiiatfxl  at  101. iJ  c*;., 
if  il  i*  one  of  tin-  other  cla«*,  weipli  -Ifl.Jtfl  frruni*,  mid  t  t-e.  of  solu- 
tion i>f  mercuric  nitrate  of  ])hamiaco]xrial  tttren^th,  xhake  well,  and 
diluK-  ntlli  wali-r  np  to  the  mark.  Kilter  fbnintrh  a  dry  riller-|ui(Kr, 
(ill  the  2o()  mm,  obi-ervation  lulie.  .in<l  note  tlie  i-eailing  of  the  ^eale 
wb*n  tin-  field  of  (ibsi-rvnttoii  in  nniforin.  The  ri'afling  divided  by  2 
«q(ia|]'  the  pereeutaije  hy  wcif-ht  oi'  hictwo. 

The  weights  (>ri,!).i  and  40,!i1)  represiiit  twieo  the  normal  laetmie 
wfqrhLi  uf  ihe  re^iHTtive  \y\wit  of  instnitnent^'.  The  gi'!idnalion>  102. ft 
and  K'l.tJ  ai¥  atIopte<I  instead  of  100  ec,  since  the  dried  pi\'ci])ital«l 
eunli  fnmi  tin-  ii»|H*i'livi-  ainoiiTitt'  of  milk  of  avem^e  siNX'ific  gravity 

tttVc  It  bulk  cpial  to  the  excess  over  lOO  cc. 

■     Determinatioii  of  Ash. — The  ash  may  he  d(>tcrmine<l  by  i^nitin^ 
ikr  rf^idnc  obiaint^^l  in  the  determination  of  tond  solid",  providetl  no 
ntber  stih-tanci*  has  l>et-n  intwMhieiHl  into  the  di4i  Miih  ihi-  milk.     The 
ition  shiMihl  be  coDdnelcd  at  a  low  red  heat  luilil  (he  :ish  is  [>erfe<'lly 
l»it«.   Then  the  dish  is  eooled  in  a  deniwator  and  again  weighed.    Tlie 
iffereure  lietwwn  this  liinil  weight  and  iIk*  original  weight  of  the  empty 
tlMi  r«-pre!>ents  the  amonnt  of  miner.d  matter  in  the  amotinl  of  milk 
taken.     <>r  a  lai-ger  amonnt  of  milk,  s,ay  20  gianis,  may  be  evajwraied 
witli  a  fitw  cv,  of  nitric  iwid  and  the  re.-iduc  tgidteil  iis  above. 

Determination  of  Proteida. — Having  determined  the  total  mlidf, 

£it,  r>iig:ir,  and  iL-ih,  the  pmleidi*  nm\  Im.'  reekoiietl  hv  dit1'er«>iico — that 

hy  subtracting  tlie  sum  nf  the  liit,  sugar,  and  ash  from  tlie  total 

sntids,  or  tlwy  may  be  dcu-nnimtl  ilin-i'tly  hy  the  Kji-klahl  pixxip-tt, 
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w)ii(-li  (l<-|H>n(U  upon  Uic  ooiivetviun  of  the  nitrOKmotii!!  dmHct  into 
niDmohiiiiii  i^iilpbaip,  which  then  i^  tl<>ooRipnM'<l  bv  au  exccMi  of  Btrou); 
albtli,  amiiioiiiii  iH'ing  m-{  fni-.  TliU  i»  f)(]ti'llwl  bv  b*yit,  «iniUii?«"i 
with  tlip  ao(.-<.>m])anyti]f;  ^tteatn,  and  peceivod  in  add  ol"  knutrn  birenph. 

The  pmeesi  \n  a«  (inllowH :  Into  ii  Kj<>ldnh1  (lip-.itivc  tla-->k  InitiKbii-c 
;i  dfliitiU'  nx-iffhl.  -^ly  .'»  -jniint-  of  milk,  jilioiit  I',"  ktudi  of  mercuric 
oxide,  aJid  *iO  cc,  of  riilphuric  mid  iif  1.S40  .-jnH-itir  gravity,  fnv  fmiii 
iittraK?*  iind  uiiiiriiinriiiii  itiilphiilc.  I'Uicc  (he  tl:iTik  in  un  im'1iiio«l  \¥»*\' 
lion  and  heat  below  ihe  boiliag-iwint  of  the  aeid  for  from  five  lo  fifteeu 
minute!*,  or  iinlil  frolhiiiijcctu'cK.  Thc-ii  niLo;  the  hi^tit  until  ib<-  mixture 
UuiucM  to  boiling.  ui)d  contiuiie  [be  proceiis  until  the  lii]iiid  ia  clenr  and 
ba-s  a  very  jwle  .-•Iraw  oiilor.  Thii  will  ni|ntn-  onliiuu-ily  \vw-  tbnii  im 
hour.  Withdmw  the  lui]i|i,  and  dmp  in,  in  ^^mall  qiuintiticfi  at  a  tiiiie, 
permanganate  of  ]K)lasNium,  nntil,  affi^r  Miakiii];,  the  liquid  aiM^giiires  a  ■ 
[H-i-iuanent  grceii  iir  ])nrp]c  w>lor.  This  adilititni  L»  not  alwjivi'  or  even 
usually  necessary  to  s^mi'UI*  i<iraplet<>  oxidation,  but  since  it  i"  sometimes 
rcijiiin^l,  it  !.■«  W-xl  lo  miik^'  it  n  ixirt  of  the  roritine.  Allow  ibc  liiutcntii 
lo  cool,  imd  ihtii  transfer  ihein  with  about  UOO  cc,  of  distilled  water, 
pluH  »iil)ieient  for  thorough  riuHiii]^  tu  a  distilling  flask  of  ntxxit  5'%0  c«. 
(upueity,  fittvtl  M-itb  a  rubber  stopper  and  a  bulb  tube  eoniicetcd  willi  a 
very  loujt  Liebig  CDiidcnM-r,  tin-  dclivwy  t-nil  of  which  is  filKd  with  a 
rittss  nil))'  hcnl  at  ri<;bt  sniplc*;,  w  that  it  may  dip  beriwitti  tbo  »urfarr 
iSf  the  aeid  into  which  the  diatillattH  lh  lo  be  received.  Add  a  few  pieces 
of  pumiec  or  j^niilnled  xine,  or  nlxiut  0.-5  gram  of  xinc  diu>t,  to  prv- 
vcnt  bum|>ii));,  and  2o  cc.  of  a  -I  [x-r  tvnt.  arpuvintt  !«oIulion  of  sul^ditde 
of  ]i(>ta<'ium,  to  prc^■cnt  the  formation  of  iftmiKiund"  of  anniH>aiiitii 
und  mcroury,  wbicb  an>  not  wliolly  dewmiKi."ul)le  by  alkalies.  .Shake, 
and  tlien  add  of  a  »iluratLd  foluUoii  uf  :<iKliuni  hydratt^,  fnv  fixuii 
nitjntM.  sufficient  to  make  the  reaction  stronfily  alkuline,  pouring  tt 
down  the  side  of  the  Rusk  jhi  iv*  not  to  mix  «t  oiioc  with  the  aeid  oun- 
K'ntu,  Next  iimneet  the  tl;i*k  with  the  comicn«'r,  uiLx  the  eonteiitif  by 
jfcntiy  rvtatinj;,  and  apply  the  flame.  Distil,  and  R-ceive  tlip  di^iillale 
in  n  vessel  contaming  -iO  ex-,  of  lieeinorma!  liulphurie  »ci<l.  Whni  alniut 
I"')  VK.  have  pn.'^Mil  ovor,  it  may  be  assumed  that  all  ammonia  has  be^n 
expelled,  and  then  the  distillate  i*  tilrat"!  with  dci-inonmd  alkali,  u.^ing 
txichiiit-al  or  melhv  I -orange  a.*  an  indicator.  From  the  difl'erencc  in 
strength  of  the  ilerimirmal  ncid,  ihc  lurionnt  of  unimonia  is  catcuUited, 
and  fi'oni  this  the  amount  of  uJtrogcD;  and  ibis  multiplied  by  6.25 
givc«  (he  totdl  protcids. 

Detection  of  Added  Coloring  Matters. — Aniutto. — T»  about  loo 

«■-  of  milk  in  ii  cylimicr  iilmiit  l..'t  in(■llc^  in  diamitcr.  add  a  few  ee,  of 
sodium  carbonate  xoluiion,  to  injure  a  strongly  Hlknlim-  rxaction  during 
the  examination,  and  then  introduce  a  strip  of  heavy  wlute  liIUr-|m|>er 
alwut  0.5  by  5.->  inches,  and  jvt  the  whok-  avmy  in  a  ilark  place  over 
night.  If  any  aniiatto  color  it  prrweut,  it  will,  through  Me»rlive 
nlhnity,  jms.-  from  the  milk  to  tin-  fibre  of  the  paper,  which  thereby 
ne<|»ire.-  a  Kdmon  tint,  the  depth  of  which  i*  <le|K'ndent  nalumUy  U)>on 
the  amount  of  tJ»e  substance  present.    The  strip  is  wilbdniwu  from  the 


A     SiPip  ot  rm»r  PBp»r  Dyad  by  Immanion  In  Mtik  Ciito««4  wtih  Annnit«. 
8.    Sam*  afiar  TiMitmant  with  Soluilon  or  PFOMchlorM*  of  Tin. 
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milk,  washed  gently  in  running  water,  aod  laid  upon  a  piece  of  paper 
of  the  same  kind  as  itself.  If  so  much  aa  1  part  of  the  anoatto  solu- 
lioQ  in  100,000  is  present,  the  strip  will  show  a  distinct  salmon  tint. 
Od  dipping  the  strip  into  stannous  chloride  solution  the  color  is 
cliainp'd  to  pink. 

Another  method,  by  means  of  which  all  the  color  in  the  amount  of 
milk  operated  upon  may  be  concentrated  tu  a  form  best  adapted  for 
jHMen'ation  and  for  exhibits  in  court,  is  as  follows :  Coagulate  from 
1110  to  150  cc  of  the  specimen  by  the  application  of  heat  and  acetic 
aekl,  ami  separate  the  coagulum  by  straining  through  a  piece  of  cheese- 
fluth.  The  coloring  mutter,  being  insoluble  in  acid  media,  is  preeipi- 
taitd  with  the  cunl,  which,  however,  will  show  to  the  eye  scarcely  any 
indication  of  its  presence.  The  curd  is  placed  in  a  mortar  and  tritu- 
rated with  50-75  cc.  of  ether,  which  next  is  transferred  to  a  stoppered 
separating  funnel  and  shaken  with  10  cc.  of  a  1  per  cent,  solution  of 
Mu-tic  soda.  When  the  two  liquids  become  sop;iratc<I,  the  latter, 
whidi  now  contains  the  annatto  color,  is  drawn  oif  into  two  porcelain 
or  gkss  dishes  about  an  inch  in  diameter,  in  aich  of  which  a  disk 
of  fiiter-paper  is  placed.  They  are  then  set  aside  in  the  dark  and 
left  over  night.  The  disks  are  then  removed  and  washed  in  fresh 
wter.  If  annatto  is  present,  they  will  have  acquired  a  color  varjing  in 
Hepth  according  to  the  amount  of  the  dye  in  the  sample.  One  disk  is 
inmersed  in  stannous  chloride  solution,  the  other  in  weyk  sodium  car- 
bonate, and  then  dried  and  mounted  on  a  white  card.  The  colors 
ji«l(l(d  by  a  specimen  of  milk  to  which  no  unusual  amount  of  the 
tdalterant  has  been  added  are  shown  in  Plate  IV, 

Cinunel. — Pour  125  to  250  cc.  of  the  suspected  sample  into  an  equal 
Tolume  of  95  per  cent,  alcohol,  and  filter.  The  filtrate,  if  not  perfectly 
dor,  should  be  returned  and  passed  through  until  it  is  quite  free  from 
tnttiiditr.  Any  caramel  present  will  be  in  solution  in  the  alcoholic 
titrate,  and  may  modify-  considerably  its  color,  which  normally  is 
.^Inwish  or  greenish  according  to  sea.son,  the  latter  obtaining  in  spring 
"i^'Ummer,  To  100  cc.  of  the  filtrate  add  2  cc.  of  solution  of  basic 
"Mate  of  lead,  which  will  precipitate  the  caramel  together  with  any 
"naining  proteid-s,  the  precipitate  showing  a  slight  brownish  color 
^  raratnel  has  been  used  in  sufficient  amount  to  bring  about  the 
Biiproved  appearance  which  is  the  object  of  its  employment.  Filter, 
'•iJiwith  distilled  water,  and  dry  in  an  air-bath.  According  as  the 
"■•"unt  of  caramel  present  is  lai^  or  small,  the  horny  residue  on  the 
'li*r-paper  will  have  a  more  or  less  deep  chocolate  tinge.  The  re-^idu*; 
jiHlilftl  \,y  a  pure  milk  will  bo  either  almost  colorless,  or  yellow,  or 
"iirlilly  inclined  to  brownish,  but  not  to  chocolatr  color.  The  iipitwir- 
""*  of  the  two  kinds  of  residue  is  shown  in  Plate  V. 

Caramel  may  also  be  shown  if  wc  proceed  according  to  the  second 
■nniiod  described  for  the  detection  of  annatto.  The  cunl,  after  Ix-iiig 
^from  the  whey  and  triturated  with  ether,  gives  up  to  this  solvent 
"nly  fat  and  annatto.  If  caramel  or  anilins  are  present,  the  curd  will 
f^iear  brownish  in  the  one  case  and  more  or  less  intensely  yellow  in 
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the  other.  If  the  curd  is  now  elmkon  wltli  hydrodilorip  at'tJ,  ^H 
(if  the  following  fliaiip>s  will  !»■  ol)!»>-rvMl :  tf  niiiliii-omn^  is  \tKsaSf 
thv  rotor  1hx-ouh'.>  liri^lit  pink  aiImo«t  iniinc(li:iU'}y  ;  with  airouic)  it 
beoiinipfe  gnitiiiallj"  brownish  hhie ;  if  neither  is  present,  the  ciianp-  is 
t'l  lihic. 

AniLin-oiaa^e. — .See  ])re<*ding  ]Miragrai>h,  A  tnore  direct  mt-tlwd  U 
jimiMisiil  liv  LyiligiH-.'  Fliiei-  l'>  n:  of  milk  in  ii  [Mim-liiiti  tliHh  and 
iidii  iilwmt  the  winic  volume  of  hvilroehlorie  :icid  (^jwi-ific  KTsivitj-  l.IiWl). 
Aplate  j^nllv,  lo  bring  abuut  ihimnijjh  mi\in>.'  and  to  break  n|i  the 
rc-Miltinfr  i-im!  into  mlhi-r  enurn'  bimp!^.  If  anilin-orHnjjt  U  [irwtut, 
the  ciini  will  be  colored  piak ;  if  none  is  present,  it  will  be  white  or' 
vol  low  is  b. 

Detection  of  Preservatives. — Bora*  and  Boric  Add.—  Tlicse  eub- 
stain'iw  arc  ili-lii-tt-d  >n.-i!y  I'ilhi-r  in  tin-  milk  itM-lf  or  in  the  ash  afti^ 
iRiiitiou  of  the  TL'sidiif.  In  the  latter  ease,  muiMteu  the  ash  with  a 
drop  or  two  of  strong  ftiilphuric  aeid,  and  aiWr  a  few  minutes  add  3  w 
4  tv.  of  ctronj;  aleoliol.  Uiii  a  .»trip  of  tnrmerip  |wiikt  into  the  nilxl- 
ure  and  allow  it  to  dr\-  without  the  aid  of  beat.  In  the  presence  of 
citbei'  of  the  MjlhitiiiKi-s  srjtighl  for,  the  imjicr  will  biivo,  when  <lry,  the 
characteristic  red  eolur  due  to  boric  acid,  iiistend  of  tlie  yellow  pwlor 
wliioli  will  be  maintained  in  itt*  HhiS4>noeL  While  the  pn^ier  is  drying, 
pluLv  the  diiih  in  a  chirk  place  and  ifrnilc  ll'c  ronttiitn^il  iiU^)hol.  If 
btme  aeid  or  its  sixiiiun  (■oiiipimiul  is  pi-est-nl,  tbi-  flame  will  show  at 
itj«  nnter  wljie  a  cliaractvristic  nrwni.-ih  mlonitioii.  Thin  »  shown  mmt 
strongly  ilircetly  alWr  the  al»)hol  is  igniteil. 

lu  the  orlgimil  milk,  the  teet  may  Ik-  niude  in  iho  following  manner: 
Mix  a  few  drops  of  ilu*  milk  and  an  oiju-.U  amount  of  fresh  tincture 
of  Innneric  in  u  i^mall  porcelain  iliKli  :]m<1  (-vapniiit^-  on  a  waier'lmlli  to 
dryness.  Moisten  the  suriinf  of  the  residue  with  dilute  hydrtxrhloric 
acid,  and  ilry  a^iln.  If  either  of  iJie  subMunit-s  is  present,  tlie  n-siduu 
will  be  tight  pink  to  dark  re<l  in  color,  and  the  udtiilion  of  a  tirop  of 
amntonia-^^'ali'r  will  ehanp-  this  to  a  green  or  greenish  blue,  according 
lo  the  amount  of  tin-  pivserv:ttivc  pn.'*ctil. 

SalicycUc  Acid. —  1.  Coagulate  aljoul  75  to  100  ce.  of  milk  with 
mt-i-curic  nitrate  solnllon  or  bydrocldorie  acid,  and  s(')HUUlt'  the  whey  _ 
by  liltratiou.  Shake  the  whey  with  ether,  <Iecaiit  the  ether  \aU>  a  H 
wftteh-glass,  and  allow  il  i<i  i-vapomte.  To  tin-  i-csidne  on  the  iratcli- 
ghu^*.  apply  a  drop  of  neiUnil  ferric  cldoride.  If  «Rdifylie  acid  i.»  prw*- 
eni,  the  eharaeterisfic  piir])le  coloration  is  prodnei-d.  2.  Mix  the  milk 
with  plKispboric  iirid  and  stmin  tlimu^ti  cloth.  I'biw  the  Ikjuid  in  it 
itbsk,  connect  with  a  conden^^'r.  and  distil.  Test  the  diMillale  with 
ferric  ehloritle  from  time  to  time.  Any  salio'lic  Hcid  present  will  go 
ovtT  with  ihc  sliani,  most  of  it  toward  the  ctnl  of  the  oiiemtion. 

Formaldehyde . — Many  pnMt~..»es  lor  llie  detection  "f  this  iiul]sfainc« 

in  milk  buve  been  deviled,  some  ex«-c-<lingly  simjile  and  olhei^  iiuilc 

fomplitvited.     Those  which  pve  the  best  restilti^  and  the  greatei't  imtj^- 

faction  are,  on  the  whide,  (hose  which  are  the  siinpli.-l  in  a)ipli(»tioti 

■  Rrpnrt  nf  Mumu-Jiiih.ii>  Siutc  ItiMrd  n(  Ucalifa  Tor  lUVU,  ji.  M7. 
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«>d  require  the  least  expenditure  of  time.  The  test  should  be  applied 
vithiD  a  few  days  after  the  addition  of  the  preservative,  since  after  a 
time  it  cannot  be  detected. 

1.  Method  by  DEcoix)RrzED  Fuchsine. — Through  a  solution  of 
liicfasine  1  :  000  paas  a  cun-cnt  uf  sulphurous  ncid  gas,  obtained  by 
lieitiDg  copper  wire  or  foil  with  sulphuric  ncid,  until  the  color  is  dis- 
durgfid.  Pre8er\'e  in  a  glass-stopi)eretl  bottle.  To  10  cc.  of  milk,  adii 
1  oc  of  the  reagent  and  let  stand  ten  minutes.  Add  2  cc.  of  strong 
hTdrochloric  acid  and  shake  or  stir  briskly.  The  color  which  apijoars 
in  the  first  instance  is  discharged  completely  by  the  acid  if  no  formal- 
dAyde  is  present ;  otherwise,  a  violet-blue  tinge  remains.  If  the  amount 
ftfseat  is  large,  the  end  color  will  be  corres|)ondingiy  intense.  This 
oeUiod  will  detect  the  admixture  of  1  part  of  formalin  in  50,000  of 
milk.  If  the  milk  be  distilled  first,  and  the  first  part  of  the  distillate 
tnatcd  with  fuchsine  solution,  the  test  is  delicate  to  the  extent  of  re- 
vealing 1  part  in  500,000. 

2.  Meh-hod  by  Phloroolucin. — Add  to  10  cc.  of  milk  in  a  teat- 
tobe  2  or  3  cc,  of  a  0.10  per  cent,  solution  of  pliiorogiuciu  and  5  to 
10  drops  of  a  1 0  per  cent,  solution  of  sodium  hydmte,  and  shake.  In  the 
pnsence  of  formaldehyde  a  gradual  red  coloration  appears ;  otherwise,  no 
nch  change  is  obser\-ed.  This  test  is  said  to  reveal  1  part  in  50,000, 
bnt  such  a  claim  appears,  according  to  the  experience  of  the  author  and 
(*here,  not  to  be  justified. 

3.  Method  by  Ferric  Chloride. — Mix  in  a  porcelain  dish  10 
«.«ich  of  milk  and  hydrochloric  acid  (specific  gravity  1.200)and  1  drop 
rfferric  chloride  solution.  Heat  and  stir  vigorously.  If  fonualdehyde 
^  been  guided,  a  violet  color  will  apjiear  l»efore  the  boiling-point  is 
Niched,  varying  in  intensity  according  to  the  amount  present.  This 
pfMess  is  exc^jngly  delicate,  and  will  detect  1  part  in  600,000  in 
Ihe  fresh  condition, 

1  Method  by  Commercial  Sulphuric  Acid. — This  te,*t  is  ex- 
wdingly  delicate  and  very  easily  applied.  It  cannot  be  jterformcd 
»ith  pure  sulphuric  acid,  since  the  presence  of  a  trace  of  iron  is  ncces- 
■fy.  If  one  desires  to  use  a  pure  acid  rather  than  the  ordinary  com- 
nnrial  grade,  the  addition  of  a  very  small  amount  of  ferric  chloride 
wll  be  sufficient. 

Take  about  15  to  20  cc.  of  milk  in  a  test-tube  and  jKiur  about  5  cc. 
of  the  acid  gently  down  the  side  so  that  it  shall  pass  under,  rather  than 
■u  with,  the  milk.  I^et  stand  a  few  minutes,  and  then  note  the  color 
It  the  junction  of  the  two  litjuids.  If  formalin  is  present,  even  in  the 
8Ji|;hteat  traces,  a  violet  colonition  ai>i>ciirs  at  the  line  of  junction.  In- 
vmnch  as  pure  milk  will  show  a  somewhat  purplish  color  when  in 
contact  with  strong  sulphuric  acid,  a  color  which  nuiy  readily  bo  luis- 
takcD  at  first  for  that  due  to  formaldehyde,  an<l  Miu-c  also  the  charring 
iat  occurs  at  the  line  of  junction  will  often  obscure  the  reaction,  the 
jmcesa  as  originally  recommended  is  somewhat  faulty.  The  "bjwticms 
II*  removed,  however,  by  diluting  the  strong  acid  with  water  so  that 
to  specific  gravity  is  reduced  from  1.840  to  1.700.     The  action  of  the 
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etrongeracid  on  pure  milk  is  shown  in  Plat«  VI.,  Fig.  1,  <vhich  nhnira 
llic  iliirk  i'iilt)r  line  Ui  olijirrinf!;  anil  llio  j)urplii>b  volor,  above  ispukcn  irf, 
due  tu  the  game  cause. 

In  Plate  VI.,  Fig.  2,  i*  «h(iwn  tho  >i|i]Hnimn<x-  of  the  line  urjuiictinu 
of  (Hire  milk  and  the  diluted  acid.  It  uHll  be  observed  that  die  color 
prtwhin^d  is  but  a  liiiiit  yi-lUiw.  In  I'lutf  VI.,  I'ijpi, :{  uud  4,  an- 
flu'wit  till-  »in(-N  ]in«iiiw<l  in  milk  cniitiiining  fnrninliftbydc  in  the  jir^t- 
pcinioiit-  of  I  part  to  25,(H)0  and  1  t^i  ')0,0(H)  bv  ihi'  il*o  of  the  dtliitnl 
a<!iil.  As  may  hv  iniV-rrciI,  the  raiction  i«  prwhiotnl  rallK-r  more  slowly 
with  the  weaker  ai'Id.  It  in  be»t  to  allow  the  i-oiitact  to  continue  at 
Iflasi  an  hour  In't'orc  noting  ii  m^tivi-  n.-.-<iilt, 

*).  Li'bbert's'  .Metiiohiiy  I*ot.v**ii;m.Sci,i'Hate. — Place ij  prams 
of  coarsely  powdered  jntassitini  sul)>liate  in  a  100  a:,  flatik  aiin  di»- 
tribiiti'  (ivCT  it  5  c«.  oi'  milk  by  mmn«  of  a  pijiettc  Then  pour  care- 
fully down  the  nlde  of  the  flack  1 0  cc.  of  .Holplmrto  acid  (spc'oitic  gravity 
1.810),  and  allow  the  whole  t'l  Htfiiid  igiiii-tly.  If  loriiiultlHiydc  h 
prevent,  a  vJolcl  col  unit  ion  of  the  potassium  sulphate  occurs  withii] 
a  low  minulei^,  and  gradniiUy  difriisc--*  throngh  the  entii't'  litpiid. 
If  none  i*  prewnt,  the  mixtiin>  will  at  once  ansiime  a  bniwn  color, 
whifh  rai>idly  changes  to  hiaok.  Tliis  ti^t  iw  .seni*ilii'e  to  ]  part  in 
250,000. 

Ohromates. — I'n>idovaus '  rectimniends  dissolving  the  nsh  of  about 
10  CI.',  of  milk  in  ii  li'w  dnijin  of  iviiler  it<'idiibit<.il  with  nitric-  acid  nud, 
after  neutralizing  with  ningiie^inn)  ctirboiiatc.  adding  a  few  dropii  of  test- 
solution  of  nitrate  of  nilver,  wberi'by  a  rcil  prn-ijiltitti-,  chriim«te  of 
silver,  is  formed.  As  a  control  test,  be  recoinniendB  taking  up  aiMilWr 
portion  of  i\i<ii  with  water  aeididati-d  with  snlphnrio  acid,  nnd  addii^ 
little  by  little  tincture  of  guaiaeuni.  In  the  pretence  of  ebroniato^ 
nn  intense  bine  color  ifc  produced,  which  disapix-nrs  ven-  qnickly.  Tliis 
|)^o(H^ss  will  di'tcet  1  |virt  in  .'>0,000.  Onerin''  claims  greater  delicacy 
for  the  following  method  :  To  .')  or  10  ec,  of  milk  add  '2  drope  of  a  I 
per  ifui.  solution  of  sulpluile  of  c-opper  and  2  or  3  drop;"  of  frtrsbly 
prcjKirdl  tinet.ni«  of  gnaiacum.  Pure  milk  gives  a  greenish  color,  while 
milk  containing  1  piirt  in  100,000  will  (jive  an  intcniH'  blue,  which 
riin'li'-'  il-  rti;i\innnii   in  a  few  liiiiiiil<-.s. 

Methods  of  Distin^ishing  between  Raw  and  Oooked  Milk. — ^To 
determine  whether  or  not  milk  has  l»een  wmkwl,  Oin^mo'  rewmmeniU 
pincing  a  few  tv,  of  the  "jKi-imcn  in  a  porcelain  dij*b,  adding  a  few 
drofM  of  not  too  old  oil  of  turpentine,  wanning  gently,  «nil  then  adding 
linctiin- of  guaiacimi.  If  the  milk  has  not  bceu  boiled,  a  blue  oolor 
iip|H-an«;  otlnTWLse.  it  docB  not, 

DuiKHiy*  givr.i  the  following  tpsts  : 

I,  Guaiacol.  Equal  voInTOc"  of  milk  and  a  1  per  cent,  solution  of 
guaincol  in  ^™lc^  an.'  mised  and  then  trcat^-d  with  hydrogen  ix'roxiJe. 

'  .Iniimn)  of  ihe  Aiucriran  ftiiiiikul  ikv'iny,  fv\-lvrahtf,  1901,  p,  (W2. 

*  Joiinwi  lie  Pli3rni]ii-iir  ft  de  (lirmic.  1^91),  p.  Ivlh 
K           »  Chcmiltpr  ZeiluiiK.  1HH7,1>.  17J. 
■           •  (■iiimnlr  iti  t-'nniuiciii  rti  Trit-lc,  WMi,  p.  3". 

*  Juutual  de  Phamincic  cl  ck  Clicuiit,  ISI'T.  p.  367. 
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IV  immediate  production  of  a  yellow  color  indicates  that  the  specimen 
\es  Dot  been  boiled. 

2.  Hj-dro<]uino«e.  Three  cc,  of  milk  are  mixed  with  1  cc.  of  a 
frwh  10  per  cent,  aqiieoua  solution  of  hydroquinone  aod  15  dnip^  of 
hyJn^n  peroxide.  If  the  milk  has  not  been  boiled,  a  rose  color  im- 
neilbtely  appears,  and  in  a  few  minutes  green  crystals  are  deposited. 

3.  Pyroeatechin.  Equal  volumes  of  raw  milk  and  an  aqueous  10 
per  cent,  solution  of  pyroeatechin  are  brought  together  ami  treated 
with  hydrogen  peroxide.  With  raw  milk  a  yeliowish-browo  color  is 
pniduced ;  with  boiled  milk  no  color  appears. 

4.  a-Naphthol.  Raw  milk  gives  with  an  aqueous  solution  of 
a-naphthol  and  hydrogen  peroxide  a  violet-blue  color.  Boiled  milk 
givw  none. 

Storeh's  method'  is  as  follows:  To  10  cc,  of  milk,  add  t  drop  of  a 
0.2  per  cent,  solution  of  hydrogen  peroxide  and  2  drops  of  a  2  per 
cent,  mlution  of  p-phenylenediarain  and  shake  violently.  If  the  milk 
has  not  been  heated  to  78°  C,  {172.4°  F.),  an  immediate  blue  color 
wi»  appear;  if  it  has  been  heated  to  80°  C.  (178°  F.),  the  bine  color 
appears  in  about  a  half  minute ;  and  if  it  has  been  heated  higher  than 
this,  the  bine  will  not  appear  at  all.  Sour  milk  should  be  neutralized 
with  lime-water.  Formaldehyde  prevents  the  change  to  blue,  but 
permits  the  occurrence  of  a  faint  red.  The  p-phenylenediamin  solution 
keeps,  in  dark  glass,  about  two  months. 

Bernstein  *  proposes  the  following :  To  50  cc.  of  milk,  add  4.5  cc. 
of  normal  acetic  acid,  shake  gently  until  copulation  occurs,  and  filter. 
Heat  the  filtrate.  If  the  miik  has  not  been  pasteurized,  a  heavy  pre- 
cipitate of  lactalburain  will  form.  The  higher  the  milk  has  been 
bested,  up  to  90°  C.  (194°  F,),  the  smaller  will  he  the  precipitate; 
ftnd  if  it  has  been  heated  beyond  this^  no  precipitate  at  all  will 
fitrin. 

Detection  of  Oelatiu  in  Oream. — For  the  detection  of  gelatin  in 
cream,  to  which  it  sometimes  ia  added  to  give  it  body,  Stokes*  recom- 
mendt^  the  following  procedure :  Dissolve  a  quantity  of  mercury  in 
twice  its  weight  of  strong  nitric  acid  (specific  gravity  1.420);  dilute 
with  water  to  25  times  its  bulk.  To  about  10  cc,  of  this  solution  add 
a  like  quantity  of  the  cream  and  about  20  cc.  of  cold  water.  Sbiike 
the  mixture  vigorously,  let  stand  for  five  minutes,  then  filter.  If 
much  gelatin  be  present,  it  will  be  impossible  to  get  a  elear  filtrate. 
To  the  filtrate,  or  to  a  portion  of  it,  add  an  equal  bulk  of  a  satumteil 
aquenu'4  solution  of  picric  acid.  If  gelatin  lie  present,  a  yellow  ])re- 
Hpitate  will  immediately  be  produced.  The  whole  operation  is  performed 
in  the  cold,  and  if  the  mercury  mlution  is  ready,  the  test  will  not  take 
more  tluin  ten  minutes.  Picric  acid  will  show  the  presence  of  I  part 
of  gelatin  in  10,000  [larts  of  water. 

'  Zeiinrhrift  fur  Fnterauchiinc  der  Nahruns*-  i">d  IrenuBsniiitel,  1901,  p.  898. 
■ZeiUchrif)  fiir  Fleiscb-  und  Milchbjgiene,  1900,  p.  60. 
■  Tlw  Anal^Bt,  December,  IS97. 
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BUTTER. 

This  vnliiable  milk  pro<][i<>t  in  iho  renult  nf  vinlent  iigitatinn  of  rnaia 
uutil  ite  flit  i.x«il(*(^'s  into  j^raiutbir  [nirtit'U*,  wliioh  an-  tbi-n  M-]nimtc(I 
fnnH  the  n'sidiial  bdtlermilk,  "  work«l"'  to  expel  a.-  much  of  the  latK^r 
iw  [Hiwible,  ami,  with  ur  witlnnil  llit-  mlditiuii  nf  «ilt  rthI  i'iil«riiifr  mat- 
ter, formed  uito  "  prints  "  *ir  '•  jtatji."  or  {lacketl  in  bulk  in  l>oxeB  ai»d 
tirkin.-*.      lu  nutiinil   citlor  vjiri(.'n  witli   the  miifitii,  llie  laM.'xIk'il  Jnna 
butter,  made  when  the  cowh  from  wliuw  milk  it  is  proiluce*!  are  feeding' 
na  jrniss,  iMiiig  lirij;lil  vi-llnw,  while  thai   niadr  wlu-ii  thej-  arc  :>inIUil, 
luid  fwl  on  hay  and  other  winter  Iwfl,  I>ciup  almuct  white.      Tlie  popu- 
lar deniaiid  being  for  a  jt'lKiw  artiele  the  yiwr  ronnd,  it  U  enMnnniryJ 
Ut  wciire  tlii(i  «i|iir  out  of  w.iwm  by  the  ailditi»n  of  aniiatto  and  othevj 
haruiWi  vegetable  ef.lnring  agents,  the  use  of  whieh  bas  almost  uniJ 
versjilly  the  Minelion  of  liiw.  ' 

The  fl;L\'or  is  inflnenetil  mueh  by  the  character  of  ibe  feed,  by  the 
■lire  e.xereii'i.sl  in  iiminifiielnre,  by  ibi.'  amniinl  of  tid<kil  Milt,  br  iigc, 
and  by  the  eonditioiis  of  t>toriige.  Like  milk,  il  abwirlw  odorj^  veiy 
ivadily,  Ixitb  tlionc  which  hripruve  nrid  lh<L-<<-  whieh  injjiair  its  lluvor. 
Taking  aihantapc  of  thij^  fact,  it  is  the  cuj^toiii  hi  ihc  valley  of  the  Var 
ami  in  some  otlu-T  liMJilitii-s  lo  jilaw  the  I'reslily  made  produet  in  jiros- 
imily  to  jsiKtriinc,  viuletj',  tuberose*,  and  other  llowerinj;  pliuit:<,  in  order 
thai  their  fi-agrnmi-  may  be  alisorbetl.  This  jirai-tiee  is  known  as 
"  enflourage."  The  mo»t  delictitely  fliivored  Imller  under  imtinid  enii. 
<lition»  i*  tb«t  lo  wlii<'h  no  nalt  has  Ix'en  addtd,  but  it  has  the  dUad^i 
vantage  that  within  a  sLoit  time  it  ai-fiiiiii*  a  "  cheesy  "  Hiivor,  due  to^ 
<leconi|)o:si(ion  |in«v.v«'--<.  Owing  to  its  laek  of  keeping  (|ualitic»  and 
to  ibe  very  geiiei-al  jirofereiiee  lor  a  nion-  |irinioinieed  ta?te,  the  nddi- 
tiiMi  of  mil  in  VMn'ing  amountt  in  the  rule.  Batter  of  good  (|tialitn 
ha^  but  flight  otior.  but  tlmt  whieh  bii-'  niiilergoue  the  eommon  elianjnW^ 
due  to  Imeti-rbl  action  lias  the  eharaeterif^lie  fwlor  and  taste  of  RiiM'tdity, 
This  is  dur  to  d<'(.iim|(i)sition  of  flic  ^alldl  aiiionni  of  curd  M'liieh  is  eii- 
tjiiglei)  in  the  making,  and  which  cannot  wholly  Ik?  cxcludwi.  The  fat 
itM-if,  wlicTi  M*})unitrd  fmtn  the  etinl  by  mdting,  kecpi>  unehanged  for 
long  jU'riods.  In  rancid  butter,  bufyric  and  utlier  ucidi'  arc  liberatwl, 
and  i>lhen*,  a>  fnrmie,  are  formwl  by  absoqrtion  of  oxygen,  lender 
some  unusual  condition"  not  wholly  imdcrstood,  butler,  utthciul  lK*nn 
iiig  raneid  in  the  Uf-nal  sense,  undergoes  a  change  to  u  perfectly  whi 
»ubj<t»ti(.v  with  a  niarkitl  tallowy  odor. 

Butter  variciii  eonsiderubly  in  eompo^itiun,  but  a  fair  avomge  mny 
i^tat<il  OK  follow>i : 


F«.  . 

Wnter 
Cunl  . 
SallN  . 
IjicIow 


84.00 

I-J.M 

1.00 

2.«> 

0.M 


It  may  W  maile  to  contain  a  nitieh  higher  percentage  of  water,  with 
corrtsjKJiKliiigly  less  fiit. 
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Tbf  Gkt  is  compo^  of  glj-i-eriilcn  of  two  groupn  of  fatty  acidi^,  wliii*h 
liiive  Will  ni(^'iitioiiv>l  in  tin-  <lc«-ri[>riiiii  of  milk.  Tlmw  of  i\k  iii- 
foliibli'  n on- vol.-) I  i If  acid)',  oleic,  stearic,  ami  |uiliiiilic.  (.^iii-ititiite  altoiil 
ViSi  p<-r  cttit,  I'i"  ihc  wIioIh;  iind  itmw  iif  tin-  .■«iliihli-  voliilik-  .iciiU, 
biilmc,  caproic,  caprylic,  and  ciipric,  make  up  tlic  rctnaimlcr.  It  is 
m  llie  .■^iiitd  ^iiip  iluit  Imtti-r  ovvfis  iin  dinlinetivt?  flavor. 

The  umouut  of  water  <kpciid»  larjjvly  upon  tlio  lli^ntii^rlincKS  with 
"liii'h  i\tf.  Imtu-rmilk  in  workcil  oiii,  Iti  order  that  more  water  may 
I*  held,  and  tlinx  a  (;i>«ler  pn>fil  niilixiil,  wmn-  niakiTs  eriiploy  )j;clalin 
at  an  anlnlicrant.  One  gram  of  this  f^iibstunce  will  take  up  about  10 
pva*  of  M-iiti^T,  ami,  wlii-ii  mixed  wirh  liutlitr  in  (Ik-  right  pro|Hir- 
lioii,  will  Inld  water  in  the  above  ratio  without  iitR-ctin;;  the  eo^»i^1cnce 
jcnti'lr.  Others  employ  ghicotie  both  for  this  purjHk<e  and  an  a 
.tivv. 

The  *»lt;«  inctmlo  thow-  nalnral  t<i  niilk  anil  ttiose  added  for  the  pi-e- 
ivnlinn  of  mpiti  d<.vi>iii|N)iiitii>ii.  Thu  n^iud  additimi  I>  <Hitnnioii  ^dl, 
bill  the  UHc  of  iHiric  acid  and  Imrnx  i^  extentlin;;  gnKliially. 

.A[Kir1.  fmni  iIm-  umc  of  pn-«iTv;ttivi\-  and  of  :i|rentH  lo  a^-i.st  in  relain- 
iiiK  water,  hotter  U  not  much  sidijeci  to  adnltcnition.  cxce|itinfj  in  thp 
ten*  lliitl  .4al>-<li[otion  of  an  arlii'h'  of  lev'*  valne  wben  butter  iw  adlwl 
tirinaform  »f  ndultenitioii.  This  KulHitnle  i^  known  vuriouslv  as 
mtificial  hotter,  bntlerine,  oloumaiiiiiririe,  and  m!ir;pinne.  Under  the 
Lnihil  Stnbw  .'<t:ttiil<r<,  all  bolK-r  or  Hidi:ttituli--i  llicivfor  made  to 
irwiable  it,  coaUiining  fiit^  other  than  crfiain,  •ihall  l>e  known  as  oleo- 
inat^'jirinc. 

Following  the  original  process,  olei)marg!iririe  is  niiidc  (nun  frtwh 
fcwf  nuel,  whicli,  after  iK'inj;  iHNdoil,  wjisliiil,  uiid  cut  into  ven'  fine 
JBCPW  by  machinery,  irt  ^nbjeetetl  to  a  teni|»eniture  of  alKiut  110°  K. 
liir«e\-pral  honrs,  in  order  to  i^[Kinitc  the  tar  from  the  tissue.  It  w 
tbentlrawn  .iff  ami  kept  for  a  time  at  SO"  to  W  F.,  at  which  U-m- 
pwatnn'  the  -iicurin  solidtfie.*,  mid  then  is  ^'pnralfHl  by  prcwurc  fnmi 
lhe"i>lci»-oil,"  The  laller  ts  eliririied  with  milk  or  with  milk  and  gcn- 
mm-  butter,  colore<l  with  annatto,  and  f.therwise  trcarcd  liitc  bntter. 
M  iIm'  present  time,  olcomaiyiiriiie  i*  made  not  alooe  from  lieef  ^oct, 
Wlo  a  much  ^r«it*'r  extent  from  "  neutiid  lai-d,"  a  pnxluel  of  leaf 
lani.  f'i)iton-seed  oil  is  used  to  some  extent,  but  natnrtdly  it  is  not  so 
*p1I  ualapD'il  to  the  purpose  iis  tlie  solid  fats, 

Okoniar^arine  lias  lieen.  niisrcprcsi-otiil  t"  lln'  public  to  a  frr«it»T 
«lent  proU-ibly  Iban  any  otlitT  article  of  ttHid.  Fn>m  the  time  of  its 
Sm  npix-jnmce  in  the  market  as  a  ronifH'tilor  of  butti>r,  Ihcn-  has  l»ecn 
n  oi'iisinni  attempt  to  cniite  and  foster  a  prejudice  against  it  a=  an 
■iiwhiilcsomc  Jirliclc  made  from  unclean  K-fnse  of  various  kinds,  n 
vwiicle  litr  dise.'isti  gernis,  and  a  dts-ieiiiinator  of  tji]x'worms  and  other 
nnwHiiuiM-  jtani-iites.  [t  hiiN  bwn  said  to  he  made  fi-oni  -oap  trrc-iM-, 
fr'iii  the  carcasses  of  animals  de.id  of  dist^nse,  from  jjreiis*-  extnii'te*) 
frt'm  j^-wcr  sliidp',  and  fmm  a  variety  of  other  articles  equally  nnadfl|)tecl 
toil*  Dtanulkclnre.  Tlie  publication  of  a  great  mass  of  nntnitb  cannot 
fill  to  have  at  least  u  [Mrt  of  iti<  lUvirfd  cHuct,  not  solely  on  the  minds 


if^nomnt,  but  eveo  on  those  ol  pereotui  or  mora 
inttiUif^-rKx'.      S)  ii  prejudice  wm  (united  Sfnunxt  lliui  valuithk-  li»d 
ptixluct,  but  it  i^  iHixiiiiintr  ffnuliuiIK'  \c»6  pronoun oi-d. 

TliG  tTiiili  iii>nin-riiiii);  iilc'iniar^riui'  ix  llml  it  U  niudi^  only  fmcn  At 
fliTiuw't  mnCvriiilH  in  i!r'  flwincj't  inttftblr  niiiniuT;  that  It  1-  ((laillvj" 
U'lioleeiKue  as  buttt-r ;  and  that  wbeii  hoW  lor  what  it  is  and  iii  iu 
pi-cilHT  price  it  briiigri  Into  the  lUvtnn'  of  lho»e  who  cannot  affiiH  lh» 
better  t:ruilt«  of  butter  an  imiwrtutil  fnt  food  nitieli  superior  in  Ouv'ir 
nii<)  kii'pinj;  pm|MTr_v  to  ilii-  iih<«i|icr  jjradtw  of  hiiltcr,  wliirli  hriuf » 
[[[■.'liir  jirkv.  OKiitiiiii^irine  cnnnut  bv  niiiile  lW>ni  niociO  fat.  anil  in  il* 
nuinufucturt-  great  i-ure  luuai  be  exercised  to  exclude  aay  maUiul  bow* 
<-ver  nliifhtly  tiiinlod. 

Oltiinmr^riot?  ih  not  and  raiiiiot  ht-  nmde  from  fati:  lmvin|j  a  nuiHifd 
or  di^'tiiii'tive  tiu-le,  iind  itH  fliivnr  U  dcrivi'd  ulmlly  fi-i<iti  tlir  milk"r 
^■niurie  butter  eniplovnl  in  it«  niaiuitaeture.  It  l'lmtIlin^,  ».>  n  riiiti 
l<ws  water  thiiii  d(H-M  fct-nuiiie  butter,  uiid  eoiwi"(|u<'iit ly  uiij'  iJifi'en.-m»  in 
fiNxl  vulue  ii<i  in  ilit  &vor.  It  iindvr|^x«  deiv>nip<i8ition  niuHi  moTF 
slowly,  and,  iiideetl,  «my  be  ke]»t  many  iitonthii  witliont  lni-i.ininKnuiciil. 
Much  lia.'<  bivii  miid  coiieeriiiiijr  il.->  di>^-^tibilily,  ami  ulnrnii^l."  liii\vpitW 
so  far  iif  t">  claim  that  il  is  very  iinti;;cstihle,  and  likely  to  pntvi-  !i  |ff»* 
liiie  cause  of  dysptrpnia,  ipiiu-  for^ciliu^  tliat  the  nuiteriaU  fnini  wbiii 
it  !«  fimde  Imvu  held  a  pluee  iu  the  dieturio  of  all  civilize<i  [leoph*  ^BO) 
lung  before  butter  wua  pri>mote<l  from  its  [tofitiioii  as  an  ointineut  lolhit 
uf  an  nrliele  of  (imhI.  Many  t^MiiiMimiive  Htudie;'  luive  Ih-ch  made  on  ihis 
|Hiiiit.  tind  the  residlH  in  eeneral  have  shown  that  thei-e  is  little  if  mV 
dillerenee,  H,  Liihrin  '  nus  proved  by  euixfiil  exjieniuent  Urnt  1*^ 
two  aiv  to  all  intents  and  ptiqKiKw  exactly  alike  in  poiut  of  di^R>n* 
bility. 

Oleoma iTpirine  ha«  be«n  the  Mibjtct  of  ii  vjmA  Htnount  of  rwlrii-liv« 
le^lation  wherever  it  is  iimile  or  sold.     This  bus  been    |>a.->sed  in  llw 
interest  of  duiiynicn  and  iH-aiiise  of  lite  «w;  witii  which  it  mar  '* 
Mild  fraudulently  as  butter  at  butter  priece.     To  the  practice  of  bavi 
in  Its  rrtuil  >mle.  i«  due  ver\'  hiip'ly  the  pa^ijrc  of  ]ioi)iibtlivi>  luMt 
nuiny  of  Mhk'h,  however,   Imve   lieen  tkH-liiriil  uneiuHtitutiotial.    I" 
M.i^NK-luiM-tt^,  for  exaiiiple,  it  had  ui  one  tinte  n  very  Inrgi'  sule.  «o^ '" 
tlK  city  of  Boston  alottc  were  nearly  200  Ikt-niwd  (h-alen^.     Hul  ''" 
unount  of  fraudulent  dinliitg  was  so  gretit  that  the  Legisliilun;  )xi^ 
III  not  |>nkhihitin<;  it"  «dc  if  it  ixnitwirH-il  any  iu^nilient  enuKia^  il  '* 
tcwk  like  hutliT  ;  in  other  worrls,  no  annatto  or  other  Mibetance  wb"^ 
Would  cnuHe  it  to  iH'Velkiw  ixHiUl  Ih-  iM-d  in  its  nuinufneturt>.    Siitec  '^ 
DUturol  eolitr  is  aintost  white,  and  sinew  white  butter  Ami-  not  ati|H>!ll  '^ 
t)»p  eye,  the  restilt  wiu*  }inirtindly  the  withdrawal  of  tlie  artiele  fyo^ 
t»pc<i  mlc.  J 

In  OemiBny,  on  iteeouni  of  fniuduleut  praetiees  in  the  ndultemli'" 
'if  bum-r  wilii  olromiirptrim-.  ihep^vi-nnnenl  pas^^l.  iu  18S7.a  !>lnli*' 
mpiiring  the  latter  to  «>uitain  10  yn-r  ivut.  of  oi]  of  seeunie,  »>  th.it  a** 
suliscciurnt  adniixliire  with   hiitter  Dkay  nudily  be  detnted  by  Rn*' 

>  2«lUckrift  rcr  UMMNUobung  dcr  N»hnnw^  and  Gcnawninol,  JiuM^  1690,  |>.  iS4- 
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dDuio's  reaction.  This  is  a  red  coloration  brought  about  when  oil  of 
sesame,  fiirfurol,  and  hydrochloric  acid  are  brought  tt^ether ;  and  it  is 
sufficieotly  delicate  to  show  the  adulteration  of  butter  with  2.5  per 
cent,  of  oleomargarine  containing  the  oil  in  the  proportion  stated. 
Eiperiment  has  shown  that  butter  made  from  the  milk  of  cows  fed  on 
usuae  does  not  yield  the  reaction,  but  the  fkt  of  the  milk  of  goats  ted 
partly  on  sesame  has  been  found  to  give  it. 

Tbe  principal  chemical  difference  between  butter  and  oleomargarine 
lie  in  the  relative  amounts  of  glycerides  of  the  soluble  and  insoluble 
finy  acids.  Genuine  butter-fat  contains  nearly  8  per  cent,  of  butyrin, 
apnjin,  caprin,  and  caprylin,  while  the  artificial  product  contains  these 
gij'oerides  only  a>*  they  are  introduced  in  the  amount  of  milk  or  butter 
with  which  it  is  churned,  for  they  are  not  present  in  suet,  lard,  and 
MW  animal  fats. 

Of  late  years,  high-grade  butter  has  found  another  formidable  com- 
petitor in  what  is  known  variously  as  renovated  butter,  process  liutter, 
•nd  hash  butter.  The  material  from  which  thb  is  made  Is  gathered 
Gwn  dairies  scattered  over  a  wide  expanse  of  country,  and  differs 
widely  in  color,  texture,  age,  and  flavor.  It  is  melted,  purified  of  its 
tMcidity  by  washing,  given  the  desired  yellow  color,  and  rechurued. 

Butter  as  a  Oairier  of  Disease. — Since  milk  is  known  to  be  a  car- 
rier of  the  germs  of  certain  diseases  under  some  conditions,  the  possi- 
Inlity  that  butter  may  act  in  the  same  way  suggests  itself,  and  the  more 
Wnn^ly  since,  in  ordinary  creaming  of  milk,  all  but  a  very  small  pro- 
portion of  the  bacteria  rise  with  the  cream.  Ordinary  butter  contains 
Bullions  of  bacteria  to  the  gram,  but  whether  the  pathc^nic  f<irms  am 
loi^  survive  has  not  been  investigated  very  extensively,  except  in  the 
<*se  of  the  bacillus  of  tuberculosis.  The  bacteria  of  cholera  and 
Uphold  fever  have  been  known  to  survive  several  days  after  being 
Iwated  in  butter,  but  beyond  this  we  have  little  knowledge. 

Bmsaferro,  in  1891,  produced  tuberculosis  in  a  rabbit  through  the 

ajectioa  of  butter  made  from  the  milk  of  a  cow  with  u  tuberculous 

odder.     Koth,  in  1S94,  got  similar  results,  and  found,  moreover,  that 

2  oat  of  20  market  samples  of  butter  used  by  him  yielded  Ix>siti^■e  re- 

sdts.     Schuchardt  got  negative  results  from  42  samples,  while  Ober- 

ntuller  found  the  bacillus  in  every  sample  of  Berlin  butter  used  in  his 

fet  series  of  experiments.     Dr.  Lydia  Rabinowitsch '  examined  80 

Maples  obtained  partly  in  Berlin  and  partly  in  Philadelphia,  and  foun<l 

^niite  tubercle  bacilli  in  not  a  single  instance.     She  did,  however, 

wd  1  spurious  organism,  which  produced  in  guinea-pigs  changes  which 

"^red  very  careful  examination  for  the  determination  of  its  non- 

ttwcnlous   character.      It   was   present   in    28.7    per   cent,   of  tlie 

Copies.     Petri'  found  it  in  37.2  per  cent.,  the  genuine  bacillus  in 

"■4  per  cent.,  and  neither  the  one  nor  the  other  in  :!0.4  [kt  cent. 

™fflavdler,*  using  salted  butter  in  a  second  series,  determined  that  the 

' Ziitschrift  fiir  Hjpene  und  InfectirniRkmnkliciten,  XXVI.,  p.  90. 
*  Aitniten  mas  dem  Kiiserlichen  GeauLidheitumile,  IWiti,  p.  27. 
'  Sfgieaiache  BundBchau,  1899,  No.  2. 
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jnjcrliim  of  the  l)utl«r-fiil  itwlf  intrmlun'd  a  cauftf  uf  irritiilKKi,  uid 
UHOcI,  lh«ivfbn?,  in  bU  next  eel  the  waterr  fltik)  w|HiiDlcd  fnnu  tlie 
huttor  by  lu-;it  and  <-c-ii[rtfiifiiiti(tn.  FiMir  Kiiii)il<t(  out  <if  10  fmni  tlie 
wimf  fioiinv  Hi'  bi*  lii>l  lot  pivc  iiniloiibml  pvidvticf  of  llic  prewuirt'-f 
Pennine  lulM-ivle  lieioilli.  (hio  Korn  '  toniid  (h^'in  in  '23J)  [ht  i^iiL  <if 
«uiiiikt4  inirci)ii?^-<l  in  KnibiirK,  iiixl  Dr,  <_'.  Cujrj;i  *  in  only  2  out  iif  KU 
eamplcii  piiR-haHed  in  Milim,  though  in  a  iiumIxT  nf  them  iIh-  fjiumia 
oiyaiii.-4m  wim  [»>'.-^tit.  .M<)r)j;<.-nn)th'  hnn  suhjo'dil  <>h*irii.ir)^rinr  Im 
tiiiiiliir  invcvii^iiion,  sjuct.'  milk  'ii^  iim^I  iii  it^  mimiitltc-iun-,  and  Imftf 
IMirt^l  |M>wiriv(-  iv^'ullt*  I'roiu  !f  oul  (if  '2i)  muiii>1<-?'.  AdiMI'  rxiimirn*! 
28  rviinplv*  of  uloiiniii^iritK.-  (1-j  from  Ik-i-liii  mid  13  fruin  Liv-eqwil), 
ami  llmnd  virulwit  tidiewle  Iiadlli  in  only  1. 

\V*r  Iiiivc  iL-  yi't  IK'  I'vidfinf  whntovi-r  llml  tuWiruWiji  hap  p\-rr  UtB 
i^]in'iid   ihri'ii^h    iho  iigcncy  of"  IhiIUt,  Kiit    llit*  Mibjifl    doMTXi'^  nnM 

lhollJ,^lltl'ul  <f>ll-i<UM«tioH. 

i^jdysla  of  Batter. — Owlinarily,  the  PXHrnination  of  butter  bltm- 
ita^i  Ut  til'-  iK'tcniiiiiiilioii  at  wln-ihiT  or  not  it  ix  mix<-il  nith  or  n-jilunj 
liy  olcduiiirgTirinc,  but  titr  iho  d(!  term  inn  t  ion  i>l"  itt^  RhhI  \idiii-  il  i* 
niivwiiry  in  ii^ifHsiin  tin-  )ii'<i)ioriiiiii.->  of  fiit  iiiid  wiitvJ".  It  l«.-*iii«^ 
timv."  of  intfit-i't  iiImo  to  dc-tcrmiuc  the  iimoiinl  of  alt  and  thi-  pmMnv 
of  othfr  prcjtpn'iitivpt-. 

BvtonniDation  of  Water. — Wuigh  a  gram  or  two  of  thf  Fain[>U-  tWo  ' 
jtlatinum  di!>h,  mii^  an  in  iiM'd  in  the  anulysi^  of  milk,  and  dn*  nt  nw 
Htdiit  wi-ijjlit  OH  a  wiiti-r-hiith. 

Det«nntiiatlaii  of  Fat. — Kxtniet  tho  rc»<idn('  from  the  ppc«xiiii|;  iti" 
t4Tmin:itiiiu  with  ilhir  or  fix^'i^hly  disiilliil  uaphlliii,  luring  ran-fid  unt  "■ 
Ifniovtt  finy  of  the  pnrticUs  of  ciird  or  Hdt.  The  procww  of  txtrartini' 
in  vi-ry  iiim|ili'.  ii'iKisting  in  lUliii)^  iht-  dii4i  nlMtut  lialf  fiill  of  the*'' 
viiit  and  jilVr  ii  -ihorl  tinit-  di'ninting  il  winfidly  into  another  vit»i'l> 
and  n'lKnliug  the  iijM-nition  until  nothing  ii'  extracted.  The  lolvailt 
or  an  uliquttt  |«in  thereof,  nmy  W-  cviiixiniletl  in  a  woigiu^l  ifrtikcfi"' 
lilt'  ilish  iniiv  ttgiiin  Ih-  healetl  to  a  (xnif^iant  weight  and  the  fat  tii'tf^ 
mitnil  by  diflfermoo.  The  ru>iduc  now  n-im-noiti  lh«  ttird,  lai-tuiw, 
niiner.tl  matters. 

ZtotcnaitiatioB  of  Salt,  etc. — Ignite  this  rrniilne  ni  »:'  lo>v  a  tt-ni 
tiiri'  lis  [MMv-ihle,  iumI  thus  burn  off  the  <n^-in  itntl  hiclo:^%  Their  vQi 
bitH-d  Wright  i.-  ft!Hvriuin(il  by  weighing  the  disli  anew.  Wlial  m 
n-ninin"  in  the  dish  i«  niinend  ni.ttter.  iiimprUing  tin-  «ill«  natural 
milk  and  ih'i-'i'  iiddixl.  t'oninion  Ndt  may  Ik' iletermint'^l  by  irrati 
tin-  tiniil  nr<iduv  »ilh  water  luHdulnti^l  with  nitrie  acid,  ami  tilnittng  S 
tiK-  umulI  way  ^^ilh  •^tandai^l  i^ilulion  of  cilver  nitniK-,  ui*ii)g  pubu^Jiq 
fhminati'  iin  im  indiralor.  | 

.Vnolhcr  nietlmd  of  ili-temiiniiLg  xnll  i.n  ns  fidlnwy :  .Shake  ii  knowi 
weight,  r)-|<l  gmm<i,  of  iIh-  foimiite  with  hut  u^ter  in  a  stop[tei 

'  AKkU  nt  H7^««r,  XXXVI  ,  ,v  ^7. 

•  Oioratb  (MblK.  So>4tU  luluin-  <t'iiw>v,  lair,  Um,  u.  3B. 

•  U.t|!i««wb«  KuMliriiBU,  Itm,  No.  il. 
'  The  lAiKvt,  Janoarjr  30^  ISOOi 
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m&ig  funnel  until  it  is  melted  cnmpleteiy,  let  stand  until  the  fat 
^thera  on  the  siu^ace  of  the  water,  and  then  draw  o£F  the  latter  through 
the  stopcock.  Rq>«at  the  operation  with  successive  portions  of  al)out 
20-25  cc,  of  hot  water  until  a  few  drops  of  the  washings,  tested  with 
titver  nitrate,  £ul  to  show  a  cloudinegM,  due  to  silver  chloride.  Allow 
tbe combined  washings  to  cool,  iiiid  then,  in  an  aliquot  jtortion,  deter- 
mine the  chlorine  by  standard  silver  nitrate  solution  in  the  usual  way. 
IMennination  of  the  Nature  of  the  Fat. — To  determine  wliether  or 
not  a  .specimen  is  or  contains  oleumai^riue,  an  examination  of  the 
Qibire  of  the  fat  in  necessary'.  As  has  been  pointed  out,  genuine  butter 
contains  a  considerable  amount  of  volatile  tatty  acids,  wlnlc  the  artiti- 
ciil  product  contains  very  little ;  but,  on  the  other  hand,  the  genuine 
Bticle  I*  correspondingly  poorer  in  the  insoluble  non-volatile  fatty 
tail'.  It  is  np<m  these  differences  in  the  two  kinds  of  fat  that  the 
dettrmination  of  the  que:^tion  of  genuineness  dej[Miuds.  The  usual 
caunination  is  limited  to  tlie  determination  of  the  volatile  fatty  acids 
in  a  given  weight  of  the  melted  fat  freed  frfjm  water,  curd,  and  salt. 
IVfat  is  saponified,  the  resulting  soap  is  dis.solvod  in  water  and  then 
danmposed  by  means  of  sulphuric  acid,  and  the  volatile  fatty  acids, 
tfans  freetl  from  combination,  are  then  distilled  over,  and  their  amount 
etimated  by  means  of  decinormal  sodium  hy<lnite.  Five  grams  of 
genuine  bntter-fat  will  yield  an  amount  which  will  require  at  least  24 
«.  of  the  alkali  for  complete  neutnilization,  while  an  equal  weight  of 
(4mmar^rine  yields  so  small  an  amount  that,  as  a  rule,  less  than  1  cc. 
un^uired.  Mixtures  give  results  between  these  limits,  and  from  them 
one  can  estimate  approximately  the  proportiim  of  butter  present. 

Procesb. — Heat  a  small  pieee  of  the  sample  on  a  water-bath  in  a 
nitable  beaker  until  it  is  melted  completely,  i\nd  the  contained  water, 
■It,  and  curd  have  collected  at  the  bottom.    Decant  a  sufficient  amount 
tf  the  supernatant  fat  into  a  dry  fitter  and  allow  it  to  pass  into  a  shal- 
low beaker.     ^Vhen  about   10  grams  have  been  collected,  place  the 
ketker  in  a  basin  containing  water  and  ice,  and  allow  the  fat  to  become 
Wi     Place  a  small  filter  paper  on  one  of  the  pans  of  the  balance  and 
ttnnterba lance  it  exactly  with  weights  on  the  other.     Then  weigh  out 
« rapidly  as  possible  2.5  grams  of  the  fat,  transferring  it  to  the  pa[)er 
I7  means  of  a  spatula.     Place  the  paper  and  fat  in  a  .'iOO  cc.  Erlen- 
wrer  flask,  add  10  cc.  of  a  20  per  cent,  solution  of  caustic  potasli  in 
70  per  cent,  alcohol,  and  then  place  the  flask  on  a  water-batli.     In  a 
ifcort  tame,  specially  with  gentle  rotation  of  the  flask,  the  flit  becomes 
completely  waponified.     Continue  the  heat  until  tlic  alcohol  is  expelled, 
and  remove  the  last  traces  of  the  vapor  by  blowing  into  the  flask  with 
a  bellows  or  by  swinging  it  in  the  air.     Ad<l  -50  cc.  of  hot  water,  and 
■hen  the  i*oap  is  brought  completelv  into  solution,  aild  2'")  I'C.  of  10 
per  cent,  sulphuric  acid.     The  latter  hre:iks  up  the  soap,  sotting  free 
both  the  soluble  and  insoluble  fatty  acids,  the  latter  in  the  fimn  of 
curds.     Connect  the  flask  with  a  Lieliig  condenser,  after  IntnHliii-ing 
se^'eral  pieces  of  pumice  stone  to  prevent  bumjiing,  Jinil  tlien,  with  the 
fla:sk  supported  on  a  square  of  wire  netting  over  a  Bunsen  lani]>,  distil 
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bIowIv  uutil  50  cc.  huve  heen  voWceted.  Titniti-  llir  dutillutc  will 
diviuonunl  nxliimi  hydrate,  iihiiig  phGiioIplithaJeiD  as  an  itHlicaloQ 
With  the  jiirnjuiH  nf  Iht  lulci'ii,  iil  Uii.-'t  I'i  n:  nf  iIk*  iilkiili  will  hi 
pei]uired  for  nfiitnilintiioii,   if  tlie  spix'ini«i   i*  p.'ii(iiuc  butter. 

-Miiiij'  iiniil_v.-i.-  ]ir>  I'lT  to  t'liijiliiv  ."i  (grains  iit'  fat  ajicl  i-<>m«[ion<liu)^]| 
lar^r  volumes  of  natt-r,  iiikI  to  ilietill  1 10  rv.,  wIwudI*  100  is  litmtcu 
Some  prefer  iil*>  to  carrj-  mi  ilie  |ti''>cess  of  impxiiilicutioa  iii  a  nMinA 
bottonitii  fljiisk  iituK-r  prt.-wiirf.  Sum.-  iiK^iMiri'  lln-  Ittiiil  fiU  rlirt^rtlv  iiitt 
a  it'dghed  tliLuk  from  a  pi|X'ltf,  itiid  atrCGruiiu  the  ninnunt  tHkeu  \iv  to 
wcighiiiji;  iit'ti T  till-  fol  ha.*  wn>K?iI  itml  Miliilitit^il.  The  MiixtiiifyJiij;  Uf:«-iil 
is  applied  in  different  fomu;,  aud  muny  other  variations  in  dduil  an 
reefiiimiciidcd,  hiii  the  end  renull  is  praeiioflll)'  the  winie.  I'ho  pruocd 
(kf^cribed  \iai-  been  foiinil  In  tbe  ex|^)crienee  of  tJie  author  to  be  mot 
aatiBfat'toPi. 

The  Leirnmuii-Beaiii  [troevvs  bus  niiieli  to  r»»tiiueDd  it,  purtietilarlj 
in  the  ttaving  of  lime.  The  Hiponifying  agent  U  pre|Kired  by  roixi: 
20  w.  of  .jil  iKT  ivni.  niiiKtic  i-odi  Mihititin  tind  180  v.  of  pure  coimtB' 
trat«l  glyeeriu.  To  -i  gi-anis  of  fat  in  an  Erlenmeyer  Hafk  ad<l  ^<l 
of  lliin  Milution,  iim)  ilun  ticul  over  ii  Kunxcn  flMiiie  until  Mijioiiifii^itii 
is  eom])Iele,  This  require!-  Wit  u  few  minuter;  the  euniptetion  of  1 
proceaa  is  .ibown  by  the  elenr  ennditimi  of  (he  mixture.  The  samp  ■ 
diluted  witb  13.j  w.  of  Iw)^^!  water,  stdded  at  fir^t  in  very  small  uniounte 
to  prevent  foaming.  TliMi  ii  ee,  of  dilnle  -.nljilunie  aeid  (2(10  ee,  in 
1000)  an;  added,  and  tlie  pre|>iinitioii  in  rmdy  for  innmirnite  ili;>tillii- 
tion.  Distil  IKt  ee.,  mix  ihorouglily,  and  [kls!*  thnjiigh  a  dry  filter, 
titrate  100  cc.,  aud  to  the  result  wid  ^g  for  the  veiimiTiiiig  10  vc 

I f  one  wiHlK^  to  ileterniine  the amoimt  of  inj^oluble  fatty  aeids,  it  tuay 
be  done  in  the  following  manner,  hnl  it  nhonUI  l>e  ;<itd  lliat  the  pniiieM!' 
rtipiin?  mueh  more  time,  »nd  lliat  tJie  resulb'  are  not  alwavt^  Niti»lae- 
toiy,  fiiuee  the  up)wr  limit  in  Ihe  i-aiv  nf  butter  is  mi  mar  the  lower 
limit  in  that  of  rtlemargarine  that  samples  yielding  nvulte  dosr  to  the 
dividing  line  may  ne^^^l  further  ainilyMii<  before  an  nuqunlified  opiuioo 
of  the  nature  of  tbe  liiK-eimen  eiin  be  given.  A  mixture  of  )^-nuine 
butter  and  oleomiirgnriue  may  give  n^ultn  well  within  the  normal  limits 
of  butter. 

pR(H-KsK. — Iniii  a  weiglii>d  beaker  decani  a  few  grama  of  the  fat,  and, 
when  the  latter  lm>^  eonUil,  iiseertoin  the  iiniouni  taken  by  reweighing. 
Sajwinifv  as  almve  deaerilied,  evajjorate  the  aleohol,  di.'^siOve  llie  MMip 
in  water,  an<1  iks.imi|Hi<e  it  by  ihe  addition  of  an  exee^  of  acid.  Heat 
until  tbe  precipitated  inmluble  acid«  are  melted,  tlieti  allow  tlie  whole 
to  cool,  when  llw  fiitty  layer  has  aiwumed  the  cbaraeter  of  a  wiUd 
cnijst,  break  a  nuiall  hole  thrrmgb  it  at  a  point  on  it«  ein-unifcrenee  and 
another  on  the  op[M>^ite  r-ide.  Weigh  a  funnel  and  a  drii'd  tilter  of 
suitable  >rw,  gibiv  the  latter  within  the  fornn-r,  wei  it  thoroughly,  and 
then  tiller  the  litjuid  from  beneath  the  eru^l.  Itreuk  up  tlit-  eru.M,  add 
boiling  water,  and  tRiiti'f<'r  tin-  whole  to  the  filter.  Wash  reijeatedly 
with  boiling  water  uutil  the  wa^'hinps'  have  n')  longer  an  iwid  n^iiciion, 
tbcD  let  drain  until  no  more  water  is  discbat]g«d.     The  filter-paper 
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'et,  the  melted  fatty  acids  do  not  pass  through  with  the  wash- 
Place  the  funnel  and  itu  contents  in  the  beaker  and  dry  in  an 
I  at  100°  C.  to  constant  weight.     The  increase  in  the  comhioed 

of  the  beaker,  funnel,  and  paper  represents  the  amount  of  to- 
tatty  acids  in  the  amount  of  fat  taken, 
dnatioii  of  Fat  by  Ueans  of  the  Butyro-Tefractometer. — A  sim- 

quick  method  of  ascertaining  the  nature  of  butter-fat  with- 
Hiree  to  chemical  analysis  is  that  by  means  of  the  hu tyro-refract- 
or other  instrument  designed  for  the  purpose  of  meai^uring  the 
,-e  index.     The  instrument  is  shown  in  Fig.  4,  with  the  prism 

Fia.4 


Zeis*  bulrro-refrarlomcter, 

ride  open,  It«  application  requires  so  little  time  that,  after  a 
fittctice,  a  person  working  alone  can  examine  readily  1;")  or  20 

in  an  hour.  The  method  of  use  is  as  follows :  Tht'  surface  A 
t  to  which  it  ia  opposed  when  the  prism  casing  is  closed  should 
cleaned  by  means  of  a  soft  piece  of  linen  moistened  with  alcohol 
r.  Place  the- instrument  so  that  the  surface  of  the  prism  R  is 
al,  then  apply  2  or  3  drops  of  the  <'lear  fat,  best  from  a  small 
per  held  between  the  fingers.  Goi^c  the  prism  msing  and  fiusten 
eans  of  the  pin  C.  The  surfaces  of  the  two  prisms  arc  now 
d  from  each  other  only  by  the  very  thin  layer  of  fiit.  With 
niment  in  its  original  position,  the  mirnir  I)  a<liusted  so  as  to 
,te  the  field  clearly,  and  the  upper  part  of  tlic  oeular  so  adjusted 

scale  within  ia  mrest  clearly  definc<l,  r«id  off  ut  what  point  of 
e  the  line  between  light  and  shade  falls.     Since  the  degree  of 
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refrucltuii  iif  ii)fluciiwtl  by  tlw  tominTntiiix-,  it  Is  nwwwn,-  to  hnvpfocM 
mmnii  of  flfltermining  at-curattly  ihe  tcniponiturv  of  the  Hpn-ioin 
brtwwii  ilic  |)i-Uiii».  Thi.i  is  Mfim-cl  in  iIk-  fullowiii^  Duiiitiir :  A  nir- 
rent  of  warm  water  in  cinuliit'tol  by  niuiiw  iif  a  nibbcr  liib^-  cwiiHTlid 
witli  ibf  inirt  K  iiitii  tlic  prLim  cabling,  thence  tiimu^i  the  nibUf 
IhIk'  /■'  U'  the  tipiK-r  jNirt,  fnnn  wbioh  it  ei^aiixM  thnmpli  l\w  «mil«  f'. 
Till-  Imlb  of  a  ilicrnuiiiicter  jirnjeciii  into  the  i-iirrept  nf  wiiter.  Tlw 
^lull'lIl^ll  twiiiR-nUiirt-  ii>v  i>b*Hrviuioii.-«  with  lliis  iiiMnmiint  U  'J-V  ('., 
ami  at  this  tem|MT.iturp  natural  butter,  wiiii-li  haa  a  refractive  imlKi  of 
l.4''i!f-l.-l<!2,  will  givi?  u  riH(li»)r  of  fn»m  ■llt.5  to  64  on  the  'itSf, 
while  uleomurgariiic,  which  lut»  a  rrfnu-tive  index  n{  1.46''>-1,4"( 
will  iihow  5H.li  to  (it).),  ami  mixliirt'."  of  tlu-  oiic  with  tht- oilier  wi 
give  frotn  64  upward,  iu.-c^)rdiii|;  to  the  ix-rcmbige  of  olconim^ne 
|)rft-('iit. 

vVouurding  to  Wolliiy.  to  wlmni  tLe  invention  of  the  inetnunvnt  it 
lai^y  duo,  any  ii])eeiuien  which  nt  a  teniiieratiire  of  2S*  C.  p»w  i 
liil^flicr  rtJidiuf;  than  ■'il  will  invariably  be  found  mi  chciiiiwd  aiinlvflJ 
to  be  adolUTjIed  ;  hut  he  !'u^');(»l-'  that,  in  order  to  remove  all  e\iaoft 
of  iidulti^rnKcil  l)utt<^'r  i'»<iipint;  (k-t«i-linii,  ihii>  limit  Ik-  ntliiMHl  tuo^-'v 
and  that  all  samples  giving  the  latter  reii<ling  lie  cxiuiiine<l  chemintlK- 

With  lorn  |>em  III  res  other  limn  "I'l"  ('.,  it  is  inxw-^ry  to  make  «^ 
n-clions  of  IJ.oo  of  a  scale  division  for  eiich  decree  (.'.  The  followi') 
bilili-  nhowM  the  iiinximuni  renrlitig  for  pure  liultera  at  dilleKnt  U0>- 
{Kjiatiireii : 


Tmr. 

aadl*. 

Tmp. 

8e.dl*. 

Temp. 

Padlv. 

Temp 

te«f- 

45' 

63.6 

31" 

49.3 

370 

4M 

43" 

oi 

» 

61.9 

33 

48.0 

36 

4&3 

44 

m 

S7 

01.4 

33 

48.1 

'    a» 

44J 

46 

4l,E 

S» 

50.8 

M 

47.6 

40 

44.S 

S0 

60.3 

36 

47.0 

41 

4a.T 

30 

i9j6 

88 

48.4 

42 

48.1 

- 

Then-  are  other  prooesse^  for  the  inveE^tigation  of  the  diaracirr  "i 
butter-fat,  iiK-tudin^  tlie  rlet<nTiiiiati<in  of  the  siH>cifii-  giiivily,  luelti"' 
jMiint,  i'xlinf  absorption  nunilier,  and  ^nponificstion  (tpiiviilcnt ;  but 
nil  pinctioil  pnrpoJM.-*  thi-  dftermiimtion  of  the  ivfractive  index  "T 
■the  volatile  fatty  acids  is  or<liunrily  Hufficieut^  aiid  tli«  oUicr  dci 
natiouK  an  lui-rely  <«»mil)orativi>. 


CHEESE. 

Pnr  thoimands  of  yearn,  cheese  hnn  lieeii  known  af  n  voiy  valuak 
food,  and  iiiueh  ntteiitioo  h»s  hn-n  priid  to  differ<-nt  melhodi<  of  mat 
fnctnrc.     At  the  prew-ut  time,  many  vnrictio'  are  tnnde,  llwir  nat 
di')»eti(liiig  upon  tliat  of  the  mw  material,  the  tnetbod  of  produciu^ 
cillxl,  the  proiHUtiotiH  of  the  si-\-iTid  constituents,  and  tin-  motliiNl 
t-i|ii-uing.     Mo^t  vikfieties  arc  nmde  from  c»w.<.'  milk;  some  are 
IVoni  tlmt  of  cvn»,  iumI  others  front  that  of  gontii. 
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Tbe  milk  is  used  either  id  its  Qatural  condition,  or  skimmed,  or  with 
lie  addition  of  cream.  Generally,  it  is  used  in  its  natural  condition, 
ntutever  the  kind,  the  following  is  the  general  process  of  manufact- 
ure. The  milk,  with  or  without  coloring  matter  as  desired,  is  heated 
to  80"  F.  or  above,  and  then  curdled  by  means  of  rennet  or  by  the 
acids  formed  by  the  ordinary  milk  bacteria.  Usually,  rennet  is  em- 
ployed; sometimes,  sour  whey.  The  coagulation  should  be  complete 
m  from  forty  minutes  to  an  hour.  Too  rapid  coagulation  causes  the 
raid  to  be  hard,  tough,  and  unsuitable  for  tbe  subsequent  manipuk- 
tioD ;  too  slow  action  produces  a  soft  curd  difficult  to  work  and  not 
imiTonn  in  character.  After  tbe  process  of  coagulation  is  complete,  the 
cord  is  cut  or  broken  into  small  pieces,  and  the  whey  is  drawn  off. 
Then  tbe  curd  is  gathered  into  a  heap  and  covered,  and  allowed  to 
itand  for  an  hour  or  longer,  during  which  time  its  increasing  acidity 
usists  in  it^  hardening  and  promotes  the  separation  of  tbe  remaining 
■hey.  When  the  curd  has  attained  the  proper  consistence,  it  is  placed 
in  a  cheese  press  and  subjected  to  gradually  increasing  pressure,  and 
tfto-  this  process  is  completed  it  is  removed  to  the  curiug  place.  For 
tbe  proper  ripening  of  cheese,  it  is  essential  that  the  curd  be  of  the 
pR^  consistence  throughout,  and  that  only  the  favorable  organisms 
be  present,  and  these  in  not  too  great  abundance. 

The  curd  produced  by  the  action  of  sour  whey  is  highly  acid  and 
iiclmed  to  be  greasy.  Owing  to  its  high  degree  of  acidity,  it  is  not  a 
&vorable  ground  for  the  growth  of  many  of  the  bacteria  to  which 
is  due  the  production  of  the  different  kinds  of  flavor,  and  so  the 
nnmber  of  varieties  possible  of  manufacture  by  sour  whey  is  limited. 
Beonet,  on  the  other  hand,  produces  a  curd  which  is  elastic  and  not 
pfm-  or  sticky,  and  which  is  a  good  culture  medium  for  the  bacteria 
*bo(ie  assistance  is  needed.  It  acts  best  in  milk  which  is  slightly  acid. 
Sir  if  the  milk  is  neutral  or  only  very  slightly  acid,  the  coaguhitiou 
pnxeeds  verj'  slowly  and  the  curd  will  uot  contract  sufficiently  to  exjiel 
lie  whey ;  if  the  milk  is  too  acid,  the  process  of  coagulation  is  too 
Ipid  and  the  product  too  tough.  A  soft  curd  retains  too  mucli  whey, 
•lid  the  fermentation  of  the  milk  sugar  of  the  whey  causes  "  huffing," 
*  swelling,  for  the  prevention  of  which,  preservatives  smnetinies  are 
onployed.  The  bacteria  concerned  in  the  process  of  ripening  exist  in 
tiieoriginal  milk  or  in  tbe  air  of  tbe  place  of  nianufa(-ture.  Sometimes 
tile  rarieties  which  produce  cheese  "  faults "  gjiin  a  fcxrthold  on  the 
vemises,  and  can  be  eradicated  only  by  means  of  thorough  cleaning 
lod  disinfection.  The  ripening  process  is  carried  on  at  about  70°  F. 
t  is  essentially  a  process  of  dea»m  posit  ion,  in  \ihich  cnKymes,  bacteria, 
ad  moulds  are  concenic<l ;  and  for  the  pnxluclion  of  the  same  kind 
f  cheese  the  same  varieties  of  organisms  must  be  jiresent,  and  the 
uticular  variety  producing  a  particular  flavor  must  find  the  conditiima 
icfa  as  are  tavorabie  to  its  predominance.  It  is  not  |>os.sible  to  start 
rth  milk  that  is  entirely  sterile,  and  then  to  incxiulate  with  the  par- 
nlar  ^-arieties  wanted,  since  to  sterilize  milk  completely  requires  the 
iplication  of  auoh  a  degree  of  heat  as  will  produce  changes  in  tlie 


cssein,  intorfrrc  with  tlio  |)ru|K'r  iictioii  nf  tlic  reoDet,  ii^urc  iIk  wd- 
siatence  of  the  curd,  and  destroy  the  enxymes. 

Ki|»ciii[ii;  diRw  imt  [imi'i*'*!  sarisfaoiorily  when  the  curd  fans  bcrn 
|jivh1(ic("<1  tlirmigh  the  aclioii  of  iicidt.  In  ontinar}'  ripening,  tt»o  cveiD 
In  iitln<-i«il  liy  I  lie  iii'(r.iiii'*iHS  pri'M'iit,  ami  ammonia,  leucin,  tyroein,  am) 
several  kinds  of  f^itty  acid^  aiv  produofd.  TIk-  Intu-r  iinilr  witli  ihp 
lime  >a]u,  whieh  up  to  thiii  jwint  have  been  in  conibiuatioQ  with  the 
ciu>cin.  The  acid"  fbniied  iiichide  hntyrie  iind  VHWriaiiic-  From  (he 
lactose,  we  have,  in  adililitm,  laelicacid.  Tlie  pruees-i  giies  nn  at  differ- 
ent nites  u'itli  dilU'rviil  lunds  cif  ehi-cwe,  and  il  miiv  \k'  n\nin  or  long. 
In  the  pn_idiietion  of  ceriuiu  furm^  of  Americun  and  Kugliiih  cfaccsee, 
the  inillvidiial  t<j>eoiment<  are  ttealed  heniietieally  in  tin  h»x(«  and  kept 
at  a  iiiviiniblf  (eni[>cralurc  for  as  lonp  as  four  ymrs,  the  Intxtw  being 
tuninl  i-a'-h  diiy.  The  ordinnn.-  j,'rades  of  che<«e,  however,  undergo 
eom]mnilivi-ly  shr.rl   jHTimlw  uf  riiR'ning. 

Composition  of  Cheese. — The  eomiKisition  of  chcftse  vAiiea  v«j- 
niuoh  aot'ording  to  tfie  iwUnrc  of  the  raw  mat^-riiid  mid  lh<!  |)roc«« 
of  mannfiicturt.'.  Tlie  fal  show?)  the  greatest  variation  in  amount, 
aceordiiit;  ax  the  ohce.'^e  ik  niiidc  fnun  wVioh-  milli,  nkimmcil  milk,  »r 
milk  enrielii'd  with  eivani.  The  nio>?t  comnion  Anierifiui  chtt**-  w 
made  fioili  wliolt^  milk,  as  are  alwi  the  lending  varieties  of  English 
chcow,  as  Clie<ld(ir  and  Clie«hirc,  The  familiar  KtUim  (Dnitrh)  vJm'cw 
is  madt-  fmm  partially  skimmed  milk.  English  Siilton  le  a  tyi»e  of 
cheese'  made  from  milk  eiiri.licd  wiih  i-iisini.  The  cliiisi-  riehpst  of  all 
in  Kit  i.»  what  we  know  an  erearn  ehti-se,  but,  strictly  (■iH'aking,  this  is 
not  ehee^ie  at  all,  being  nnipty  i'nt-U  cnrd  very  rieh  in  fwl  and  not  iiub- 
jwt^'d  til  any  proire.ts  of  ripening.  The  cheeses  jioorcst  in  fat  an?  those 
made  from  skimmed  milk.  They  are  tongli,  dry,  and  of  but  liille  flavor, 
and  snob  a.-  tiiev  iuM'e  is  ineline<I  to  Ih-  miplea>iint.  Ameriwin  elicv*cs 
of  g<H>d  <]nnlity  may  be  siid  in  general  to  enntnin  about  -itl  [larts  of  fat, 
30  of  pmieids,  'M  of  water,  and  the  remainder  sjdts.  'I'iie  iMuliii]; 
KngliAli  I'liwiiie*,  exwpliiig  Siilton,  contain  rather  more  water  (sbout  35 
per  cent.),  and  correspond ingly  lefo.  );it.  Swifw  elK-e-^e  h.is  piiictically  the 
fume  (>omjMMilion,  bill  eoiUaiiis  miher  more  pnUeids  and  eorrespttud- 
iuply  less  fat.  Skimmed  milk  elicew*  are  imrticnlarly  rich  in  proteids, 
containing  often  as  bi;:h  a.i  .^0  per  cent.  With  the  execption  of  thoK^ 
nuide  fnim  >kimiiK'd  milk,  il  may  be  sriid  in  gi-neral  terms  that  cheese 
i*  about  one-third  fat  and  one-third  pi-oleidi;. 

Wthe  many  varii-lii-i  of  rbiiv  put  ap  in  small  bulk,  mostly  for  use 
an  n  relLvh  rather  than  sis  a  substantiiil  article  of  did,  the  Ibllowing 
may  l>e  mentioned  :  HiHjuefort  is  made  fnim  the  pjirily  skimmwl  milk 
of  ewe*;  it  doL-s  not  var\' mncb  in  its  ix-reennige  of  fat  and  proteida 
frtjra  Amcricnn  and  English  cheeses.  Gorgonxola  is  very  >intihir  lo 
Ro(|iM*fon  in  iijiiipiiiiition  and  also  in  llic  nietliod  of  mannfacture. 
Hilh  are  ripened  wilh  the  as'iistaiice  of  moulds,  which  are  mixed  with 
the  curd  with  tlio  jKiwden'd  Iin-jid  crunil>s  on  which  they  have  been  «il- 
ti\:ali^l, imd  (be  ehetwcj'  arc  iiiotnilatod  alwii  after  Ix'ing  fihapeil.  I^rm<-H«ii 
dM«sr  is  trade  from  partly  skimmed  goats'  milk ;  it  is  veiy  rich  in 
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,  wmiains  only  about  half  a^  much  6t  as  Amencan  eheme. 
chcwM."  i)!  «  «>l't  (■liwj*t  (■■iiitiiiiiiiig  rjiliii-i'  iuchv  tliiiii  .Id  per 
atot.  i>f  water  au<l  nt»tui  '£*)  per  i-ciit.  etich  of  iiit  and  proteids.  It  U 
npfncd  Uy  a  pcciiiiiir  {>iik-i.-.-«<  wliicli  giw.i  it  ii  iiiuoli  iimiv  proitouii<.>cd 
ami  ]>eniHntiug  odor  than  ulniofit  any  other  known  vurioly, 

idnlteratioD  of  Cheese. — At  iJie  fir^wnt  time,  tlit-  only  cstt'tmivc 
frirmol"  adultemtinii  of  <'lit'i-sf  cotiniwl"  in  llw  fubsliliiliini  nf  liinl  fitr 
11)1- iiMiiil  iiixl  iirvijMT  kind  of  tai,  I.!iii]  mid  -kimmed  milk  iijIhiihI 
wilii  unnatto  an?  niJxtd  togi-thw,  Iiuitcd  lo  iilHUir  Nil'  F.  in  t;|]ik7^, 
iml  uniulMnnixHl  with  tlie  assistance  of  appTOpriatt-  niacbiuon- ;  the 
ttflCD  u  (.Mil  1^  1 1  ill  IS  1  in  the  luimc  way  n.-<  in  llie  iinliii:irv  priH^rn^ 
diptjio.  Siiih  rhci'sp  i>i  de*i[^iatttl  in  tlv  I'liitnl  Statea 
^Utiititf  it-i  "filliil  i-hiy-<i',"  (vliirh  in<'!ntU--H  "all  mado  of  milk  nr 
^iimmed  milk  wilh  the  admixUirc  of  bnltw,  itnimiil  oiU  or  fiit?',  vcpe- 
ttb^'  iif  any  nlhcr  nil)^  or  corn|)onn<ls  foreign  to  such  milk." 

Adecree  promnlpitwl  in  Bcljiinm   nn  Si'iitcnilH-r  21,  ISflJt,  defimw 

ebeae  an  a  priMlm-t  ohuiiiuil  fiv>in  \nive  milk,  ^kininutl  milk,  milk  co- 

I  tgnlukil   l>y  the  aid  of  n-nnct.  or  iK-idilloition,  or  any  ntlicr  invuliict 

nbtaiiiod  t>y  healing  milk  mixed  or  ntit  with  eoluriQ};  lUitlU'r,  i<idt,  iiud 

f^itiK*,  niid  sii)ijti:Ti«>d  ro  j)i-i'w<nri'  and  fiiruicnttttion.     It  forhidti  tht!  piale, 

m  when  properly  lahelleil  in  "iich  way  a*?  In  reveal  its  tnie  nature, 

(ihww  iiintahiiii(;  any  othtT  ?<nl)sian<v  timn  lliost^  nicittiotu^l,  ^m-h 

ffl oldoniar^nriuc  or  other  fonij^n  Int,  |>iit«t<>et,  and  hiwid.      An  exeep- 

fiun  is  m»do,  hnwi-vcr,  in  lavor  of  [{oi|nclort,  in  which  hr<^ul  cnnniw 

an;  |>n'»ent,  not  a^  an  adnltemtion,  hut  for  the  jrcrving  of  a  usefiil  piir- 

Thc  sale  of  ('hci^w?*  mixed  with  niinend  nialU'r  other  thiin  «ilt 

I  with  antiwiitit^  in  pcnenil  is  forhiildcn. 

In  some  parti  of  Germany,  bi-an  meal  and   |n>lafon*  arc  iisi-d  to 

wme  e?clcnt   w  adiiltcnintx,  and  there  imtl  olwwliere  a  great  variety  of 

rali^tancefi  are  said  to  have  been  u«ed  to  a  gnater  or  hws  cxti^nt   in 

tim&t  pme  hv.      In  gi-nenil,  it  may  Iw-  siiid   llml,  a.-iide  fiMni  laiv!  and 

whiT  fopeigii  fats,  the  only  adulteration  of  any  importanee  eon.-i!«[--  in 

liie  admixture  •>{  pri.*i^rva fives.     These  an-  addiil  more  «>mmonly  to 

Itkiiiinied  milk  choi:'s.e*  tlinn  to  those  of  good  (|uulity. 


Analysis  of  Cheese. 

AetenmnatioB  of  Water. — Cut  the  »pei-inien  into  small  biu  or 

sUee^.     Weigh  out  about  5  grams  in  a  plnlinnui  di.-<h  coniiiining 

mxt  i«r  ii."b'>t'i-  liiier,  iithI  drv  (n  connlnnt  weight, 

OettmUDatiOn  of  Ash. — Ignite  the  ilried  re>iidue  at  an  low  a  leni- 

B|NTamrt!  as  jKH-'ililc,  iiml,  aflcr  I'ording,  note  thi>  incrtaiw  iu  weight  over 

■ihiit  of  the  dish  and  it-i  original  wntent;*. 

Detennination  of  Pat. — 'rriiumte  about  2'>  grnm«  of  the  specimen 
in  a  mortnr  irith  an  e(]nal  hulk  of  fine  K-Jieh  »an<l.  Tmn'fer  the  whole 
Ii>  n  Soxblet  extractor,  and  prwved  iu  the  mana«r  described  umk-r  Uic 
Aiulym  of  Milk. 
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Determination  of  Proteids. — l*nK'«e<l  ui  the  maiiDer  ^veh  under 
A»:iKsi.s  I)!'  Milk,  ii^'iii;;  iilmiil  ■_'  j;r.iiii-  >if  tin-  Kim|>lc. 

Determination  of  the  Natare  of  the  Fat. — Fur  the  detcctioD  of 
('(iri'ijrii  fath,  th*"  nunluK!  nf  |irocoHmv  l--  (Up  fame  as  df-scritxtl  unili-r 
till-  Atialyi^w  uf  liiitu-r,  uikr  ot>tiiitiiii);  (lio  liii  in  u  pure  i-ondition. 
The  r«.iduf  obliiiiicti  in  tlie  detenu  iuaiimi  of  tlw  amount  of  fat  will 
serve  lor  ihii*  jnirpiM;. 

Cheese  as  a  Cause  of  PoisoDing. 

Knr  nianv  veil's,  L-liocse  has  btL-n  known  to  bf  an  tux-aHonal  can?*  of 
xinj^iv  und  niiiiti]ilc  iitx'^i  of  jioisiiiiin^,  iitkI  viiriou.i  lliiiini.'»  tsiniTrniug 
the  nature  of  the  poisonouw  aKtmi  liavc  beiui  [»ronml gated.  It  was  not 
titilil  lSS-1  timt  liii'  niiiM'  w;u-*  rcvi-iiliil  l»y  Pmliswflir  V.  C.  Vniit;hi»ii, 
wliiisf  uttJL'UMoii  »V!p.  ilr.iwn  to  onthiViLks  in  Michigan  during  I^IS.J  and 
1HK4,  in  which  mure  ihau  ;i()0  [n-i-huiis  wcn»  iifli^-twl.  Ho  trii<t-d  the 
wliolf  Ininblf  to  iwclvi-  liifll-rcnt  cbcoce,  from  wvtral  of  which  lie 
iuolatetl  the  poisonous  priueiplc,  a  ptomain,  to  whioh  he  gavp  Ihe  name 
"  (ynitoxiium."  Tlit?  ni'mjitom.-i  oliwrvcit  in  the  r.iiithreak«  rcfiTnil  in 
iudndi.ll  voniiliutf,  di:irrhn>:i.  alHlominiil  pain,  dniK^i^u  and  nin'trietioo 
of  tho  thixml,  fpi'blf  and  irn-yridiir  pulse,  iind  nurkcd  I'viiniwi^  in 
muR'  cuKei;,  vomiting  nnd  diarrhuu  were  followed  b^  marked  aervou« 
jiroatnitioii.     In  winie  tho  pnpilx  wen.-  <lilitt(<d. 

W'ithin  a  hhort  time  afler  Vaughan's  diw^tven',  the  poii^ou  wiie  found 
by  \Viill;ic(- '  in  wniK-  (^hi-i'M-  ibjil  wn.-  the  eanm-  uf  |M>iMiniug  of  not  I(^<s« 
tliiin  ')()  iMTBons  out  of  abrmt  IJn  who  had  tatoi  of  il.  Hie  onset  ]ip|>«ired 
in  from  two  to  four  lioui-is.  'I'lic  nn»l  constunl  and  nevcre  syniplonis 
were  vomiting  and  eiuUs.  Thew  were  KUweeded  by  severe  e]>ig»stric 
jMtin,  cnmiiw  in  ihe  Irp"  and  fi.i-l,  jmrging  itnd  uripirig,  rnutdini'?>8  t^^n- 
cially  niiirkwl  in  the  legs,  and  veiy  marked  proMnilion.  Vomiting  niid 
diiiiThii'!i  In.-tc<I  fn>in  Iwn  to  ivv<'lvf  hourh ;  ebillfl  and  cramjiH  fnira  one 
to  two  hour*.  No  deathrr  ooeurreil,  and  nil  rceovervtl  within  ihrre  days. 
The  -lieverity  of  tho  ^yniptonis  [kik  no  relation  to  tlie  amount  eaieii; 
some  of  (be  rn-vcrc*!  <;iv*w  witc  of  pi'i-^tiii*  who  iile  l"it  spiirinply. 

Tyroto.xi<:on  han  been  found  h^-  otheis  in  eheese,  milk,  and  iee  cream. 

So  liir  lu-"  i^  known,  ehi.twe  iI'mw  not  ni'l  ii>  ihc  i-jirrier  of  piitbogtiiie 
Ixicteria.  Ex|»erimenl*  have  shown  that  the  ordinary  |«vthogeiiie  forms 
wbt-n  inlmdurt-d  into  ohw.-e  retain  vitality  for  but  a  short  time. 
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Section  4.     VEGETABLE   FOODS. 

Tlie  vi^etublc  food«  may  conveniently  be  divided  into  several  cUiueflJ 
&»  follows : 

1.  FurinucMuiii  tvohi : 

{a)  CereaKi ;  (b)  I.ie;gunie& 

2.  Fnrinni'tiiiis  pre|)anitioni^ 

3.  Fatty  t^vA-  (miU). 

4.  Vegetablf!  futs. 
■  MixlinI  NVmv  Jalj  IC,  ISAl,  ^  00. 
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5.  Tubers  and  roote. 

6.  Herbaceous  articles  ("  v^etables  "). 

7.  Fruits  used  as  "  vegetables." 

8.  Fruits  in  the  narrower  seu:^. 

9.  Edible  fungi. 
14.  Soooharine  preparations. 
Tie  wonls  fruit  and  vegetable  are  capable  alike  of  broad  and  narrow 

Ofaninp'.  In  the  strict  sense,  the  cereals,  legumes,  nuts,  and  many  of 
llie  articles  commonly  called  vegetables  are  fruits ;  but  popular  usage 
iu»  narrowed  the  Iatt«r  term  to  include  the  pulpy  substance  enclosing 
lie  seeds  of  various  treca  and  plants,  and  only  such  as  are  pleasant  to 
tile  taste  and  edible  in  the  raw  staf*,  with  the  single  exception  of  t!ie 
quince,  which  is  edible  only  when  cooked.  Vegetables  in  the  ordi- 
luy  sense  include  any  part  of  herl)aceou8  plants,  as  the  stem,  root, 
leives,  and  fruity  products  itsed  commonly  in  the  cooked  state  or 
in  the  form  of  Halads.  Thus,  in  the  popular  usage  of  the  terms, 
Sjiiasbes  and  melons,  which  are  the  fruits  of  plants  of  the  same  family, 
ire  classed  respectively  as  vegetables  and  fruits,  and  the  cereals  and 
Bate  are  classified  under  neither  head. 

First  in   importance  of  vt^table  foods  are  the  farinaceous  seeds ; 
tlwy  are  of  very  high  nutritive  value  and  easily  digested. 

1.  Farinaceous  Seeds. 

(»)  0EKEAX.8. 

The  cereals  include  wheat,  rye,  barley,  oats,  com,  buckwheat,  and 
We.  They  are  very  largely  starchy,  and  agree  iu  general  composition  ; 
bat  they  differ  in  the  proportions  iu  which  their  several  constituents  are 
ptwnt.  These  include  prateids,  carboliydrates,  ether  extnictives, 
■"iwal  matter,  and  moisture.  The  proteids  include  a  large  uumlnT  of 
^ly  related  compounds,  as  yet  only  imperfectly  studied,  which  will 
«  meotioned  in  the  consideration  of  each  member  of  the  gronji.  The 
orbohvdmtes  include  those  which  are  soluble,  sugar  and  dextrin,  and 
™se  which  are  insoluble,  starch,  cellidose,  |»entosans,  and  getnctans 
(H.  W,  Wiley).  The  ether  extractives  include  fats,  resins,  chlorophyll, 
ttd  volatile  oil  "which  constitutes  the  source  of  the  odorous  qimlity 
IM««s«ed  by  the  grain  "  (Wiley).  The  mineral  mutters  are  chiefly 
phjisphates  of  calcium,  and  magnesium,  silica,  and  salts  of  sodium  and 
fUastium.  The  cereals  contain  also  certain  ferments,  the  most  imjior- 
tuit  of  which,  and  the  only  one  which  has  licen  studied  with  any 
tlioroughness,  is  diastase.  This  acts  ujion  starch,  converting  it  into 
ngar.     The  others  include  some  which  act  u|>on  the  proteids. 

Wheat. 

Wheat  is  classed  very  properly  as  the  most  useful  of  the  \eget;iblo 
foods.  The  grain  consists  of  a  hard  outside  layer  which  is  iniH- 
^e<tible  and  useless  as  food,  and  the  cortex,  softer  and  more  friabli', 
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wliii'li  vii'liJi'  flour  n*  mj^li  niifntivi-  vnliii\  TIh'  hjinl  oiiI.ikIi-  I.iver, 
U'liii'li  onii'-tituU'H  ihi-  greater  jiiiri  of  l)r3n,  irritiitet^  the  idinieutaT^* 
<!iiiinl,  mill,  whilr  iiK<rnl  Id  ^^tmc  ojtU-iit  in  r«>ii(litinns  of  imbitiuil  <-i<i)— 
rii{>atiDti,  ffaoiikl  be  avuklotl  in  ;i]l  irrituble  Minditioii^  of  the  bowel. 
Ic  itiii(*»  waste  liy  iitidiiK'  pmniotiiig  jjerist^lnih,  so  that  miirh  of  Ih^ 
iiiitriiivc  |Hirlim)  is  liiirrkil  iiloiijf  iti  an  iiiKlip'.'j't«Ii'<iiiiiiiiini. 

TIte  jiroii>i<ln  of  wheat  im-lmie,  acwirdiiij;  to  OslKiriie  aiiJ  Voorliecs,*] 
II  i^loliiilii),  iin    ]ill>iiniiii,  a   [initi'imf,  ^liiuliii,  anil  ffliiU.-niii.     'Die 
lu^l-nieiitioiKtl  «>ni-titiitP  between  1*0  aitd  ilO  per  cent,  of  the  whole  j] 
in  (he  jirc^^'nct'  of  wfitcr  tlii'V  uiiiti-  tn  (iirm  tin-  vvt\  im{H>rtiiiit  >nK-<tniMT« 
gluten,  !"j  ewicntial  in  the  (inversion  of  flour  into  brcntl.      Aeconlin^ 
to  Wilev,  tlit'V  nitil*'  in  iilniosl  Mjiml  pi^)i«)rlirniH;  Ixii   in  tJic  npinion 
of  E.  Klourfiit,^  the  rlwwr  l\w  com]HH;itioD  of  gluten  upproaches  the 
relation  of  2^  ]ini'ln  of  gluteuin  to  7JJ  of  gliHciiii,  the  more  valiuihic 
lln'  fldiir- 

The  en rhohvd rates  eonstitute  the  ^retiler  |iart  of  wheat  an  well  :ui  of 
Uk'  othei-  (iTittils.     TlicA'  ini.-liidt-  Ktiirtii,  by  fur  the  niwi    intivurtunt, 
cellulose,  t^iigar*,  dextrin,  and  a  number  of  otlier  compounds  of  enm- 
iwrative  nnimiKiriancc.     The  «tjin'-h  pr.niuhi*  nre  excvitlingly  vnriiible   ■ 
in  "izf,  nitipnji  from  aljout  0.0(12  to  0.0'»  mm.  in  diameter.     T1m?_V  are  f 
cirenlar  and  Hat,  .lud  niiiny  of  Ihi-m  show  n  iviicnil  hiluni  and  eon- 
wiKrk'  rinfp.    The  hitter  appear  with  greater  diMinetue;*  in  flour  thai 
baa  been  .luhjiwted  to  heat,  tut,  for  inptunix*,  )ii  (he  Imking  of  eraeker^  ■ 
The  wide  varlatiims  in  wne  are  i^u^t^ate^^  in  I'latc  VII,,  Fig.  I.    Th*-  I 
other  earlniliydrales  exist  in  lint  very  .-malt  piip|H.ilionfi^  ^ 

OompOBitiOD  of  Wheat. — The  vast  numlMT  of  umdvHC:^  (>f  wheat 
show  imjHirtant  v:iriulk>n^  in  the  pereenlap?  of  its  several  oonstjtuenls, 
fur  its  quality  is  influenced  winwdeniWy  by  elimate,  rlmnictt'r  of  tlw;  I 
soil,  ami  other  conditions,  Aeooniinp  to  11,  W,  Wiley,*  a  typical 
Amerieiiu  whwit  of  the  bwt  <pi;ility  shiinld  yield  iippnixiiimiely  ihe 
following  residte : 

Mnidiin' WXflO 

Pn.H-i.l- lia-i 

H  ElliiT  CXI  rare  1-75 

■  Cimk  fil«T 2.-W 

■  8l»n.-h,  vU:   .    - TLSt 

H  Ask    ..-- 1.76 

■  IO0.IW 

Thcsi'  fifTiin-^  ilo  not  vary  mat<Tiiilly  from  ihe  averages  of  n  tni^ 
tiiiniber  of  amdypas  of  samples  of  miscellaneous  orljinii  oonipil<^^l  by 
KiViiig,  I'xoi-ptiiig  in  l)ie  prtiixirtion^  of  inoii<tiin>  and  starch,  in  which 
resiieet"  Wiley's  typical  sjieeimen  shows  suiKiior  \'uluc,  being  Jcs«  rich 
in  tiie  one  anil  rii-hi-r  in  ilie  other  >>onstiti]eat. 

'Arocrican  ('licmirjO  Jniininl,  XV..  p.  392. 

'C(iiii|>tii'  temliiH,  1I4!>^,  f.  V2ti. 

*  U.  B.  DpiiBrlmviit  vf  A^ik-iilliuv,  IKvigiioii  of  Chuniurr,  Bull  IS,  Pkrt  9^  pi  llftk 


Wheal  Siarch.     X  28B. 


Rye  Siarch.     X  283. 
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Wheat  Flonr. 

In  the  manufactuFe  of  flour,  the  wheat  kernels  are  subjected  first  t<> 
I  pnx.«8s  of  thorough  cleaning,  and  then  arc  cracked,  crumbed,  ami 
ftnuud  until  the  required  state  of  finenesis  is  attained,  the  bran  and 
MlxTiindeitirable  portiona  being  removed  by  bolting.  All  flour  ia  by 
Ln  means  the  same  in  composition  and  quality  ;  in  fcct,  several  gradea 
nf  fldur  may  be  made  from  the  same  wheat  by  the  employment  of 
different  processes  of  manufacture.  Flours  are  graded  according  to 
ctJor  or  apjxsirance,  those  which  make  the  whitest  bread  ranking  high- 
(si,  alihougli  not  equal  in  nutritive  value  to  those  classed  as  low  grade. 
The  flours  of  the  several  grades  are  known  commercially  as  "  patent," 
"feraily,"  "  bakers',"  and  other  uames  which  to  the  public  have  no 
sptml  sign ilicsi nee.  Typical  flours  of  the  grades  k^o^yn  as  "  high- 
pde  patent"  and  "bakers'"  should  have,  according  to  Wiley, 
^pnwiniately  the  following  composition  : 

Uoltlure.  Protelds.  Ellier  t^ilract.  Carbohrdnttes.        Asb. 

htea 12.75  10.50  1.00  7fi.25  0.50 

BiW 11.75  12.30  1.30  74.05  0.0(1 

Ttie  average  composition  of  210  samples  of  wheat  flour  of  high  and 
ttfJium  grades  and  of  grades  not  indicated  is,  as  given  by  Atwater 
•oi  Bijant,  as  follows : 

Moisture. 12.00 

ProteidB ., 11.40 

E(hwc«met 1.00 

Oirhohyd  rates 75.10 

A?h OJiO 

100.00 
Iiiirteen  samples  of  low  grade  averaged  aa  follows : 

Moisture 12.00 

Proteidg 14.00 

Ether  extract 1.90 

Carbohydrate* 71.20 

Ash _   0.90 

lOOAK) 

It  will  be  noticed  that  the  high  grade  flours  are  poorer  in  proteids 

*"  6t,  and  correspondingly  richer  in  starch.     Other  gradea  ()f  flnnr 

■"elude  those  known  as  graham  and  entire  wheat.     Graham  flour  is 

■wferstood  generally  to  be  a  product  containing  all  of  the  constituents 

«  the  original  grain  io  their  same  proportions.     When  it  aime  firpit 

nio  use,  such,  indeed,  it  was  j  but  at  the  present  time  it  is  an  unboltcdj 

w  partially  bolted  product  of  thoroughly  cleane<l  and  dusted  whciit. 

Entire  whcsit  flonr  is  understood  also  to  contJiin  all  of  the  original  ci>n- 

Miiueata  of  the  grain,  but  is,  in  fact,  made  from  wheat  deprived  of  its 

miter  coverings.     It  makes  a  somewhat  dark-colored  breati  wliiih  is 

verr  palatable. 

Farnithetically,  it  may   not  be  out  of  place  tii  refer  here  to   the 
ibmird  views  maintained  by  a  large  part  of  the  comnmnity  as   to 
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th«  ini})crinrily,  rrom  »  hrgtrak-  ^taiirlpittnl,  of  foodit  wnlainiu);  nil «! 
lliv  niiMitiKiilJ'  of  tlie  i-crtiili'  from  which  tbry  atv  jirppotvi).  Il  il 
(lifticiill  lo  uiMloTs(ai>d  how  llic  iiiirritivt'  vuliM*  of  iiny  fixiil  intt  W 
in<'ixvL-a'<l  liy  ihf  rt-ri'iitiim  of  inuttiT):  whii-h  urv  oomplett'ly  iiidip-»iil»le 
und  to  u  <'ertain  extent  irritating  to  ibe  di{rt<^tivv  Inu'l.  It  'w  iitjiati 
ihut  nti  iilUM'iH-  (.>(iit«>r  nuulo  ulimt,  fur  fxanipk',  in  tJie  fonu  in  whi'tl 
We  »<■  il,  nnii  tluit  it  iii  not  lor  ti!^  I<>  ntt(!ni|)t  to  improve  it,  si^  viv  lliink, 
by  <liMiii-()iii^  lh(-  ouior  Itiy^-nt.  Hut  tiits  H>rt  of  reatonin^  ini);lii  Ic 
cxtoiukil  Ml  U.1  to  Givor  the  fon»iiRi|>tiun  of  the  ]hh-J  of  uniii}^?',  ^h^ 
bi>ner<  nf  (i^h,  the  f(atht.'rs  of  \nnU,  aiid  otlic-r  innutritions  nnil  un(llR<t^ 
ubKr  Wii-itc  piifKhlrtw, 

FreparatioQS  of  Wheat  Flour. — Bread. — Kir»t  in  ini[N>rtimrr  of 
|)k-  |ii'(-[itirutiouM  uf  wliuit  ttdtir  U  hrifid.  In  th«'  broud  ncn^,  htnA 
iiii'bidf-s  idl  fomiH  of  bakt^l  flour,  wbi-ihcr  kwvun-d  or  unh^ivi-nol ; 
ill  the  roiiiinon  u^e  of  the  term,  it  inekuIeK  only  thiiw  in  whk'h  Iiavm- 
iii^  iijifC'nts  an-  ui^cd,  tb«  otlier  fnniiH  being  (livignated  ns  )>ik>4  htai, 
(■nieJ(i'P»,  biM.-uit'<,  etc. 

The  !ula|tlability  of  wheat  flour  for  brmd-ninkin^  \f-  diw  to  its  ^uM 
oiiilriit.  This  Kiilintiuiee,  by  reason  of  itJ-  teiianty,  ic  «'n|iiibU-  I'f  m- 
tant;)iii)f  the  gjw  generated  in  tlie  proeerts,  and  by  n«K>D  of  iti*  wdiiM- 
vntion  by  biiit,  fiiniishi's  a  jmrtMis  or  t^JwiiK)"  prmluri  uu-ily  jM-nrtrelrt 
and  acted  upon  by  tlie  gufitric-  juice.  Xol  all  ivrcak  are  camblf  <<f 
being  umde  into  bri'sid,  r^iniv,  n»  will  be  xe«n,  in  niiMt  of  ukw  ibb 
vexy  efweniia]   agent   is   lacking. 

For  the  |in-]iinntion  of  brwid  of  goo«l  tpinlily,  the  flour  slioiild  ««i- 
tain  not  nnieb  tii  cxei^iw  of  the  avcmgc  iinioiint  of  nioit'tnrc,  nixl  iJiniita 
\m  fto  mhesivi-  tbut,  nfier  l>eiiig  eoni])n-N^Hf  in  the  Imnd,  it  will  kwji  iw 
ohape  on  being  rcb-aMiI, 

In  the  ni^kin^  ijf  bixsid,  the  flonr  is  niixMl  with  warm  water  or  mil'if 
Mill,  and  ywint,  knt-aded   into  a  i'lifl' iknigh,  imd  .*et  aside  hi  ii  ^raf" 

Cee.  The  yeast  attaoks  the  (iugar  and  splits  il  into  aleohul  aiid  ff' 
lir-  iH^d  gn^;  the  hitler  by  il»  evohition  and  ex|ianHk>n  oiiiit«B  ^ 
dough  to  iK-eonie  porous  and  lo  "  ri"*'."  The  fernieiitiilivc  pn*"* 
given  ri.-*c  idt«t  to  variidile  amounts  of  hielie  and  aeelie  aeitlK  Tli* 
niisdl  dough  w  then  Ixiked  in  Mitinble  paiix,  ami  it;;  [iof\m»  i-hiind"* 
y  inoiVAMd  by  the  fiiriher  expansion  of  tlie  gas  by  bent  and  i;^  iiiai' 

rnmiiinent  by  the  milklitinition  of  the  ghiien  by  lhi>  Hitnie  inflmin 
f  the  lernientntion  is  nut  alluwc<l  to  proceed  Eir  enough,  the  iwulti* 
Imnd  will  !»■  wggj'  or  "  liwvv  ";  if  toti  liir.  it  will  be  N>ur, 

III  plac«  of  yeust  a«  a  kvivening  ngriil,  bH-arbonitt*-  of  midiuin,  cool 
ntonly  known  in  tlte  hmt^liold  :is  .'odenilits,  an*)  hakuig  |Hiwder>'  ni 
Hn|ihiye<l  veiy  extensively.  For  the  evolutimi  of  wirln«iie  lu-id  \gl 
fi^iin  MHlium  biitirlHUinle.  the  presence  of  un  ueid  is  neces-arv,  aiu)  tlil^ 
is  Mt'iired  by  tW  iw  of  mwt  milk.  First,  tin-  flour  U  mixtd  lliott 
(Higlily  with  the  liii-artxHiiite  mid  ihm  mtnle  into  «  dungh  with  tliv  uiillB 
Ilreatl  muile  hv  (his  pntev^^i  \r^  rarely  of  good  ijualit^',  i^inee  it  is  iliflkul 
f  >  detertuine  the  pi>>]H-r  nnionnts  of  llic  two  np-nt-i  for  tli«-  Uvt  n^llll 
and  any  cxo-w  of  thv  bieurtMitiate  iiiiii>i-»  di^iwlunitiun  and  dhiagrceabi 
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flavor.  A  better  plan  is  to  employ  baking  powder,  which  cousisbi  of 
aodium  bicarbonate  and  an  acXA  salt  combined  in  rtuch  proportion:^  that 
lUof  the  available  gas  in  set  free  from  the  alkaline  salt  and  no  unplea^- 
intly  tasting  residue  is  left.  The  only  advantage  possessed  by  baking 
povders  is  the  saving  of  time  and  labor ;  the  resulting  bread  is  dis- 
tinctly inferior  to  that  oiude  with  yeast.  The  comjwsition  of  the  vari- 
«tB  classes  of  baking  pow<ler8  will  be  stated  farther  on. 

Another  process  of  securing  leavening  is  that  of  spontaneous  fermen- 
tition  brought  about  by  the  enzyuies  present  normally  in  Hour.  This 
prooe»4,  known  as  "  salt  risiug,"  is  not  in  common  use,  requires  much 
owre  manipulation  than  any  other,  possesses  no  advantages,  and,  there- 
(tre,  deserves  no  further  mention. 

Freshly  baked  bread  is  much  less  digestible  than  that  which  has 
bem  kept  a  day  or  two.  Its  softness  favors  its  clo^ng  during  mas- 
tication into  a  close  mass  which  Is  attacked  less  easily  by  the  gastric 
jaice.  In  this  country,  however,  it  is  the  almost  universal  custom 
n  eat  bread,  particularly  in  the  form  of  breakfast  mils,  not  only  in 
4e  fresh  cimdition,  but  also  hot  fmm  the  oven.  When  bread  is  kept 
fcc  a  day,  it  loses  pjirt  of  its  moisture  and  acquires  increased  firraness 
iBd  friability,  whioh  help  maintain  its  porosity  during  mastication. 

Bread  may  acquire  unwholesome  properties  on  keeping,  due  to  changes 

brought  about  in  the  presence  of  moisture  by  micro-organisms.     Good 

bread  is  only  slightly  acid  ;  but  if  kept  in  a  moist  state,  it  is  likely  t^i 

Wnme  markedly  so,  and  then  may  cause  gastric  derangement  and 

diirrbcea  in  those  not  habituated  to  its  use.     Bread  in  this  condition  is 

ndei^iing  fermentative  changes  that  are  hastened  by  the  body  tem- 

pmture,  with  consequent  evolution  of  gaseous  products  which  cause 

htalence  and  discomfort,  and  of  irritating  compounds  which   induce 

^minal  pain  and  diarrhoea.     Bread  made  from  old  and  partially 

^ed  flour  is  likely  to  have  a  distinctly  sour  taste  and  to  be  unwhole- 

Knie  in  the  manner  above  described.      Mouldy  bread  also  is  likely  to 

bet  cause  of  digestive  derangement. 

OoupoBinos  OF  Wheat  Bread. — Since  wheat  flour  itself  is  of  vari- 

j  tbl*  composition,  and  since  in  the  domestic  manufacture  of  any  article 

rf  food   the   processes  employed  are  subject  to  slight  or  considerable 

ttiations,  analyses  of  wheat  bread  necessarily  must  show  great  differ- 

■ees  in  the  proportions  of  the  several  constituents.     Averages  obtained 

W  examination  of  samples  of  all  sorts  aud  of  miscellaneous  origin 

M  hardly  represent  the  composition  of  bread  of  gcxxl  average  or  high 

l»lity.    Wiley  gives  the  following  as  the  approximate  composition  of 

'"typical  American  high-grade  yeast  bread  made  with  the  best  flour 

«d  in  the  most  approved  manner :" 


Proteida 

Aoli                  

Hber 

(krbohjrdTatca,  other  than  fiber -'i4.45 

"100.60 


FCOM. 


Fwm  analyses  of  bread  nmdc  from  three  sorts  of  flour  t'pom  tb<s 
!«aiu«  Uit  of  wlnfit,  imiiU'ly,  "ifmlium,"  "i-nlin.-  wliwit,"  mitl  "ixitwil," 
Professor  II.  .Snyder '  i^bows  that  tlie  Diiro^n  ounietu  is  higlxsit  in 
^raliiiiii  iiml  tiinisit  ill  jniU^iit  Hmir ;  liiit  hi.-  dijiivtiiiii  cvgH-raiirDl-- 
prove  tliivt  till'  littler  ha^  tlie  hi^he-l  propurttoti  of  digetlible  (available) 
]Hroteiu.  The  lowtr  digft*tibility  of  the  jirot<'in  of  tin.*  otiwo  is  dm-  ti» 
tliv  fact  thul  liolh  have  n  (T»L#id(Tuhk'  |iru|Mjrtiuii  tif  that  rouf^titudit  id 
tlie  eoarser  piinicles  (braii),  and  tliiit  tbi-iit-  ivsist  thi*  a^ti^m  of  the 
digtwt^ve  juii'i^s  iiiid  eHi-ii}»f  dig(^«tiuu,  to  that  the  i>y«teni  derive*  Ie» 
enerRj-  therefi-om. 

Tout. — III  ihi!  |>r(MN.i**  of  t<jiutiii>;,  11  laiTJt'  jiail  of  Ibc  iiioistiin-  is 
ilriveii  otl',  the  n^urfaecs  are  soiii-lied.  ^'attT  Aruiiie'H  U  actjuired,  iind 
tlie  jiniiluct  U  mitre  eiL->ily  dl^vlihle.  Ciood  I<hl«1  miiiiioI  lie  iiiiide  fmm 
perleetly  I'nvU  bivad,  mi  aeomiit  of  tbe  iiioi^iure  prvseut.  wliich  catUKV 
Hog^finerv  ;  it  laii  Ik-  iiukIc  ciidy  t'liitii  bruu)  ut  li^^u^t  ii  <l»v  old.  The 
!<Jioi~'  Nbuidd  not  be  thick,  bUice  then,  vvhih*  llie  surlhoe  is  seorclivd,  iIk 
iuterior  aeouire-*  inoiiiL-nl  .-uiftne.-s  under  tlio  action  of  heat  and  be- 
eonuTi  li'.-w  dijrt^'libli-  thuii  the  orifjhia]  bi"wi<l. 

Rosks  are  niiicli  like  tii;i»^l.  luMi-ud  of  beiii^  »iibjected  to  the  du*ecl 
m!ii<jii  of  hot  ciiali*,  the  browl  shees^  wre  btd(ed  tor  a  lime  in  a  nKMlerBtt-ly 
hot  uveQ. 

PiiU«d  Bread  i^  the  nniiiib  of  OeHhly  biiked  loaves  pulled oiit  in  snioll 
lua^-^ei^  and  Ixike^l  nj^iin  like  nii^ki^. 

Cnckisn,  or  bUcuits,  ;in-  jingmratKni-H  inndc  from  iinlnix'encd  dough 
and  linked  so  dry  jl-  to  Uv  brittle-.  They  keep  well  fur  a  long  tiim; 
without  busing  their  gHiLiliibility.  If  not  |in>j«rly  .''tored  and  Rii«d  for, 
Ihey  may.  of  eimrse.  beeonie  diimp,  uiiiftty,  and  mouldy.  In  oonijiotti- 
t.itin  they  vary  but  liiih-  from  .the  lionr  of  uhieh  they  are  made  ;  tliey 
are  drier,  ami  what  tliey  lack  in  moi^tniv  they  inaki'  ngi  in  fiit,  whieli, 
in  the  tin-jii  of  butter  or  lurd,  is  added  to  prevent  tbem  from  beoomitig 
too  hnnl  and  dry. 

Other  pr<'|iiir.i[ioiiB  of  wheal  fli>ur  inelude  eakei;,  whieh,  on  luvonnt 
of  the  coiitjiiiiicl  liiiiti'i-,  ty3£>,  and  Miptir,  jin-  rieher  than  bread  ;  [laeliy, 
whieh,  on  iieniunt  "f  its  voatout  of  hird.  i*  more  diffienll  of  digvslion  ; 
and  Hour  pudiliiijri,  which,  beinii  very  "elorte,"  rci|nire  mueh  time  for 
dig(7!tioi>  and  olWn  cnu^c  t^msiition  of  weigJit  and  ogiprBHsion. 

Macarooi,  spagbettl.  and  vermkeUi  ai-e  prepanitions  niade  with  liard 
wheiil  rii-lj  ill  |.<^tMteii.  Thi-  Hour  i.->  niiiile  into  a  al'ift  {note  with  Imt 
water,  and  the  eomfxumd  then  ik  pi¥-«ie>il  through  holes  or  moithls  in  a 
iiiciai  plutv  and  driitl.  They  an>  exeeeditigly  niitritioiia,  but  they  are 
not  as  eapy  of  iligewtion  iw  other  girejianitionM  of  wheal,  im  n«vmnt  of 
llieir  eld-n-mw^.  They  wei-e  fin-t  made  on  a  small  hmIc  in  Sielly,  but 
now  are  proiliK-ed  in  enormous  anionnl^  in  Ifalv,  Kr.inee,  Oermnny,  and 
other  eouiitries.  In  their  nianiifju-liire,  Amerimn  wbcabi  are  not  held 
iti  lii(rh  ewt^rrii,  i.vintainin)r  uoi  sufficient  gluten  and  trti>  nmeh  starch. 
The  best  wheat  for  the   piirgxwe  oonnw    from    h    [HirtieulMr  di^trkit   in 

'  DiillctiQ  No.  101,01Gl-v  al  Exiwrunnnt  Stations  l*-H  D»imrtiii«irt  of  Afcrfcnlluiv. 
1»01. 
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WHEAT  FLOUR. 
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Lii.'ob  and  fnini  Al^ria.     I-'omicrly,  ii  gniin  from  tmiitheni  Ilnly  wii« 
rt^jrilwl  iLv  ilw  nnH  ■'iiiiubli'. 

Adulteration  of  Flour. — I'p  to  within  comparatively  Te*.\-M  yeant, 

floor  Iw*  not  Ijwii  miifli  iMibjwjl  in  ailiilU-ruti'in.     Oawjsiymilly,  ctrHiin 

mlnt-nil  subsliiows,  as  majfiie-iuni  earbonatf,  )iy|)8um,  and  g^i^uml  chalk, 

\javr  \>evn  n-p<.>rt<Hl  m  Kiinipciiii  »iuii|ili'.'< ;  but  !>\w\i  luivo  Ih-cii  I'lnplnvul 

|8.i  aJiilu'Tstniii  very  rurc-ly,  if,  iodcotJ,  at  uH  in  ADient'Uit  doiii>.     Alum 

bwii  uiMihI  ^•iiiii-tini(!>  in  fl'iur  of  inferior  <jiuilily  lo  imjirovc  ii« 

or  to  check  bcgimiiii};  tlu-umi Munition.     Whelhi-r  lhii«  iidditioii 

ItiJijn-tioiiiilili-  fiiHa  a  hygienic  nIiUul|M)inl  i.-.  ji  suhj^ci  over  wliicli  there 

i«>)o?iilnl  dir^i^reemeut.      It    ifi  Ix-Ik-veil  by  suiiK-  ihiil  the  iniioiint  of 

alum  added  U  .Hiiltieiwii  to  exert  an  iajuriouH  effei-t  on  the  digestive  tract 

tiaauniunt  of  ibt  astriugvut  action, uiul  to  briii^  alioiit  c-mniifuitioii  mid 

•it^pepna ;  otJiPra  believ*-  that  it  am  <lo  no  luirtu  whiitcvcr,  either  to  ihe 

|iim<iiincr  or  to  the  nutritive  viihie  of  tJie  fiMrtI ;  and  ntill  othcis  liuld 
ihm,  while  it  \^  not  injurious  to  health,  it  le^i^eus  the  uiitritivc  vuliic  of 
ik  Sour  by  tiinning  tiL'<olnI)h-  ahuniniiui  |ih<in)>hale,  and  thu>  de]iriving 
ihc  gystein  of  the  plio-'phiite''  which  otherwiM!  wouhl  lie  iilixirbed.  It 
'» a  fai^i  tiuii  Hour,  trttitiil  uicli  iilnin  ifii  luseonnt  of  iK^iouiuK  deterlom- 
li"H,  lia!«  cjiii^-d  uiitoWTirfl  eirccf*.  but  it  would  be  inijH>>.-'iblf  l4>  delwr- 
luiue  how  inuuh  inflneni-c  ^h<iidd  be  aiicrilie<l  lo  the  aluiu  aiul  how  much 
to iIk' piwlucts  foniied  bv  the  feriiieiiiii(ivei>mtH^t»(s<  in  ii|>(>riiiion  belore 
till' uddit ion.  The  weight  i*f  evidtmce.  however.  Is  in  favor  of  the  view 
thai  ahim  !.->  not  tiuiijKihli-  of  prodndiig  injury  when  takm  into  the 
Vfiteta  liahitually  in  ^mall  amount.^,  mid  tliat  it  should  be  excluded 
finiu  all  urlii'kv  of  fiHHl  iotrmU-iI  lor  num. 
On  acooutit  of  the  growing  tenilency  to  mix  other  mill  pi-o<luctfi  of 

Iioferior  value  with  wIrmI  flonr,  -"ueh,  for  itislanee,  as  lye  aii<l  i-tira 
flour,  a  law  ui«s  passed  by  Congress  in  June,  189S,  to  meet  the  evil, 
aiid iniidentallv  to  make  it  a  somi-e  of  n'venne,     .All  adulterated  flour 
if.liy  the:!!-!  ivferrwl  to,  def<i);iiate<l  ii»  "  iiiixwl  Hour,"  whieh  term  "filinll 
be  under<itood  to  mean  the  f<t<Kl  pi-oduet  made  from  whcLLt  mixed  or 
I'icnded  in  whole  or  in  [Mirt  with  any  other  ^liii  nr  other  m:iteriiil,  or 
[tli«rnanuliietun?d  pro<luet  of  any  otiier  graiu  or  otlier  material   than 
*haL"      Under  the  jirovi-tions  of  tin-  law,  all  jKiixoiin  injpigi'"!  in  the 
nnem  of  making  mLxed  flour  are  required  to  pay  a  <-|HriaI  annual 
['hj,  everj'  paeka^>  Hui>t  lie  lal>elled  plaiidy,  the  names  of  tlie  ingred- 
»llt»  being  mtI  forth,  and  upon  ever\'  package  of  I  flli  |MiundN  u  tux  of  t 
c»nl«  sliali  lie  paid.     Under  the  n-gnlations  of  the  Treusun-,  the  term 
"mixtil  tluur"  li  hehl  not  t<)  inelnde  "liie  milling  pnHluet  fmm  com, 
n-e,  biickwhi'at,  riee,  or  other  <*ii>al'*  than  wlieat  put  upon  the  mnrket 
H>  the  Soiir  or  nicwl  dcriveil  fnim  .•ueh  cereaU,  although  the  produet 
^lay  contuin  a  iwrcentage  of  wliesit  flour." 

The  detection  of  other  een'jiL-  and  starehes  in  wheat  flour  is  aceom- 
tdiiluxl  l>P«t  by  means  of  the  mierowHjjic,  sinw,  ii.-'  will  ap|H-ar,  iiic-li 
m»  its  eharacterii-tic  appeju'unef-.  Aecording  to  Vogel,  "i)  |m?i'  cent, 
alcohiil  eofilH tiling  .'>  \tvf  eeni,  of  iiyilrtM'hJoric  aeid  n^mains  colorlesa 
being   used   to   estrac*  pure  wheat  or  rye,  turuis  iwie  yellow 


if  liariey  or  oats  be  present,  aiicl  orangc-jellow  if  mixed  witli    pvik 
Hour. 

In  vxtcnial  fi|>{K-iiTiitic«,  ire  preiciil.''  a  cloiw  resemhlaaoe  to  wbnU, 
Itiit  [lie  kernok  an>  darker  ii]  color  and  flimllor  in  »!»-.  It  iii  by  no 
iiii-iiii-v  fij  ijtijMHliini  as  whmt  a^  an  artide  of  food  in  diis  coiinin.',  tnit 
ill  Kuniv  [urts  vf  Europe  it  oonistitulcs  the  uuiii  food  »up])h'  of  ibo 
peasantry 

AwHinling  to  \Vil«y,  u  typi<Ml  Amtn-icaii  ryv  «bould  have  uppros* 
imatcly  the  following  oorapoiation : 

Moiatutv.                                          ,    .  10.50 

PmliiiU  .    . \Z2a 

EilitT  t'^tiai'l            .    .- l.ft<> 

Lrutlc  lihve.                          ....    i    ...... 2.10 

Wiarch,  i-'U-. .   .. "1.75 

Ash l.W) 

lod.w 

AniiTJi'un  rvi'  i^  Kiniilkr  tbiiii  tliiiL  gn>wn  alimad,  and  contains  ]esa 
moi)4tiirc  Tbc  proteids  of  ryt-  arc  luorc  likf  tbow  of  wbtwt  tbiiii  those 
of  jiiiy  "tber  oei«il,  and  in  itniwipicnct-  ryo  stands  next  to  wbeat  in 
iKliipInbilily  for  brciwl-mjikitip,  Tbc  yield  of  (jbitwi  U  inferior  in 
ainouni  to  Uiat  obtainable  ti-oni  \(lit'al. 

Tlic  j'tJiR'b  of  lyc  i>^  iTiucb  like  ibiit  of  wbmt.  The  grannW  are 
rather  more  variable  in  nine,  the  smalleet  of  cjich  kind  beinp  alxtut 
e<)Uat,  but  the  lui^wt  of  rj'c  sunicwlisil  siiq «■.■<.■<! iiff  llio.'^'  of  ultoul. 
Tin-re  is  bnt  one  jKiint  of  difti  rcnee  in  iiiieros«ipic  apptiiruncc  which 
has  nay  value  in  detfctinjr  the  admixture  nf  rye  wiib  ubeat,  nanwly, 
tiiiit  II  eerlaiii  fair  proi>ortion  of  the  hirgcr  si/etl  Rninuk<)^  of  rye  ]ir«wiit 
irn^ular  cmiiecj*  or  fnntiin-f,     Tlii.-  i.-"  ilbiftnitwl  in  Plate  VII.,  Fig.  2. 

Hiiiid  niiidc  from  rye  flour  ic  l)Ut  little  inferior  in  nutritive  vahie  to 
lliat  from  wlieiit,  linl  it  i.-  le.-x*  plntnin^  to  the  eye,  lieing  of  a  brownish 
tint,  and  it  ban  a  peculiar  wjur  ta«tc,  not  iiltopellier  iigrecable  on  first 
uecpi.-iinlaiKV.  Not  uncommonly,  it«  use  by  one  not  babituiitnl  to  it 
causes  a  teudenev  to  diarrlioni,  Hbieh,  however,  is  soon  overcotne. 
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Barley. 

TTiis  important  wi-eal  is  used  mainly  in  the  matiulaeture  of  beer,  and 
but  to  a  limited  extent  iin  »  fi^xl.  Deprived  of  its  busk  anil  n)uride<l 
and  polished  by  attrition,  it  is  known  «>  "  |K!irl  liarley,"  and  in  this 
fom>  is*  HM.1.1  more  or  l<»»  in  tlic  prcjMi-alion  of  Irarle^'-wattT,  a  drink 
for  invalids  In  it*:  composition,  barley  w  %'ery  ."iniilar  to  wheat  and 
lye,  bnt  a.*  iis  prr>teid.-i  yiokl  no  gluten,  it  cannot  be  nifidc  into  hnml. 
It  i*  mixed  wm*-tinic»  witb  wiicMt  Hour  fur  ]iiirjHi.*es  of  brcad-nuiking. 
but  the  product  is  less  palatable  and  lees  digestible  tbiui  onliuar^' 
bread. 

Wiley  gives  the  folloning  nn  the  uppmxinmtv  compo^tion  of  a  typi- 
cal .'Vniorii'sn  unhulUtl  barley : 


PLATE  VIII. 

Fig.    I. 


^sv 


Barley  Starch.     X  28B. 


Fig.  2. 


Oats  Starch.    X  288. 
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0^75  14/J 


Uobtun- 10.86 

VixAAk 11^ 

EUicrrsmcl.       Ufi 

CnrfeftWr S.85 

Soreli,  tw 69-'Sa 

Atfa , ■  2.W 

ICMXOO 

The  proteids  include,  hh  in  nil  eeixvils,  u  numlxT  of  complex  tnb- 
ataiMirw,  I'JiH-f  ot'  wliieli  U  hfirdein.  The  starch  graniilefi  are  like  tliose 
of  whcnt,  but  are  less  viiriuhk-  in  »iw.  {ikv  I'liiU-  \'ll[.,  tlj;,  1.)  In 
the  iitai)  It  fulfil  If  of  niall  li-oni  barlcv  for  brewing,  a  peculiar  niirogo 
t«>ii*  product,  tliiittta^c,  is  tuniivtl,  which  has  llio  pii)]>crlv  of  converting 
stsreh  to  sugar. 

Oats. 

Oatu  nn-  niiich  uaed  as  hiirnaii  ('"wd  iti  the  form  of  oatmeal,  which  in 
the  prothict  "f  jrrintlinn  tlic  kilii-ilricil  siitln  dcpriviil  of  tlit'  hunk. 
The  mtal  \ul^  a  pMniliar  ta'^H',  whitli  in  both  sweet  and  hitler. 

The  nxnpoHitiuD  of  uiibiiUcd  Aiucricvu  uiil^  as  pvea  by  Wilej, 
is  as  folhiWA : 

HoitfnK 10.00 

Pmtid» liM 

Rlhrrvitncl 4JW 

t-nulc  fiber 1100 

ituivh,  «ic caoo 

Aih __3M 

100.00 


The  mean  oompotution  of  natnieal,  aocordin^  to  Birth,'  in  aa  follows : 

MoiMniw 12.03 

Pruieid* ....• 11.73 

Fkt <1.04 

Butu 2.S! 

Dniria  and  inun ZfH 

Slarel. 61.17 

Rbcr 10.8a 

Aah 8.0S 

100.00 


^V  lite  proteids  of  oats  yield  no  jclutt^u,  and  hence  thin  artic^Ie  of  did 
^B  cannot  he  mailc  iut4>  bnnil,  though  with  water  it  mn  be  mailc  into  thin 
^P  cakw,  wliioh  arc  most  palatable.  Fat  Li  present  i^  grtater  nbiindiinoo 
^^  than  in  any  oilier  it-rml.  The  sliircli  unitiuUv  ur-  vcrv  firuiU  jmly- 
hiflra  which  slmw  neither  liihim  iinr  concentric  rings.  Thev  tend  to 
aidherv  logcther  in  in!U«ses  of  vnriiililc  di/c.  which  are  dii^inli^miiil 
viixilv  hv  iritiimt.ion  in  a  mortar.  The  suigle  gniuule^  are  shown  in 
Phite  VIII.,  Fig.  2. 

OiUnral  i;*  a  vi-n-  nutritious  article  of  diet,  used  liir^rly  ii»  a  brcnk- 
fiuct  Ebod  in  the  form  of  porritl;^-.  It  Im.-*  a  .-"onu'what  laxative  action, 
and,  therefore,  should  not  Im  eaten  in  irritable  conditi<niK  of  the  bi>wei. 
It  if  aW  likely  to  disagn^  with  some  dysp^tics,  because  of  ita  ten- 
dency to  raiL^M^  nciility  and  himrtlnim. 

*  Food*:  Their  CoiiipiMilion  swl  Aoalj^  i^ad<m,  Hm,  p.  2ia 
1» 


HG 


FOODS. 


Ooiu. 

Ill  the  vViiiericfiii  iisige  of  the  wonl,  ooru  inrluiW  the  several  varie- 
ties of  Indiiii)  ci^m  or  maixe.  In  Kn^land,  the  tomi  U  ajiplinj  gt-iirr- 
nlly  to  whwit,  rvt,  wjit«,  ami  hiirV-v,  ud<I  tiiort-  Rivft-ifiwillv  to  wheat;  Itt 
SootlaDcl,  it  coiuDioiilv  iiRiniF<  outfi.  lu  the  l.iiiief]  Hlaiei',  cnni  in  in 
iiiiiiiy  wiiVH  thi-  iiiiHt  iiii|H>rUiiit  of  tJn;  iitmil.s  iiMiMtitiiliiit;  in  Ntntir 
[Mtrtfi  of  tile  couutn'  the-  chief  breiid  food,  und  bcinji;  the  Diain  eourn^ 
uf  -Htaiv.li  and  glur^ine, 

Thp  chief  varictJiK  arc  dt-nt  coni,  »hi)wiiig  n  dcpi'craiun  id  the  outer 
end  iif  tlip  koriicJ ;  flint  wtrn,  Iwving  a  hiii-d  smooth  fxtcrior;  nwwrt 
iKirn,  rich  in  Ktij^iir  and  ^'hrivi.'llinj,'  wIicm  ripe:  and  |u>p-c<.ini,  n  ^~crv 
llint>-  variety  with  smuU  kernelfi.  wliich  contain  n  coDtiiderahle  amount 
of  oil,  which,  iu  the  proiv.-v  of  roiL:<tiii^,  explode.-*  ami  euti!>4^«  the  cxtni- 
^uti  of  the  ^turchy  interior  iu  the  form  m>  uuiverr^illy  familiar.  Tlie 
variety  in  niont  common  U!h-,  from  which  llic  several  kind<«  of  nipol, 
hominy,  and  wiinp  an-  <ierive(i.  is  the  fhnt  corn.  Hominy  U  the  prod- 
uct obtained  by  j!;rindin;j  coaist-ly  the  kenn-ln  dcprivt^  of  the  hull  hy 
tunii'wg.  iSainp  is  ih?  whole,  or  pnietiwiUy  tlie  whole,  of  the  kcnt?l 
minus  the  germ  and  hnll.  Indian  meal,  or  corn  meal,  is  tlie  pivwluct 
ol>lnin<*il  by  firindinfj  tlic  kernel."  lictW'ecii  -'lones  or  by  oihcr  pnHivx* 
of  inilliug,  and  removiii);  more  or  lead  of  tlie  bran  by  wifting  or  bolt- 
ing. At-eordiiig  lo  the  pit«v»n  employol,  we  liiive  i^iarse  und  fine,  and 
white  ami  yellow  meul.  I'ri'ixired  wHthont  removal  of  the  perm,  which  is 
rieli  hi  oil,  the  jinKlii<:t  is  jumiic  to  bewimi-  niiicld  and  nionkly  on  keeping. 

From  a  targe  number  of  aiuilyw*,  Wiley  deducee  the  following  as 
the  uppmximate  Ooniixisillou  of  lypie»l   Indian  iiom  : 
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MuiFtliire ■ tQ.i5 

Protcids lOuDO 

Elhpr  cxinct U5 

fniili-  fihpr I.T5 

auTdi.M- Tl.T* 

AkU \M 

loaoo 

The  avcrtgc  of   19  niutlyHttf  of  mnipl«a  of  sweet  corn  by  Cliflord 
Riobardfion,  quoted  by  Wiley,  shows : 


Moixturc .  ,  , 
PnileiiU  .  .  . 
Etlitr  uxinol 
Crad«  fiber. 

SUTCh,  MR  . 

Aab  .  .  - 


The  compoeition  of  iii»  meal  is  ^nven  by  Wiley  as  followe  : 

MmslinT ..,-,.        ...        -    ,    ,    .    19.67 

IVnifid.  ...  7.ia 

Eili.T  .'iTract 1.33 

T'lUil  mrbubydrali^  78.S8 

A«h ._   0.61 

100.00 


corn  Siarrh.    -•   2S*- 


FVfl.  o- 


Bloe  Siaix-h.    X  SSS>. 


The  lowvrwJ  ptTrtiititj^  of  protoitU  utui  fate  huro  sliown  nn-  duo  to 
the  removal  of  U»e  germ,  rich  ia  tul,  and  of  the  finer  envelnpes,  rich 
ill  [►nUtiil*.  ^ 

The  proleids  of  corn,  as  tictermincil  bv  Cliittenrleii  ami  Oslxinif,  are 
in:t<)o  up  (tf  ^ovt'nil  iflubiilinf,  inrUijIinK  myofini'  iind  viu-IUiie,  two 
cliiwMW  nf  allumiMi?',  uuil  two  i>f  wiiir*.  Till-  "tjirch  j{rutiiilc?  nn-  pulv- 
hedral  wiih  munded  angles,  and  hnvo  a  punctjform,  sometimes  stellated, 
hiliiiH.  They  iiro  niin'li  liu)^-r  iluiii  thoHc  of  iulls  wbi(-h  they  r<.'iN>iiihl« 
miniewltat  in  fomi.     They  are  shown  in   I'late  IX.,  FiR.  I. 

On  atxiMitil  nf  iti«  (li'liei«'ney  in  ghiten,  <i>i'n  mad  h  noi  \vo\i  aiJiijrted 
to  (he  malving  of  leuveneil  hrcad,  btit  i(  if  ii>seil  in  ruuiiy  forms  vt'  »iib- 
i4ilui(ra  thi-refnr.  It  is  mixed  with  salt  and  water,  iwnietimeH  with  the 
addition  of  milk  or  vf^,  ami  lisiUwl  inio  not  over-Uiick  cnkc.*,  which, 
aceordlQ;;  to  the  metliod  of  prepiiralioit  and  baking,  are  known  as 
johnriviukc,  ooni  di."ilip.>r.  <iini  |iiinr,  iind  i-nrii  lirf-ad.  StiniHinu-s,  yeast 
simI  baking  powder  are  employed.  tVim  niL'ul  is  ii^fl  extcu'^ivfly  in 
the  form  of  ha.«ty  ])ndding,  or  mm  nittsh,  and  of  Indian  pudding.  In 
^H    whatever  lorm  ttscd,  corn  meal  is  a  moot  nutritiuus  and  wboltKorni'  lood. 

'  Ri(xt  is  tht-  princigrd  fijod  of  a  vt-ry  Ijirjji*  part,  ustrninted  at  ;il«iut  a 

^^  third,  of  the  human  luee.  Being,  a*  will  be  seen,  too  ixior  in  proteids, 
^B  Cil,  and  niini>ra1  matter  to  .lati^fy  alone  tlie  n«cdH  of  tiie  IxKly,  the  <1^ 
^^    ficiencies  are  met  by  otlier  vq^etable  products,  a«  beans  and  peas,  wliiili 

I  are  rieti  in  the*-  eoiHtilueni.-^ 
The  form  in  which  ri*t  i^  seen  in  (he  liotisebold  Is  the  resnlt  of  a 
polisliing  piooeiia  which  reniovn^  the  ^(^ddinh  euliolt-  wliitOi  tlie  i^rniin 
ehowH  uii  n-movul  of  thu  liii«k,     Wiley's  figures,  reprownttng  the  i«m- 
poMtioD  of  typiml  polished  rice,  are  as  follows : 
MwrtiB* UW 
PmwiiU 7JS0 
V            EUi«r  I'XtiacI .   -    -   - 0.40 
■           Ctwlo  fiber a.40 
■           8l««h,«c 78.80 
■          A>h 0.M 
"  ioo.m 

Rice  is  the  rielit^t  of  the  ei'rcnU  in  olaroli.  arnJ  the  poorest  in  all  other 
mfpeds.  The  pn>tciiU  have  not  yet  Iki>ii  htiidi«l  sysleniaticfllly.  Its 
starch  is  very  t^-ily  di^^-.lihli-,  Hnd  h  very  n.-if'nl  in  nil  disonk-rcd  i-on- 
^^  dilion"  of  the  dige-'*lt%c  iract  when  other  solid  footU  cannot  be  borne. 
^B  Under  the  microscope,  the  starch  granuW  an^  »evu  U*  Ite  nnich  like 
^"^  llM»e  of  «in»,  hiit  are  nuich  smaller  and  huve  sbar|MT  anglfs.  They 
I  are  Ke|inmtecl  less  easily  fi-om  one  another,  and  ai-e  conononly  in  givnips 
^K  of  variable  siw.  Tiny  an-  sh.iwti  hi  Phite  1  X.,  Fi{^.  2. 
^m  K'uv  cannot  be  matle  into  bmid,  bnt  sometimes  is  mixed  with  wheat 
flour,  in  order  to  give  whiteiiei<>>  to  thv.  hrtud.  It'  i«  nM><l  most  com- 
moaly  in  the  freirbly  boiled  eondidon  or  in  the  (brm  of  puddingi^    The 
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most  ajiprovc^  nH-lli<Ml  of  mokitiK  it  in  stfamiag.  This  biu*  Hk-  ndvnn- 
tnp-  ijf  nut  tiikia^;  away  any  of  ttio  alrwuly  dHii-it-nl  pnrtciilis  ami  <«ilis, 
which  lo  mnu:  cstcnt  an'  cxlraclwl  iii  ImiUiu^,  anti  alcu  that  it  l«-:iVP--i 
llip  kcriK-Iji  (lii4tjiii.-t  in  thciiiwlvtw.  mid  not  iijrjjnifrntifl  in  the  fomi  of  u 
mggy  niuah,  such  as  U  prtxliicwi  ofteu  by  improper  boiling. 

Bnckwheat. 

Thi.*  viiltiflblv  ccn-jil  is  iiiMii  vury  i-xlwiiivoly  in  lliij^  trtrintPi'  a*  a 
bniikfiisl  forwl  in  the  form  of  jMiucakes  eaton  hot  mth  syrup  ur  «i(ii 
butter  and  .nngnr.  A»  it  ia  d«void  of  Klntcn,  it  cannot  bi-  made  into 
hitsul. 

The  com|KMition  of  ^'pioal  American  Imcknlimt  in  given  ax  fullnw^: 

MMMiirr ..-..- .  ......    12,00 

PnjWlds 10.7.'. 

Ether  cxtmct iOO 

Cnido  fiber. .                     Ki.TA 

Srnitli.tU', 62.TS 

Aih  .    .   .       l.TJi 

iW.m 

The  onule  fiber  k  removed  veiy  Largely  in  the  tnillin^,  and  if  almoet 
wholly  iilipii-tit  from  llie  while  flour,  a  Anniple  of  which,  analyzed  by 
Wiliy,  had  the  Ibllowing  t'omp<>sition  : 

Moiirtiire 11.89 

Prolekic  ....    ....,...'...........  8.TIV 

Kihcr  vKcncI ■ IM 

{'radc  fiber,   . .      OM 

Stanb,  PW. 7h.il 

Ait l.»ft 

100.00 

Bii(-l(wh<mt  I!!  the  iiiwt  wtpensivc  of  tlie  ocrrals,  and  eonniijncutly  i." 
the  most  subject  to  Hdnlteraiion  with  the  cheaper  nioinbors  of  the  e1a«s. 
Th<'  iidtiiixtiire  Ls  deteetwl  naidily  by  the  niierofleojN?,  riinee  the  starch 
pranuleK  liave  u  \e.ry  cbanicterit^tio  apiHtimnec,  bi'in({  Mniall  and  euiku-  H 
lar,  and  of  nearly  unifonn  nijte.  f)rdin!irily  ihev  are  seen  in  fairly  lar^p' 
mn«M<w  wliieh  iiiv  not  di^ntqjRitwl  in  tiic  ]iroce««  of  niillin)i>.  Tlic 
starch  is  shown  in  Plat«  X.,  Fig.  1.  ^ 

(6)  LEaUMES.  ^^M 

Thi»  KTuiip  coniprii^uAi  iieas,  beans,  and  lentils.  It  w  chanirterizcd  fl 
by  richness  in  proieids,  whieh  may  bi-  po-.*i>nt  in  more  than  double  ibe 
amount  fcmiui  in  wlwit.  The  eluef  pnjteid  is  Iciriiuiin,  whicli  much 
rw?embl«f  «i»ein,  and  is  known  eomnioiilv  as  vegetable  caseitL  Aeri>rd- 
ing  to  K.  Fh-nrent,,'  Ihe  pnit<!id;<  i)f  tlii«  irniup  cunj^iBl  of  v<^table 
«twein,  ruin|X)wtl  of  legumin  and  gliitenin,  and  vegetable  fibrin,  im- 
posed of  albumin  and  gliadin.     Tiius: 

>  CompU'K  iv.ndiiR,  189S. 


PLATE  X. 


Fig.    1. 


Buckwheat  Starch,     x  28B. 


Fig.  a. 


Pea  Starch,     x  288. 
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veg«.bi.fibri»{gx'.  :;:::::::::::::_iS 

100.00 

"i«r  high  conteot  of  proteids  makes  them  more  satisfyiog  than  other 

'(^ible  foods,  and  enables  them  to  act  as  a  fair  substitute.'  for  animal 

W.  The  milliona  of  rice-eaters  who,  by  reason  of  poverty  or  religious 

wuples,  are  denied  the  use  of  animal  food,  depend  upon  the  legumes 

to  supply  the  demand:)  of  the  body  for  nitrogen.     Tlie  East  Indiiin, 

^r  instance,  has  no  difficulty  in  sutLsfying  his  bodily  netids  with  a  hand- 

(ill  of  beans  added  to  his  daily  ration  of  rice.    While  legumes  possess  a 

Krv  high  nutritive  value,  they  must  be  ranked  as  much  more  difficult 

I   of  dijfestion  thiin  the  cereals.     They  require  prolonged  boiling  when 

rooked  whole,  but  are  prepared  more  quickly  and  digested  more  com- 

pktely  when  ground  into  meal  and  cooked  with  milk.     Even  under 

Ihe  most  favorable  conditions,  a  lar^  part  of  the  proteids  is  lost  in  the 

excreta.     Rubner  has  shown  that  a  fifth  to  a  third  is  not  digested  and 

tiktorbed,  whereas  in  the  case  of  bread  the  proteid  loss  is  less  than  a 

seventh. 

^me  individuals  are  obliged  to  forego  the  use  of  peas  and  beans,  on 
icatunt  uf  flatulence  due  to  the  formation  of  sulphuretted  hydrogen 
from  the  sulphur  in  the  legumin.  This  objection  does  not  apply  to  len- 
iL",  -since  they  contain  no  sulphur. 


Peas. 

The  average  of  61  analyses  of  peas,  compiled  by  Konig,  is  as  follows : 

MoiHiure liM 

Proteids HM 

F«t 1.79 

Crude  fiber !>AS 

Starch,  etc 52.:!6 

AJi ..^'ia 

loo.mt 

A\'beii  dried  peas  become  old,  no  amount  of  boiling  will  make  them 
oft,  and  they  should  then  be  soaked  and  crushed  und  c<><)ke<l  in 
ome  other  way.  The  immature  pea,  so  highly  pri7:ed  as  a  spring  and 
ammer  vegetable,  has  a  very  ditferent  composition.  Five  analyses, 
ompiled  by  Atwater  and  Bryant,'  yielded  the  following  average  results  : 

.MoiMure 74.6 

Proteids 7.0 

Fat 0.5 

Carbobjrdrttes,  including  fiber 16.11 

Atb 1.0 

'160.0 
'  Loco  citato. 
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The  canned  pea  appears  to  contain  considerably  less  nutriment.  Of 
88  samples  reported  by  the  same  autboritits,  none  contained  less  than 
77.5  per  cent,  of  water,  and  some  contained  as  much  as  92.7.  Their 
average  composition  was  as  follows : 

MoiBture 85.3 

Proleida 3.6 

Fal 0.2 

Carbohydrates 9.8 

Ash 1.1 

100.0 

The  starch  granules  of  peas  are  represented  in  Plate  X.,  Fig.  2. 

Bflans. 

There  are  many  varieties  of  beans  belonging  to  the  two  large  groups, 
the  broad  l)eans  and  the  kidney  beans,  but  their  comjKtsitiuu  is  in  gen- 
eral iiiiite  similar.  Forty-one  analyses  of  broad  l)eans  and  10  of  kid- 
ney beans  compiled  by  Konig  give  the  following  averages : 

Broad.  Kidney. 

Moislure 14.76  13.74 

Proleids 24.27  23.21 

Fat 1.61  2.14 

Crude  fiber 7.09  3.69 

Starch,  etc 49.01  53.67 

Xxh _3-18  _3..M 

100.00  100.CI0 

Eleven  analyses  compiled  from  American    sources  by  Atwater  and 
Brjaiit  yield  averages  not  materially  different. 

Five  analyser-  of  string  Ikmiis  in  the  fresh  state  and  29  of  canned 
^amplc.-i  yiehl  the  following  averages,  showing,  aa  in  the  case  of  peas, 
that  the  canned  variety  is  less  nutritious  : 

Fresh.  Canued. 

MoJHtnre 89.2  93.7 

1'rolei.ls 2.3  1.1 

Fill 0.3  0.1 

Ti.t.il  cnrbohvdnit«s 7.4  3.8 

Asii  .  .  ,  -" aa        1.3 

100.0        100.0 

The  Soja  bean,  which  has  been  recommende<l  highly  in  some  qua rfer.'i 
Hfi  a  suitable  flwl  for  diabetics,  is  ivmarkablc  for  its  high  wmtent  of 
fat,  and  contains,  in  addition,  so  larfie  an  amount  of  starch  as  to  make 
it  (|nitc  nnsniled  to  the  dietari-  of  the  dialx'tic.  Konig  has  compiled 
Ul  analyses  from  all  sources,  an<[  Jenkins  and  AVinton'  have  collected 
10  more  from  Araericjin  sources.  The  two  gr<ni[>s  give  the  following 
averages  : 

'  Experiment  vStalion  Biillplin,  No.  11,  Wo^^hington,  1892. 


Arrowroot  Stareli.    x  283. 
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JenklDi 
and  Wlnton. 


Moiatore 9.61  10.80 

Pro«eids 33.41  33.88 

Fat 17.19  36,85 

tVude  fiber 4.71  4.79 

Survh,  etc 29.89  28.89 

.\ah ■  5.19  4.69 

100.00  100.00 

.Bean  starch  is  shown  m  Plate  XI.,  Fig.  1. 

Lentils. 

X-^^Qtils  are  the  moat  nutritious  of  the  legumes,  but  are  not  a  popular 
•<1     in   this  country,  excepting  amoug   certain  of  the  foreign-born 
(xilation.     Their  use  is,  however,  on  the  increase.     The  averages  of 
awialvi^es  compiled  by  Konig  are  as  follows: 

Moisture 12.34 

PruUide 25,70 

Fat 1.89 

tVude  fiber 3.57 

Surcb,  etc 63.46 

AA 3.04 

100.00 

2.  rarinaceoitB  PreparatlonB. 

XJnder  this  head  are  included  sago,  tapioca,  and  arrowroot 

aAQO. 

^^agn  is  derived  from  the  pith  of  the  stems  of  a  uiimber  of  species 

^'  palras.     The  pith  is  extracted  and  ground  to  a  powder,  which  then 

*^  wised  with  water  and  strained.     The  starch  granules  pass  through 

^'^  the  water,  and  are  deposited  as  a  sediment,  which  constitutes  the 

^<  flmir.     From  the  flour,  made  into  a  paste,  the  various  forme  of 

P^nutated  sago  are  prepared. 

^  ia  an  important  starch  preparation,  and  serves  as  a  light  and 
^^ible  food  for  invalids  and  dyspeptics,  but  its  use  is  not  restricted 
li'ibffle  alone.  It  absorbs  the  liquid  in  which  it  is  cooked,  and  becomes 
""ft  and  transparent,  but  retains  its  original  form. 

TAPIOCA. 

Tapioca  is  derived  from  a  thick  fleshy  tuberons  root  called  "  mani- 
ha."  The  starch,  which  is  extracted  by  a  method  similar  to  that  em- 
p/ored  in  the  preparation  of  sago,  is  heated  in  a  moist  state  on  hot 
plates  and  stirred  with  iron  rods,  and  thus  forms  irregular  mas.«eH  of 
Iran.^pareDt  granules.     In  the  process  of  heating,  many  of  the  starch 

j^nnules  become  ruptured,  and  are  then  partially  soluble  in  cold  water. 

Tapioca,  like  sago,  is  useful  for  both  sick  and  well. 
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AEROWROOT. 

Arrowroot  l«  a  pure  fomi  of  stanJi  From  tlic  tiiljenHw  root  of  the 
maniiit:!.  It)?  mime  U  ciprivo<l  fiiim  tlic  fact  thai  the  maranta  nH>t  U 
U'liiviil  to  iimntcraot  tho  eft'cctf  ••(  iirnnv  )H)i.'u>ii.  It  i>  iiwil  flik-fly 
H»  a  liliirid  Jirtiflv  of  f"o<l  iii  tlif  ciok-nMiiii  in  the  form  of  light  ptitWing 
or  other  ilenwrts,  but  may  be  coDibinecl  with  other  staivh  ffHHin  iiikI 
iritwio  iiifi  lirtful.  Tbcrt!  itrc  .-<rvi-nil  viiiiciitw,  tliv  !>«(  of  which  come 
fnmi  Ik'n]iu<la  and  Janmiea.  Corii  ritareb  U  employed  fnx|iieflt]y  ».■<  a 
lair  i>utN>titiitv.     ArmwrfHrt  nturcii  i?^  ^liowii  in  Phitc  XI.,  Fig.  2. 


3.  Fatty  Seeds  (Nuts). 


Niits  art!  ri«h  in  fut  mid  |initcid»,  but  contuin  mi  rturcb.  They  are 
of  high  nutritive  value,  but  <)n  aec<uint  of  their  richness  in  fiii  itiey  arc 
not  earfly  digestwl,  c-vcn  wlicu  riHlmt-d  lo  a  finely  divided  slate. 


4 
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Ill  (he  iiinntri<s  where  tlicv  are  iiiiMhieKl,  llie  nlnnmd  i«  <flten  bot 
in  the  green  an<l  dry  conditionis  The  rijie  kernel  has  a  *^kin,  «'ith  a 
bitter  disiiyrceiible  tasic.  When  thi^  in  nunnvi-d  l)y  Hiakiiij;  foni  (iiiie 
in  warm  water,  the  uliiiond  \i-  known  iis  "blanchc'd." 

There  .ire  two  vaiietie;.  of  almond,  the  swwH  ami  the  bitter,  Iwitli  of 
which  contain  more  than  'M  iw  cent,  of  oil,  dboHt  half  tw  much  pro- 
teid  material,  t!""'i  ''")?"'r  <i"<'  I'nide  tWx-r.  liolli  eont;iin  emnl;<in^  a 
eub&tanec  which,  in  the  presence  of  water,  act)!  u(K)n  the  gluoo«ide 
amygdiilin,  present  only  in  the  bitter  v.iriety,  to  form  hydrocyanic  acid, 
glHCi>He.  and  Ijcnwiie  uldehytle.  On  account  of  tbii'  reaction,  the  biltcr 
almond  is  not  always  sale,  and  fatal  results  have  oecurred  from  ilA 
ingi'-it  ion. 

AVhen  almonds  are  baked,  they  are  inaJe  more  brittle,  and  are  re- 
duced more  («*ily  t<>  a  jmwdpr. 


d 
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The  fleshy  white  kernel  of  the  «i«Minnt  contains  about  70  per  cent, 
of  fat.  The  milky  interior  is  chiefly  water,  but  contains  ncurly  7  iicr 
vent,  of  »ugur. 

WALNUTS. 

AH  of  the  trees  of  the  genus  Jnghm  yield  nuts  classed  a*  waloiitK. 
The  dillercnt  varieties,  though  varying  in  outw.inl  apjHwronce  and  in 
tuste,  have  practically  the  same  composition.  Tliey  ctintain  alHiiit  60 
per  cent.,  of  (iit,  about  16  pi-r  n-nl.  of  proleids,  and  alKiut  7  per  cent, 
of  sugjir  and  gum.  The  Ikix.cI  nut,  winch  belongs  to  the  oak  family 
baa  almut  the  same  composition. 
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PEAinrrs. 

Tbe  peanut,  known  ak(o  us  ground  out  and  goober,  is  less  rich  in  fat, 
lw(  richer  in  proteids  than  other  nuts.  It  contains  about  45  per  cent. 
of  the  former  and  about  SO  per  cent,  of  the  latter. 

OHESTNUTS. 

Tbe  chestnut  is  not  of  this  class,  but  for  convenience  will  be  con- 
sidered here  rather  than  with  the  farinaceous  seed^,  in  which  class  it 
properly  belongs.  It  contains  but  little  fat  and  proteids,  about  lo  per 
OHiL  of  sugar,  about  25  per  cent,  of  starch,  and  about  50  per  ceut.  of 
rooiature.  It  is  very  indigestible  in  the  raw  Htate,  and  even  when 
otohed  is  very  trying  to  the  digestion  of  those  with  weak  stomachi*. 
It  is  used  very  extensively  as  a  food  by  the  French,  Spanish,  and  Ital- 
iaii  peasantry  in  various  cooked  forms,  and  laigely  in  the  form  of  bread. 

4.  Vegetable  Fats. 

The  v^etable  fats  include  tbe  oils  derived  from  the  olive,  cotton- 
seed, peanut,  and  other  seeds.  They  are  used  in  the  preparation  of 
nlada  and  for  frying.   The  most  important  are  the  two  first  mentioned. 

OLIVE  on.. 

Olive  oil  is  a  bland  fixed  oil  derived  from  the  fniit  of  the  many 

■rarieties  of  the  olive  tree.     It  is  known  by  various  namet^  which  desig- 

oate  tbe  grade,  but  is  sold  for  the  most  part  as  virgin  oil,  wiiich  is  the 

dwcest  grade  of  all  and  not  extensively  marketed.   Vii^in  oil  is  made 

fiwn  the  choicest  olives,  about  three-fourths  ri]xi,  which  are  Ijnii.sed  unly 

d^htly  in  the  mill,  so  that  only  the  olive  pulp,  and  not  the  stone,  is 

wwbed.     The  crushed  ma.ss   is  gathered   in  a  heap,  and  the  oil  is 

»Bowed  to  drain  away  without  pressure  or  other  influence  of  any  kind. 

ibe  product  has  a  greenish  tint  and  a  far  more  delicate  taste  than  that 

"""fe  in  the  manner  to  be  described. 

Id  the  manu&cture  of  the  grades  oi-dinarily  seen  In  the  market,  the 
«ivw,  both  pulp  and  stones,  are  ground  into  an  oily  paste,  which  is 
foetal  into  bags  made  of  woven  grass.  These  arc  placed  in  piles  antl 
•"ojected  to  pressure.  As  the  oil  drains  away,  boiling  water  is  apiiUccl 
•"the bags  to  keep  up  the  flow,  and  that  which  is  thns  obUiiiicil  con- 
"•Wes  the  lower  grade.  Sometimes,  the  pressed  pulp  is  thrown  into 
JJler  and  separated  from  the  broken  kernels,  which  sink  to  the  bottom. 
'*  pulp  is  then  gathered  up  and  pressed  again. 

f)n  account  of  the  cost  of  pure  olive  oil,  adultcratiou  witli  otlicr 
|*»feroils  is  practised  very  extensively.  The  principal  jultiltcRint 
""xtton-seed  oil,  which  is  exported  from  this  country  in  large  cjuaiitities 
"Hus  and  other  purposes.  Much  of  the  oil  sold  in  this  country-  as 
"''eoil  is  ootton-wied  oil  put  up  in  the  cheapest  kinds  of  bottles, 
""TBed  with  gaudy  labels  bearing  inscriptions  often  not  remarkable  for 
"Wncy  in  the  use  of  the  French  language.     The  author  has  seen,  for 
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t'jcnniplc,  in)x>Iii  which  iiulirahtl  thai  the  contents  of  the  bottW  bad 
hceii  ■•  virgioatiHl." 

Aiiiiltcratioii  of  olive  nil  to  only  a  slight  extent  with  the  cheaper 
oiU  is  hy  no  niiiniiT^  uu-^y  of  <li.'lwtiiiii,  lnil  «liwi  iJic  fraud  is  (airly  i-x- 
teiiMVe  it  njav  be  shown  by  chemiwJ  tceta  and  by  the  use  of  the  re- 
fViirliiiiiekT,  tile  ref'nii-livc  index  of  oUvv  oil  being  lest<  than  that  of 
the  rheaper  f-uhMtituIeii.  Tlie  iodine  number  ami  kuk >nifie«tion  e«juiv- 
iili'iii  of  olive  oil  (in-  l»itli  ltrr<s  than  ihoK'  nf  its  adulicninls.  The  l»c- 
hiivior  of  olive  oil  in  wntaei  with  iiilrie  iieiil  t>T  with  slvoholie  ^utioit 
of  niintf*  of  silvor  U  nuirketlly  dittereiit  fistni  that  of  the  eheaiwr  oiK 
Thus,  ei|iml  voIuhk'^  of  rtrorit;  nitric  ueiil  nud  wIJvo  oil^  niixttl  togi-tbt-r 
and  agitated  in  a  fla^k,  give  a  ](ri«luei  which  him  either  a  greeiiisli  tiojee 
oral  in<»l  one  iiieliniii^  to  oraiip-,  and  uo  niurkeil  ehiiripc  w  |K-rerr|)tiblc 
on  standing  for  live  or  ten  niiuuies ;  whereas  cotton-«eed  oil  similarly 
iruiteil  yicld.s  almost  iin  met  I  lately  a  rt^ildixh  t^olor,  which  shortly  darkens 
and  beeorncii  dark  brown  or  almost  blaek. 

A^in,  if  12  v<:  of  ii  nnHiHt-ied  ^tinipk-  are  inisttd  in  a  («'st  tnbe  with 
5  ee.  of  a  2.S  per  cent,  solution  of  nitrate  of  silver  in  il-j  pi-r  cnuL 
alcohol,  and  jdneitl  in  a  iK-aker  of  boiling  water,  the  ronlting  change 
of  color  gives  inilieatioQs  i\s  follows  :  If  olive  oil,  the  color  i*  grwiiiiih  ; 
if  eotton-seed  nil,  if  bcifitncs  black  ;  if  wsanie  oil,  it  is  dark  reddish- 
bniwii  :  if  pennnt  oil.  it  Is  at  lir^I  ri-ildish  brown,  then  gref-nish  urn) 
turliid  ;  if  jiopjiy  oil,  it  in  grivniwh  yellow.  For  fiu-ther  details  of 
chemical  to*!*,  the  reader  is  referred  to  the  standard  work;*  on  tlte 
adnllernlion  of  foods. 

COTTONSEED  OIL. 

Thi»  very  important  »nd  olicaii  vq^-tnble  litt  i«  o  perfivtJy  wholft* 
some  and  desirable  article  of  food.  It  is  much  used  imder  itH  own 
uaine  a.-<  :i  siibstiintc  fur  lurd  and  olive  oil  ti>r  fi^'ing,  and  in  phue  of 
the  latter  as  au  ingredient  of  dre^ings  for  Kuladis  It  lacks  the  finv 
flavor  of  olive  oil,  hut  ilw  snh^itiiiion  in  drwwhigscan  be  deteetefl  only 
by  till-  cihicjiled  {>idate.  From  ii  liypienie  '^tanIl|M>int,  there  iH  «l)*f- 
hitely  no  nhjeeiion  to  it**  use  in  the  pre|i!iration  of  fi.wds.  The  eame 
may  U*  sntd  of  the  other  cheap  vt^-tablc  oils. 

G.  Tnbers  and  Roots. 

In  the  ef)oking  of  tul»ers,  roots,  and  other  vegetables,  the  albumitks 
and  globulins  are  eoupilnied,  the  tibnais  mntterx  in  the  cell  walU  ai» 
«ilU-nc<i  and  rnptiired,  the  starch  granules  swell  and  burst,  the  starch 
itself  beeonies  .toniewhal  rhanp-d  in  eharm-ter,  and  the  whole  nuu«  Li 
made  mure  dig<-KlibIe,  When  boiling  Is  the  jirotw*  employc'l,  [Kirl  nf 
the  mineral  matter  arid  ntore  or  lew  of  thi'  other  iinlnble  subxtaaoes, 
including  certatD  i>riitei<i  material,  are  extracted  and  lost. 

POTATOES. 

'Hie  ]Kitato  is  the  most  inipoHjint  member  of  this  group.  It  was  intro- 
duced into  Spain  from  IVrii  alxmt  ihc  middle  of  the  Kixtcenlh  eentiuy, 


< 


i 


i 


^^^^^^^■H^  POTATOKS.  ^^Wr  \5-'i 

Vn<l  laUT,  in  IM-^,  into  Trcbinrl  trtim  Vii^nia,  bv  SirW'altor  Raloifrli, 
xvho.  ID  tlie  rollowin^  yvar,  iTitr<»liK-r<l  it  nl>«>  into  Euglaml.  Pmr  to 
tliat  linn-,  iiinl  <-vt-n  later,  what  wa.-  known  in  Kngland  as  ttii^  poiHtti 
^anil  liie  •'crtmnion  potatii"  nifiitiiniol  liy  (ii-ninl  in  litis  HcHiiil  (l-^WTj, 
[wpf  »w<«t  jtotalocs,  "  haiata,"  introtim'fil  t'iMm  Spain. 

TIm-  itvvragei  of    l-'tK    nniilvsi'.-*   (Ainuiciiii    ,'^iii|>1('h)    (.'iinijtilijd    tiy 
.Atwaler  and    Brj'aut  are  im   fullow.; : 

Uawtniw   -  78.3 

Protslds - 2.2 

I-lit 0.1 

ToUl  GutxibTdnilei IM 

A«h 1.0 

100.0 

Thew  fignrpH  ditfer  hwt  slightJy  from   die  averages  of  178  analyses 

'  The  pruleitb)  ol  tbe  potato  are  ehicfly  in  the  nllinniinoun  jiiice  be- 

tivrri  aitd  ill  (Ik-  wII.-s      MuHt  iif  rhi.'  miiK-nil  mHtlcr  U  xtiha  ol'  [Mitiis- 

f'^'iim,  and  thiis  too,  u  almoat  wtiolly  in  tlie  juice.  Tlie  ^lan-li  wiui  4li;!i- 
doveml  bv  I^nbcn  iind  (Jwirgicwsky  lo  lie  m-tiHl  u|iiiii  niiu^h  iiior« 
fMdily  by  the  ralivarj"  enzyme  tlian  any  of  the  cercsd  sfiii-ciiwt.  Tii« 
tfirch  granul^^  are  nim-h  larger  and  inoii-  iiregiilar  in  )ilm|ie  than  any 
»f  Ibfw:  thus  far  jihown.  The  hiliini  and  winci-nlrii-  rlnp"  arc  ijnito 
■liiflinct.      (See  Plate  XII.} 

In  the  pnx-eis^  of  cooking,  thv  lillnuniuous  juiov  in  ouu);t]Iut<.-d  ami  its 
yiiery  piut  in  ahsorlxKl  hy  the  .■•tjin-h  gi-aimln*,  which  swell  and  eon- 
Wjuwilly  diKti'iid  the  eell»  in  wliicti  llk'y  are  IwIrwI.  Tfic  eohereuce 
of  the  cells  is  redutwd,  and  then  they  are  separattnl  eat<ily  iiifn  a  nnuly 
tn.  If  tin-  wnlerv  |iiirt  ftf  llir  jiiir*-  is  not  wholly  aliwirlRtl,  tlii'  ivlls 
tfrjHinitcd  with  inure  or  lew  diHiculty.  the  jtotalo  ix'nmin?-  tinu  in.->ti-ad 
'if  b«eoiiiing  tni<si)y.  and  i^  then  .-iiHiki-n  of  iw  rkwc,  waxy,  or  witm'. 
In  llii«  ittatc  it  is  ili^wKnl  much  less  eaj^ily,  and  may,  indeetl,  be  veiy 
ttyin^  lo  tlie  fttoniaoii.  The  xuiie  cuidilion  i.»  noticed  in  tin-  etw  of 
IKitni'M-."  whifh  have  Ikwi  frown  ;  they  are  veiy  watery  and  of  inferior 
Ihvi.r  howevtr  they  are  <i)okwL 

AcennltnfT  to  Bulland,'  the  nicnly  condition  is  dnc  not,  »»  »np|KiM?<l, 
li  ail  espeeiiilly  high  content  of  .xtareli,  but  to  u  low  iKTcentaee  of  aU 
"uniin,  for  a  potato  rieh  in  Ihiii  Hnhi^tantv  kt'e|>s  iti*  "liiiiie  and  iicitlKT 
CTwk*  nor  frdU  apart.  Hi'  alw  points  out  that  Wnt^th  the  skin  there 
«f«  three  well -defined  liiyerH,  nhich  may  rcsiiiily  Ir-  wi.>n  by  Imldiiig  a 
Mik  cn>!M-:4ceCion  »|;aiDsl  a  strong  light.  The  outermost  is  richwt  in 
Mtarch  nod  poorest  in  protoid^,  but  in  the  innernio^t  these  conditions  are 
"''I'lfrsed ;  the  mid<llc  lnver  rcpreseiitjf  ihc  moan  ooinpo^'ition  of  tin- 
*holp. 

Tho  liMu  which  occur*  on  boiling  is  much  kw  wh«i  the  !"kin.<  arc 

»ft  iiitart    tlian   when   removed ;    the  greatest   loss   occurs  when    the 

potaloea  are  |>eele<l  first  and  then  wMikf-fl  in  cold  WHt<'r.     When  ivfoked 

I  "7  *teamin{;,  then-  is  no  lotw  whnt«ver.     The  material  lost   iii  boiling 

■  JournnI  dc  Phamiiicic  cl  dc  Clicmif,  IS9T,  VI. 
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FiiOIiS. 


a,  flb«r.  pMioM.  bi.  tM- :  ft,  nAti-albtunlnoM  ttllio- 

rumui  niMinr;  •■.  atliunlnolil  ntU«f«nMw  aMier; 
mlDcml  miticr.     Tlic  h>iclic<l  ponlon  wpwoaiM 


has  been  delennined  by  H.  ShvcUt  '  ux  fullowe  :  SkiDs  remornl,  nwkol 

3  lioun';  loul  nitniKCD.  4i)  per  wni. ;  ash,  4.'>.6  [n-r  cvat.    Skin?  a- 

tnovvd,  not  !<ak«(l :  total  uiinjgvu,  Itj.y  |>tT  wDt. ;  uAi,  17,9  ya  iwil. 

8k  ins  nut  reniovnl  -.  tulnl  ui- 

Fiu.  &  Uii}^-ii,  1  piT  ccut. ;  mil,  i^i 

per  «iit. 

The    (v>ni]Mi»ition   of  tlie 

putau>  and  (lie  Iww  cif  nutti- 

entt)  vrhcQ   Uiilcd  witli  lb" 

tikin  rmtovoJ  an-  fihuvii  by 

Suvder  by  a  dniuini;,  wLirli 

w    Ihtc    n-pr()du»<I.     (^' 

Fig.  5.) 

Potatoes  are  m  dcficicot  in 

nitrngen  tltat  alone  lhi?y  it) 

not   oonstitiito   n  pn>{xr  re- 

tion,  but   with  Cwxi^  rich   in  proteid^  eiich  as  Dieats,  beans,  or  fitt, 

tbey  are  valuable  and  ecounoiical. 

Tli«  jiiiov  of  the  potato  <<oiitniii8  dine  ucid  and  citraiu*  of  potawtuin, 

Mxliniti,  and  ctilojum,  wliic-h  fact  accounts  lor  the  antt:acorbutic  vaht  uf 

thin  vt-|fflnblc. 

Attention  lias  often  iK-eii  called  to  (he  fact  that  tlie  ^mliilo  lulnnp^l" 

a  |Kiirtiin<iu.-<  lHi(iini<!iil  tiiniily,  which  incUid<.t>  bclluiloiina,  >tiTiiuoi]iiini, 

liyoscyiunuH,  and  tobacco,  ull  ]Miwerful  narcotic  plante  ;  end  it  liiwbnn 

|>oint«-<l  out  a.-,  ti  jninidox  that  tliin  valitalde  ft««l  |y>K*twsi-s  no  ]Kiinwi0Ui 

pn>|iertics.      TlAi-,  however,  in  nol  Inie,  fur  tlie  (Miliito  hui^  lain  iltiff*- 

4piei)t  «mw  of  niort-  or  lef**  extensive  ouihrraks  of  poiM>i)iti);<  nw'  " 

ha^  loni;  been  known  timt  ihu  nomml  |H>tnto  auituiiiK  about  U.OSpCl 

cent,  nl'  solaiiSn,  nnd  that,  when  sprouting,  tlie  eolanin  content  i>  B>'  | 

|fri;dly  iner<iw«I,     Ik-lwwn  I  Sfl2  and  1 8!»8,  niiiny  olllh^^tlk^  i>f  |«rti"n- 

inir  oci-nnvd  in  the  I'lth  ((iernian)  Army  Corjii^,  whieh  were  inic**]  V 

Sfhnii(iifbiT|r  :ind    .Meyer-  to  witniiiii  in  -jiiiuitin(r  or  wniplelcly  rip* 

potutocn.     Sc^hniietli'lR>rg's  lUisertiou  (hat  Milaiiin  loniiiilioii  in  |K>lalot^ 

is  »iuse<l  by  buclcriu  Iiiis  bwn  proved  by  R,  Weil,*  who  dtononstmli^ 

that    at    l«wl    two    organ  is  nil-,    JSti  cirri  urn    mltiM/rrtim    WHi-oo/cm'"" 

and  Bicterium  *r>lunifii'»m  nJmvliilr,  have  the  jiroperty  of  prixluuDf 

Holanin  from  jinhsfiinw"  n<)rriiully  prcwnt. 

A  noteworthy  iiistanix-  of  {Hitato-]ioL4onin^  is  tbnt  recorded  by  I*fiibl.'| 

Fiily-iiix  Boldiers  of  a  company  of  the  Ocinmn  Army  were  m-bwHl  wiAl 

fvmptoms  of  acute  (:Hstro-('nteriiiA.     Tlic  i^iekuciK  hcf^in  with  cht1U,J 

fever,  luiuhiohe,  colii-,  vomiting,  iiiiil  diarrliceii.      In  a  i)un)lH''r  of 

thire  wiis  olliipse,  witli  more  or  lew  jaundice.    None  of  (he  i-hm*  endc 

liitally,  tifir  were  there  any  relapses  or  siipidie,     Investigsition  hbowf 

lliat  the  nini  bad  «iten  sprout  inj;  ^Hitutocf,  ;i  Miniple  oi'  wbieli  yidc 

O.yS  per  cent,  of  solaiiin,  and  that,  therefore,  those  who  had  eaten  theii 

'  llcpariniiiii  u(  Ajirii'iiliijn-,  cl|Ii>H- <'r  K\|n.-i-imi.-i)i  Siiiiiimii,  BuHfIId  No.  43,  1($9T. 
'  Afehi*  for  (-x|iL-riDiviilfll('  I'aiiinlrii-ic  imil  l'lmi-Diiiki)loj[ic,  18B6. 

•  Arrhiv  fiir  IlTKipnc  XX.WIH.  (  IWKIk  j..  :i:!0. 

*  I>eulsclie  iimilciiilwlie  Wui'livUH'tirid,  lt^|<t).  \>.  To3, 
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iaH  portion  of  tVi*  v<^(nW«  had  inge«t«l  alxwt  0.3  frram  of  the  poison, 
a  quantity  which  may  t-asiiy  imlinv  nitkiiis  i>yii)pt'ini.< 

SWEET  POTATOES. 
TTw  avenige  cx>DipK)iiti<>Ti  ol"  Awct-t  potatoes'  (i)-^  aniilyj**:*)  i,-*  givi"!!  hjr 
Alvurr  and  Brvant  as  follows  : 


Mobture  0»,0 

Prota-itto 1.8 

Fm 0.7 

Toul  (wbohTdratw    .  ■ 27.4 

A*b __U 

100.0 


the 


JU    Mm 

^B  Stircb  ooDi;ti(ut«s   much  the  )^ruitcr  jnirt  of  the  uiriwhydntti.^ ; 
^npainder  is  mainly  eugar. 

V  A&TICHOKES. 

V  The  .lenitalem  artichoke  is  so  nanu^J.  not  after  the  city  of  Jerumt- 
Irm,  hul   from  a  oorniption  of  the  Ituliim  word  r/litmole,  iu»iuiiig  .luii- 
flouer,  to  which  fatuily  the  plant  Iwlotigfi.     Tliif  tuhor  is  ipiitf  rwvKl 
ta  tlitr  la:(t<%  l)iit  it  in  ni»t  so  ugnn-iihti-  u.-  the  potat4>.  p,,,,  u. 
It  coDtainif  no  starc-h,  biit  yieldf-  iihoiit  l.**  [kt  crnt. 
of  riigiir.    It  is  ahont  twice  a.-*  ri<:h  in  proteids  as  the 
jaitalo.     W'lK-n  wiokol,  it  becomes  soft  and  wiitcry. 

ROOTS. 
The  carrot,  beet,  ]>3r^ni]i,  liirnip.  oyster  plant,  and 
ladUli  agrii-  in  ii  iri'iii.T.il  way  in  oumjx tuition,  iitid 
may  he  t-nnsidereil  together.  Tlioy  are  very  poor 
in  proteidn,  and  I'onlain  l>iit  a  .■<inii!l  iimininl  of  oilior 
nutrients.  .VII  of  thcni  are  vahitible  on  aocouiit  of 
llieir  aotii^oorhuiic  (nni|K;riitti,  for  imiviiling  variety 
m  the  liiift,  iLoil  (or  Havoririg  other  f'wds.  Tiifir 
average  composition,  acconling  to  At  waiter  and 
iJifyaiit,  i»  net  fortii  iii  the  IVilluwiiig  lablv: 


> ■ ■ 

Ctrtto- 

Water. 

ProMiki 

IM. 

brdiatw 

Incluil- 

lii(  tCber. 

Alb. 

BMk    .  .  . 

« 

87.S 

lAl 

0.1 

9.7 

l.t 

Onm.  .  . 

la 

«8.3 

I.l 

0.4 

».3 

1.0 

0»ii*rpl«m' 

1 

80.4 

1.0 

0.6 

17.) 

I.« 

rimiipt 

3 

sao 

1.6 

0.A 

13.S 

1.4 

RidbdiH  .   . 

4 

dU 

U 

0.1 

ft^ 

3,0 

1 

1« 

W.0 

W 

0.S 

81 

0.9 

Snyder  r©pn?seiits  ^Jiik^niniiTrntipallv  tli*-  conipo- 


a.  flTwr.  RiifTh,  rut, 

cip, ;  b.  iniiHr;  f,  nan- 
■lbiimint>lilTti[n>iri-iiotiK 
mmu^r '.  if   aitii)in)Ti'>iil 

liUroi:ciioun  rjjot(<.'r.  e, 
inlm'rul    mMUf.      TIjc 

.tf  thi.  <^rrot  and  the  lo«  of  niitricnt«  when   Ji;;;;i;;,n,*';;'V;'S 
tl.    (See  Fig.  I).)    On  aeooiml  of  thi-  ji<'n<;ral  re-   •«il<^    lAftnrssciDix.i 
semblance  in  ooni]H>KitioD,  ti>i«  (lia)>Tum  may  be  taken  fitirlv  to  n^prea'nt 
^wbolc  group. 

'  Tbe  HpiTM  for  ojrtltn  plant  nrr  laken  from  Konig. 
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6.  Herbaceous  Articles. 

Thesp  inrlude  varimw  Uuvch,  ctiiii!-,  ariil  stK>rtl.<     "Wtvy  »ini»iii  biit 
litltf  iitilriimiit,  but  »w  valuabk-  for  llit'ir  silt*,  utid   I'ur  tht  \*ariety 
wliidi  thc>-  give  to  the  diet.     It  is  to  be  doImI,  however,  thai  in  pro-  m 
tcids  thpy  are,  as  a  dasn,  iiiiml  or  iiii[i('rior  to  i!h*  tiilH-rs*  hihI  root^ 
TIh'V  wmtiiin  iiiitiii|)).irt:iiil  iimoiiiit^  ol'  tiit  and  •'iisar.    The  cijbh<itff  and 
iillii'd  pbntM    are    nut    eii_Hih-  dij.t'Slwl,  and   on    accnuiil  of  (i>ntiihiii))r 
more  or  le.-w  .■•iilniiiir,  nuiv  give  rise  to  diwipri'cable  fliitulenee,  and  are 
not  suited  to  weak  digestioiic    Spinach  is  regarded  as  alighUv  lAxn(i\-c.  m 
CfUfg  \n  not  ixi.-iily  tli^wti^d  in  ihc  niw  *\aXn,  hot  is  Ht]<ily  Ixinic  when 
sttWMl.      Ixifiurc,  fV'r««w,  and  (Similar  anicles  for  niIihIs  are  wholft-onte 
and  ilige.'itibh-,      A-tji'iriifiti*,  while  i-onltuninu;  hiil   lillU-  iiiitrinH-ril,  \» 
]iriz<il    (Kirtifiiliirlj-    for   it*   deliwite   Havor.      fMions  atn\   Irrke,    iK-ing 
Diodifiecl  stents,  lieloug  in  tliis  j[:ronji.     They  eontain  volatile  oilx  which  S 
a<'l  lis  (reiilli-  iitiiiudiLnlj^. 

The  l<)llowuig  table,  ei>n)[iile<l  from  Atwater  and  Br>-at)t,  gives  the 
conipiviition  of  the  niejiibe»  of  thii<  ^^iip: 


CAbboKC  ■ 
Cauliflower 
Bpruuta  .  - 
C«l«y  .  . 
LMnioe.  ■ 
8pin»ch 

Itmt  top*   , 

Duiilvlioua 
Lecln  .  . 
Onion*  .  . 


I  K0.i>r 


3 

16 

a 
1 

6 

8 
S 
I 

1 

1 

16 


WitMr. 


!I1.G 
91.5 
M2.3 
88^ 

M.7 
&2.8 
«!).& 
61.4 
91.8 
87.6 


FidMiU.       Vml.      ,    rarlxr. 


2.1 
1.0 
1.8 
4.7 
1.1 
1.2 
S.1 
2.2 
2.4 
1.2 
U 


JUfa. 


0.S 
0.5 
IJ 

o,s 

0.3 
3.4 
1.0 
0.6 
0.S 


2.2 
6.ft 
4.7 
4.9 
S.3 
2.9 
3.3 
3.2 
10.A 
&.S 
9.9 


0« 
1.0 

a? 

1.7 

1.0 

a9 

2.1 
1.7 
4.S 
0.7 
OLft 


Fio.  7. 


a,  lUrcb ,  niEKt,  Sbwt.  <kc.  tic-  ■  b.naiinltitiiiilnuiil  iiiinvcnoQii  mklter:  r.  alLumlnoid  KllcnfM- 
ona  mHttet:  (LmlnnNl  malWr.    Tin*  liaudiod  purtiun  rrrinnnta  tb*  iMt.    |AflarSMTi>aJ 

'n>C  c(wti|>osilion    of  the    eahbiige  and    the    low*   incuiTC<l    thron^li 
boiting   ape  ghown  in  the  neivmijmnying  figure  (Kig.  7),  by  Snyder. 
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rk »  gcuenil  w»j-  it  nmy  bt-  aou-ptiti  as  representing  tlie  entire 
Ifdip. 
7.  Fruit  Products  Used  as  Vegetables. 
"Pira-  incliKlu  till.-  limi'itii,  c'lii-iimtRT,  iiqiuLali,  ]mTii|ilcIii.  o^-plant, 
ml  tegcialile  uiurn«v.  The  lonuilo  is  cousua)i.Hj  larj^Jy  in  llit'  raw 
■otft  as  a  wlad,  niul  ill  r^veral  im)kt!«I  tiirniK.  li  ciulaiiiK  !«■»  tlmn 
6[ier  ncnt.  of  ^>li(]  Diiittvr.  iiiifl  in  thii'  n?i^)x<ct  bus  about  the  aatne 
■utrilive  valiH-  as  wleri-  and  li>riuw,  lis  i-hici'  Militt  nuiilor  in  i^iif^. 
lt»  mineral  (i^nstilin-ut-'"  niv  fni-  i'ltmi  cartliv  wilts.  Tin-  (■"•••inilirr  in 
tiie  mw  §tatc,  iu  wliioli  fomlilion  it  i*.  cattn  iiiowt  pumnnuily,  is  not  cuajr 
iif  ■lip.'Htii'ii ;  l>iit  wIk-ii  i^ti-wctl,  im  Viglil,  wliiiInxtiiM^  iinil  ttgnH.-uhlc.  As 
1  DUtrimeiit  il  ^luwU  even  lou-or  tli:in  t\w  prti^tilin;;.  «>nt}iiiuii^  less 
liiNii  .'i  jxrr  (■(?iil.  of  :«)li(l  tiuttti-r.  Tlii-  fijumJi,  puutjtkiit,  itt/itrjl,te 
Morroir,  and  lyfi-pfanl  Imve  iiliudt  «(iuil  iiiilritivf  value.  Tticy  con- 
tain abnui  yo  per  wnt.  of  wat«-r,  arc  wry  [Hxir  in  proteids — le*  tliao 
1  per  crni. — but  are  fairly  ricli  in  carbohyilrali')^. 


I 


8.  Prnit*. 

A*  •tutv))  iiIkivo,  tbp  word  Jntifii  is  lisiii  licw  in  it»  narrower  wuse 
todE^i^rnate  those  produeis  Hliicli,  bein^  of  an  ii);i%eable  ta.stf  in  the 
nv  !4aii-,  anMiiitiililvfoniKoiL'!)  dt-sM-rt,  'Hie  nfrr«-«ble  ta»te  tlependit 
upon  the  relative  prt){>ortionR  of  pwlin,  sngiir,  (jimii  and.-*,  nnd  otiier 
nnstiluent''.  Some  fruit><  with  hut  u  hiiiiU  [x-n^-ntufre  of  su^r  and 
emdderable  neid  have  a  fwwter  last*-  than  oilier!*  richer  in  anpw  and 
willi  tK>  itmrt-  acid,  Ikswium^  of  the  intiskin^  of  ihe  frw  acid  by  the  gum 
■nil  pectin.  Thnti,  the  |»each.  for  iii-tiiniv,  is-  eitinparativclv  |«>f>r  in 
n^BT,  hut  il.-4  eonlcnt  ftf  netd  in  pn*vriiteil  from  hi.-iiig  pvoinincnt  bv  the 
\trpe  runtent  of  ^m  and  pectin.  .Some  friiitx  contain  UMially  but  little 
of  llK«t'  cna-ititiu-nts, 

Fniiln  iiiiiiHin  but  little  pn^>tcid  luMIer,  and  their  chief  food  value 
lies  in  cbe  stigar,  Aalt^  and  ve^etiihlc  iicids  nhioh  ihi-y  (iinuiin.  F.iitcn 
in  UKNleraiioii,  llicy  vwri  a  iiivurable  influence  on  the  i^y-iteni,  bill  when 
Ulu-n  in  undue  proportion  to  other  fiKKln,  and  (vptMnally  in  unripe  or 
loo  ripe  iitatei,  may  mux-  dt);(»liv«  (ler[ii>t>;enientK.  On  uwonnl  i>f 
their  ricbnew  in  vepetrible  adds  and  their  pa\U.  which  in  the  ■ivstem 
ire  decomiMMed  and  oonverted  to  ciirboiialo^,  thvy  UmiX  to  (lirniiii>h  the 
acidity  of  lln;  iiriue. 

APPLES. 

In  the  niw  state,  appl&i  are  not  very  easy  of  digestion,  but  when 
eooked  ibej-  atn  miirh  moix-  mt,  and  when  luikol  arc  n-pulcd  to  be 
■lightly  Iiixativc  ami,  thcrefon?.  iiwfiil  in  habitiml  <xjn>^lipation,  but  not 
citable  in  the  revcrsp  condition.  Fmni  the  many  aualy.'^w  which  have 
been  compiled  by  vnriuux  aiitJiorities  it  may  be  i^utcd  tlmt  tJii.*  fruit 
mntnine  about  %b  per  cent,  of  ivat«r,  !.'>  per  cenl.  of  sugar,  1  of  malic 
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a«i(l,  0.4  of  a'ih,  lie«idp)>  vnrinhle  nmnimte  of  pnliD,  pectose,  fiber,  and 
other  iniittfn>. 

PEAfiS. 

I'eaiv  are  somewhat  richer  thaii  applet  in  au^r  and  poorer  in  nuilic 
aciid.     They  are  tkirlv  rii'h  in  |K-4^tiH. 


PEA0EB8. 

ill  thi»  f'niit,  the  i^iigu-  U  compamtively  low,  but  the  peotoUA  mnlU'r 
is  es«])tionally  high  iiud  lovfm  thi'  iicidity.  Pvu('l>es  coiitain  u«irlj 
1  jHT  (x'lit.  uf  iiuklic  avid. 

APBIC0T3. 

The  mi^r  cxinteut  of  apricots  id  alHiiit  ngiial  tn  ttml  of  peftRbt9<. 
TIk'   pi't'loiiti   ninltfir  in  nlm  abtiul  Uifsainv  iu  umount,  but  tbe  acidity 

is  hi}|[hfr. 

PUJMS. 

Plums  contaiu,  an  a  rule,  Ic'ih  »iig»r  and  p(!<^n  nnd  mon-  nialiv  acid 
lliaii  an-  frnuid  in  in-Jichi;'  iiikI  ii|inootji.  The)'  art-  much  more  likely 
tbiui  1111)^1  other  tVuitii  to  diaagi-ee  and  produoe  deniiigcmi'iit  at'  digi.'T'tion. 

I 
CHEKBIES. 

Cherries  ai"e  uolublc  for  their  lai-pr  conteut  of  siigur,  over  10  per 
pent.,  siir|ws.Mii{;  in  thi^i  r«s|jeet  nil  nf  tho  fon^nng.  They  contain 
«omewh!i(  leM-  than  1  [ler  t-vnt,  "f  Diiilie  JieJd  and  lire  lnw  in  ])cctin. 
The  [Kijiidar  idea  tlint,  even  in  ripe,  sound  eondition,  tiny  are  a  danger- 
onx  article  of  ft.xid  if  euten  in  roiiiniiclirui  with  milk,  liiis  tin  foimilntioii 
ii]  faet ;  but  when  nnripe  or  unsound,  they  have  a  tendency  to  cause 
disordiT  "f  the  bowels. 

The  averaf,'c  composition  of  the  fort^ing  fruitH  is  ebown  in  the  fol- 
lowing titbit,  compiled  from  Konig : 


WkUr. 

Sagu. 

Add. 

t^MUIl. 

Pectin,  etc. 

Fiber. 

tA 

sa.Te 

1  "2 

o.b; 

0.36 

6£l 

I.S1 

0.49 

Pm».   .       ..... 

SS.03 

S,2S 

0,20 

0.36 

3.S4 

4.S0 

<L3t 

80.03 

4.48 

as-j 

0.C5 

:.17 

6,06 

0.69 

AprioilM        .    ,    -   .   . 

PllID- 

81.22 

4.69 

1.16 

049 

6.35 

6,ST 

tja 

84.!)l> 

3,6« 

].50 

0.40 

4.GS 

4.S4 

<LM 

(.'h«TriM             .... 

79,82 

10,34 

a9i 

0.07 

1,66 

6m 

o.n 

a&A 

lNQES. 

I 


The  orange  contains  ncnrly  2.o  \kv  cent,  of  citric  add  and  uboiit  4.5 
of  sugar.     The  juice  in  iMiilJeiilarly  a^'i^ble  in  almost  any  oonditioa 
of  bmltb  or  .'^okneN',  and  i*  extrt-invly  unlikely  to  anise  any  di^turi 
of  the  system. 
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MELONS.  161 

The  average  compoaitioa  of  ontDges  (23  analyses),  according  to 
Atwaler  and  Bryant,  is  as  follows : 

Wtter 86.9 

Proteidi 0.8 

Ftt 0.2 

Told  carbohjd  rates,  iDcluding  fiber 11.6 

Aih 0.5 

100.0 

aSAFEB. 

The  juicy  pulp  of  the  grape  ia  wholesome  and  refrigerant,  and  when 
oKd  in  large  amoimts  exerts  a  gentle  lajcative  action.  Since  the  num- 
Wof  varieties  reaches  into  the  thousands,  it  follows  that  wide  varia- 
twi  in  composition  must  occur. 

Twelve  analyses  compiled  by  Konig  yield  the  following  averages  : 

Water 78.17 

Sugar      14.36 

Free  acid 0.79 

Proleids O.-W 

Ptduiu  matWr 1.96 

Tiber 3.60 

Ash _  0.53 

100.00 

Five  analyses  compiled  by  Atwater  and  Bryant  yield  averages  which 
vc  expressed  somewhat  dt£ferently,  as  follows : 

W«tet 77.4 

Proteids 1.3 

Fat 1.6 

Total  carbohjdrales,  including  fiber 19.2 

Ash 0.6 

Wlien  dried  in  the  sun  or  in  ovens,  the  product  is  rawiiw.     Those 
wifd  in  the  sun  are  the  better.    Raisins  are  less  digestible  than  grapes, 
ttiA  are  not  infrequently  the  cause  of  derangement  of  the  intestinal 
I  ooi], 

'     What  are  known  commonly  as  dried  cxirrantx  are  raisins  made  from 

Vttll  seedless  grapes.     They  come  from  the  Levant,  and  are  shipped 

bom  Corinth,  whence  their  name  in  a  corrupted  form.     They  are  ex- 

esedingly  indigestible,  and  are  likely  to  traverse  the  entire  digestive  tract 

witlMMit  undergoing  change. 

HZLONS, 

The  edible  portion  of  melons  is  very  waten,  but  the  pmall  amount 
of  nutriment  contained  is  not  unlikely  to  cause  in  many  persons  di- 
fBrtive  disturbances  accompanied  by  annoying  t-nictjitions.  Not  many 
malyses  have  been  recorded.  Storcr,'  <iuoted  by  Konip,  has  reported 
tfarae  analyses,  which  give  the  following  averages : 

'  Report  of  Connecticut  Enpeiiment  Station,  1879,  p.  159. 
11 
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Wster .'  ^ «M(n 


i'roipiilii  . 
F»t  ,   .   . 

Suipir,  «i\ 
Fiber  .    . 

Aj>b. 


0.92 
0.18 

1.(H 

0.73 

100.<io 

Two  «iialyH<»  of  wati'mivlonri  iiot«d  by  Atwnter  and  Bnraiil  givi*  the 
foUowiug  averages : 

W«tor 92.1 

Pmuuila     , 0.4 

Fui 0,2 

Tula!  cwboliTdiatof,  indwling  fiber 0.7 

Ash ■  •  .  .  .  .  0.3 

loao 

BANANAS. 

BHnatiu:<  aoii  ))Uiii1nuii^  w*  nmoi)^  ihc  mfist  nutritious  of  fnutK ;  in 
nmnv  |kiits  of  the  tr^ipirs,  they  roiiiititiitc  tlio  chit'f  food  of  those  who 
nn-  toil  Iiuy  to  ]MTform  iiiiy  kind  of  riiaminl  lalmr.  The  wlililc  |iiirt 
yit'ltis  about  20  per  cent,  of  supir  (witif  and  invert),  ubotit  2  of  pro- 
teids,  0..5  of  fttni-cli,  and  rathpr  more  of  taL 


FIGS. 


iJ 


Tlio  f!^  in  tho  fn:?<)i  i'UiU'  ih  about  iijim!  lo  the  liananft  in  nntritivr 
pmpcrti<«.  Ill  iKith  thi?  fretfh  and  driitl  fonns,  it  i^  esti-enifd  highly  an 
a  mild  laxative.  Tlio  ilrit-il  llji  I'liiitiiiiic  alMiUl  30  ]kt  wnt.  of  water, 
J>0  of  .iu^r,  4  nf  proteids,  and  -l  oi'  a*h  ;  the  remaiudpr  is  chiefly  ee«ds 
and  liber. 

BERRIES. 

The  \'arioiis  berries  are  notable  for  their  tsmteiit  of  frw  aeidif  aod 
-tugjtr.  Tw<^>  kitid.'i,  the  eraiibirry  and  the  harbeiTv,  are  too  soiir  to  be 
eateu  niw,  and  must  be  cookeii  wilb  .Mipir  in  onli-r  to  be  made  [lalala- 
ble.  The  eomjinHition  of  the  iieveral  membere  of  this  group  is  set  forth 
in  liie  follnwing  tabli.',  amipih-d  friitii  K("iii)|f : 


BlavkbcniM 
('ruiiWrrioB  .    . 

f'lirnuitii    .    .   . 

Hiu-kli-liprricB 

Kii"|>l".'rriM  .    . 
Straw  licrrioi 


WMot. 

Sugar, 

Ftm 
wid. 

mtoUft 

FIbar. 
.ptcUn.  elo- 

86.41 

4.44 

1.19 

Oi51 

IJ.B7 

80LG9 

1.53 

S.34 

0.13 

ii,37 

B4.77 

6..t8 

2.1.S 

0.^1 

!>A7 

85.74 

7.0S 

1.42 

0.47 

4.92 

78^ 

5.02 

l.RtS 

0.78 

13.16 

S4.T1 

0.19 

1.86 

0.96 

a22 

85,74 

SM 

1.42 

0.40 

&10 

S7.6S 

6.a8 

0.93 

LOT 

9.26 

Aab. 


CAXE  SUGAR. 
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9.  Edible  Fungi. 

MtlSHROOMS. 

MiLibrootoK  are  reputed  to  be  istiviiitly  rich  in  nitrogen  and  other 
murifiitn,  untl  ui^<)i>rdiiigly  l\n:y  are  reuiniiiiendttl  hh  ii  viiltmhle  lixHl 
■Ucrial.  It  i«  trui.-  ttuU  tluy  are  wiiucwlmt  ricli  in  tiitmgen,  but  it 
Ahilil  l«'  !^id  iliat  a  laiyc  pi-*>)H)riion  of  thi.-  I'leiuent  |nT';<uiii  in  in  coni* 
Hiiatious  (luiiidu  <^iniiK>iiiiiUj  wliidi  niv  uwl***  u.«  ('xxl.  A«  a  mutter 
iif  kcl,  the  ItJial  suliil  ijialttT  ul"  mushroomB  avera^p*  iibiiiit  1 2  j»er  cent., 
BD^  is  largely  woody  mutter.  Mushroiims  uri;  mtiier  ililtiniit  ol'  ilifiw^ 
lion,  and  are  not  at  all  adaptwl  to  wtak  litouuick'.  They  have  hfen 
lull'.'il  "llic  piKir  iiiiiii'i'  iiKitt,"  iitxl  iniii-li  ItiLi  Int-ii  liuim  to  eiu'oiira^ 
liw  poor  to  se^k  for  them  in  tlii^  fieldri  iind  woixlt-,  in  order  to  add  to  the 
Wi-r.  InuMtinch  :t?  ilie  market  prit'e  of  muidirooiii>>  tiir  the  tahhis  uf 
the  rich  is  generally  high,  and  sjnfo  their  food  value  is  deddwlly  ovcr^ 
ntal,  it  would  np|tnir  that,  where  ihi-m  i^  a  market  tor  them,  the  yuMt 
nu  ilo  much  better  for  their  nutrition  by  di^ixisini;  of  their  lindiii)^ 
indiunverting  th<;  prix-oedn  into  oheaper,  more  dig(«lil>le,  more  uniii- 
li"ii»,  unit  k^w  cloyinj;  artiele?'  of  foixl. 
TrufBes  eonUiin  more  nitnigcn  than  is  found  in  miwhrooms,  but  ther 

Ter}-  rnneh  more  wihkIv,  imd  eiiu  hiinlly  1>c  lookLtl  njMni  u»  vahuhle 
the  point  of  view  of  nutrition, 

10.  Saccharine  Preparatlong. 

Siipir  waif  kni)wn  to  the  ancient  (_irceks  and  Itonmni,  and  its  mann- 
fjTlure  lia."  h»*n  conduetrtl  by  the  Chine.se  -"inoe  the  ciirli^nt  tiiiR-«.  It 
if  virrv  siihible  and  dittii.iihie,  anr],  tlierefon-,  in  iligesled  eacilv,  Dex- 
tmv  is  ready  for  as^imihitiou.  bnt  sueiviae,  maltoHe,  and  liwtow'  inurt 
Bndfrgo  fintt  u  splitting  pniee-v  within  tlie  digv!<tivc-  traet. 


CASE  8U0AB. 

CWno  »ugar  Ik  obtuiiMxl  from  the  sugar  cane,  sugar  beet,  sorghnm, 

sugar  niapte.     It  is  \fry  solnblf!  iu  wati-r,  but  (jiiiti-  in'Uilnble  in 

Jtitc  iiWhol.      EU^iletl  witli  ilihit**  minemi  sicids  or  with  eitric  atrid, 

I  EpIiU  into  dextrorse  and  Iwvulose,  anil  then  is  known  ok  invert  --iiigar 

rtm   llw   fiiet    ihul    the    jKihirinilion    bet-imx-ii    inverted.     Cane   Migar 

[mtat4!»  the  plane  of  polnrizeil  light  to  the  right;   the  two  siibslaneiw 

into  whtch  it  is  -plit,  deslniHe  and   lii'Vnlow,  iiitnte  ivsjMx-tively  to  the 

Il^t  and  leH,  but  the  notion  of  IkvuIom'  is  so  mueh  the  stronger  that 
he  mixture  givm  left  polari7.ation. 
HkiUiI  uljove  ISO"  {",,  »ngnr  yield»  eiininiel,  wliirh  !*=  not  a  simple 
lulifitanee,  hut  a  complex  mixture  of  hiinvn  produi'tf^  of  detivdnitioii. 
It  is  iweil  as  ii  mlorinjr  (or  low-pnMl<>  milk  ami  other  articles  of  food, 
and  <mmewhnt  as  a  flavoi'tng. 

Cane  sugar  is  sold  in  \'ari<ius  fornis :  out  or  tiHtf  sugar,  gnmulutod, 
powdered.   Tlw  ehc^aiwr  gnidiif,  known  from  iheir  color  as  "  brown 
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»i]g»n^"  (.'Oiitiiiri  variable  uniotmti;  of  in\'ert  Hii)i;ur,  gummy  maltcra^^ 
and  other  inipiiritJett. 

Snpir  in  iiiit  much  .*iibjc<-l  ly  ;i<liilU'iiitioi),  tliutigb  thtrf  ic  »  popular 
klcJi  tUat  fflumix  iind  Hiud  an-  i-oniiiioii  iidniixKirvs.  It  U  pmlmbli- 
lliul  sitid  i»  ai^  rare  an  aUiiItt-niiu  nf  nugiir  :in  oliiilk  im  of  milk.  Glu- 
I'lisf  niii-ly  is  niixLHl  wiiii  stijpir,  btit  in  u«d  ^\ln^idlTably  a^  »  miIk 
stituio  liir  it  ill  the  niaDHfainuri-  nf  rhf!!)!  ji-llifr,  Jaiu.'^  niitl  t-xindiiv. 
Hiipirn  I  kit  iin-  .■•niiiculiiit  "off  oilur  "  iiiv  tri'utwl  sjiuelimes  witJi  llltia> 
nmrhie  in  the  final  imxvs^cs  of  nianuliicrtiirc.  Tliis  wnvcto  tlic  fault 
aiid  make^  the  |inHhii't  whili-.  (Vi-nMnnnlly,  tlie  aiiiouut  iidded  is  .suffi- 
cient to  (Siuw  nr«it  idiLrm  iii  the  houMciiold  wh<-u  liityi-  i|iiiiiititif''  nf 
aujjar  ari!  made  mm  nyrii|)  witli  hut  wiitt-r  id  the  jux-panition  of  preserves 
and  jcllitv^.  Tiie  blue  material  eonies  to  the  suriaoe  an  a  m-iiid,  him)  it* 
uiilookwi-for  appearance  give.-  i-ise  to  iiiiriiiicioi]  ui'  poison. 


IIAPU:  SUQAB. 

This  form  of  oine  »ug»r  i*  pri/eil  highly  for  its  agr«?able  flavor.  It 
is  !i  nineb  nioi-e  ex|>enBi*e  ailifle  tlian  ordinaiy  siipir  iind  is  tiMtl  ition- 
a,t  11  col  I  fit  Ition.  In  the  fonii  of  *>nip,  Jl  is  ti*ed  vcrj'  extensively  on 
buekwIiKit  viikix  and  with  other  oereal  breakfast  foods.  It  U  inucbfl 
snbjcct  to  adulteration  miil  MibKtiliition.  A  large  ]uirt  of  the  *vnip  in 
the  market  is  H'bolly  artilieial,  being  made  of  oitlinarj"  sugar  or  glu- 
<ttse,  np]im|)nalely  iiilonil,  and  eiTivedy  tbivoi'i'd  bv  mi-:ot^  nf  extract 
of  hiekort*  bark.  The  siigiir  ilM?lf  is  imitated  in  the  .'«nie  way.  btii  one 
not  infrecjuently  necs  ^im^iinerix  whicli  are  abw>hitoJy  devoid  of  any  flavor 
Nive  that  of  hiy)wn  sugar.  The  »iub«lituiIon  In-  flavoivd  tane  !>ugar  is 
pnielicnllv  iniixi^Miblc  to  jiriive  bv  I'heniicjil  niean.%  although  ihe  Kolubic 
]ioriion  of  the  a-ih  of  the  genuine  artiele  is  aluio^l  whujly  [lotas^ium 
carlKiiialei  while  tliat  of  crude  cane  ^ugnr  U  lar^Jy  iioiliuni  nalT.-<.  'Htc 
pn-senoe  of  onlinary  brown  Higitr  or  mviasfen  niny  be  detected  by  tlie 
yield  of  retbieing  sugar,  since  ])ure  maple  sugar  eontains  veiy  little 
of  thi.>  Kiibniance.  'Hie  pwsenec  'd'  gluwjw  U  n.-vudi'd  by  the  behavior 
of  the  specimen  under  polariscopic  analyeifl. 


4 


GLUCOSE.     DEXTROSE. 

Dottnise,  or  grape  sugar,  is  inferior  in  fiwcctvnirig  power  lo  cam? 
sugar,  and  is  not  cry  stall  i/jible  to  the  .sime  extent.  It  is  much  U'ss  ■ 
soluble  in  water,  but  is  ndublc  in  givcerin  and  in  altuhol  of  ortliniiTy  I 
strength.  It  is  found  in  grajies  and  in  many  other  fruits  and  vegp- 
tublcs,  hnt  alway.H  a.-woeialtii  with  Inviilo-e.  Hy  fi-niientation  with 
yeiist,  it  splits  into  earlMjnie  aeid  an<l  alcohol ;  in  the  presence  of  fer- 
ments which  disorganize  proteids,  it  yields  lartie  aeid.  It  exerts  a 
strong  retliicing  ](ower  on  Feldiiig's  soUition. 

Commercial  glucoii^  is  obtained  bv  heating  s larch,  usually  com 
starch,  with  diiiHlnse  or  dilute  Mulphiirie  acid.  Bi-fiin-  the  final  piv>o««s 
of  concentration  of  the  solution,  the  acid  is  neutralized  wtmpletcly  by 
the  ajiplitiition  of  marble  dust,  and  l)w  resulting  sulpliatp  of  calcium 
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les 


ud  iW  exc«s»  of  tho  otMitmliziii^  ii^-»l  nn-  rciiioviil.  Tlic  product 
ahmvs  conlainn  coiwiderable  projMtriions  of  malhMc  and  dpxirin,  and  its 
roIatcHT  power  i>.  I  In  re  lore,  much  gn-alrr  than  iJml  iif  pure  gliidusp, 
aiifh  >!<  id  olttutiudile  Iriirii  drnW'tic  iiriiio. 

GltiTOt>c  U  priMliKi-d  iti  ('iiiinaini,'>  qimiititieii  Ixtlh  in  tho  solid  I'orru 
tod  aki  a  thick  cwlorlc-^  pvrup.  It  ib  iistil  in  the  miniitfiictiiri'  of  chetip 
nnJic!*,  jimi",  mid  pn'-wTvcn,  in  ilu'  Un-wiiig  of  Iwev,  and  as  an  adiil- 
iPi-jflt  of  moloaseM  aud  lioncv  (fw  uudiT  Bt'ei'J. 


MOLASSSS. 


kMitliLHM^  U  a  thick,  vi.4cid,  dark-ocilorui  liqiik),  which  dmiiis  away  in 
tbppmc*-**  iif  the  uinniifiu'tiiiv  of  siiKiir.  It  ('iinlain.«  fifim  Go  to  72 
per  c«nt,  of  sugar,  j>art  of  which  is  sucrose  anti  |«irt.  fruit  su^r,  vari- 
riii»  sdli»,  frniiiiny  iiiiitM-ro,  i'Xtrai'tiv»«,  ami  water.  It  is  pradwl 
KcoTding  to  color  fmni  the  eheiijHwI,  ultinKft  Ijliick  iirliele  known  iwi 
"btack  slnip,"  In  ihi;  fiiiesi,  whi(?h  is  li(:ht  yellowish  bnjwn.     When 

^  leaned,  it  a  brilliunt  and  trun^piiR'nt,  and  if  known  as  syrup. 

B  AH  grades,  but  osju^'ially  (he  hiirher,  are  ndultenited  cxtciiHively 
will  pluw>«»'  wynip.  This  nthiecs  ilic  swM'It-ninj!;  )«fiwfr,  Init  givis 
Wy  and  a  finer  a])pearancc.     The    fraud    iw   delected    rcsnlily  by  the 

B  wr  i>f    the    [HilariMKiitc,   siniu'    the  aiiiilteratcd    iinicle  gives   a    miieh 

™  teller  rcuding,  and  on  inversion,  inj-lcad  of  k'^''"K  'i'*^  p'l'irinitiim, 
CDMiniivH  fo  givr  u  ix<ndin^  to  ihe  right  almost  as  high  as  Iwfnre. 
Another,  and,  fmm  a  sanitarv  point  of  view,  a  more  imjiortHnt  iidul- 
teraai  of    mola^srs,  U    rht-   pn.turhloride  of   tin,  known  also  as  '■  tin 

IiTvsIal  "  and  '■  salts  of  tin."  Thi-r  is  athkil  for  t!ie  |)iir|Misc  of  mincing 
^annmrit  of  wilor,  ihiis  giving  a  fieiiiions  nddwl  value.  It  combines 
"illi  part  of  the  coloring  mutter*,  imil  ihc  nwiiltirig  coiniMiniid  wimnin-s 
ntiil  lend^  to  degxtsit.  Thus  a  large  pro|>ortion  of  the  amount  addtil 
Uia  liii^hciid  rimv  Ih;  foiniil  in  tin*  "  f'<Hil,"  (ir  Migar  sixlimenl,  which  is 
wJ  (juile  eomnionly  in  llie  niuking  of  i-lieap  oiiidics,  such  ii»  cwoannt 
talPf,  Only  a  part,  howi-vi'r,  is  dejxHiuMl,  aiul  henee  a  specimen  thus 
I'iiilln'utcil  will  vield  notnbk'  Imccs  of  the  sfdl  on  ini'iiu'mlion  and 
aialysis.  It  is  nselcss  to  attempt  to  •'epurate  the  tin  in  the  oniinary 
iray  witboni  prt'vicius  ine-inenilinn,  since  the  'n'gimie  matters  prt'stiiit 
pri'V«Dl  precipitation  of  the  sulphide.      TnitsnmcJi  a*  the  pnitocliloriilc 

■  rftin  U  itn  irritant  |(oison,  sind  since  its  addition  can  serve  no  legiii- 
ntilc  ti>«ful  pur}io*'e,  lhi;>  form  of  adiiltci':]ti<)n  should  be  prohibilinl  and 
pnish(-d.  SomeciniCf  tin  is  present  in  molasses,  not  as  an  adutteront, 
Lia  iHiL-aiiiK*  of  n  prjH-tice,  t'olloweil  hv  -nine  makers  of  enide  sugar,  of 
trmling  their  pitxliict  wilh  this  agent  to  impnive  its  ctdor  before  it  liaivw 

Ithen-nirtfugid  niiu-hinin,  and  lliiis  it  finds  its  way  into  the  by-product. 
H0NE7. 

Honey  is  classed  sometime*  as  an  aiiimal   fb'sl,  since  il  is  a  product 

florei)  np  by  l>w»,  but  it  i»n  liai-dly  be  Mieousidere<l,sinceit  ia  obtain ttt 

HAum  the  nedariefi  of  flowon^,  although  during  ils  Ktornge  in  the  bee'9 
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onip  il  iimt^rjEOei  i^mt-  ctwiiijrf.     Afit-r  (hi.-"  iilNT»t!<Mi  liy  ilic  m^-rim^ 
of  till-  crop,  it  is  iV\'-)^'T)iv\\  !iml  <l'j">Mt«l  iu  lli*-  ci-ll  >'f  iW  (iiiiK^-<»'mU 

lltiney  is  a  «^)n«-iitralecl  noliitiim  of  siij^tri,  chiefly  deslntt-  sn^ 
lli>vijliK>i',  will)  -'•tiiiill  uniiiuiitf*  of  .^iicrimc  hih)  iiisiiiiiitv,  (imuiiumg  ikii 
Hiiiiill  luiiouule  of  wax,  orpinic  Bc-iilb,  pnitcidii,  mini-Ril  mntier,  pulltn, 
aii<l  Diloo'iis  :iti<)  otiii-r  priix- !)>!<«•.  1*lii'  fliivor,  »>l<)r,  and  mIuf  van 
iitri'inliii';  !■>  tlic  mitnrc  nf  tlic  lic.wfr*  from  wlnoh  tho  honoy  U  liiAaitu^. 
S>niL-tituP«,  when  derivwl  fmin  |ioiBrttii>u(i  plants,  it  h«.-<  toxlo  pnip- 
wtii-^;  lliip  iiti^  liac  bitii  iiotwl  l»y  lioth  aiicKnl  nml  ummKtii  wriMK 
Xi-no]>h<>i),  for  example,  hiu)  reoortlcd  niitrt  scrimLa  symptoms  of  inhiti- 
niti'ii)  >hu-  to  iu  in^^ttori,  iind  »  iiiirnii<T  <if  kidiiII  milhra^Lks  n^iuiilio); 
pl<>rM.'iin-|)itiM>i)in;;  liJivc  Ix-cii  n-iwirlcd  l>y  retfiit  wnU-i>  in  tliit  ixjutiiri, 
Afiio|itiiiii '  oavfi:  "As  hi  (■iin-r  thiii^  hvrc,  liicri'  wiis  noihine  M 
wliich  llicy  were  tnirpri^'il ;  but  the  numlter  «!'  iM-thivw  wac  nin- 
ordinary,  and  all  «f  the  soldier!*  iluit  ate  of  tin-  i<«>ml)(4  Iticl  ihwr  sra^ 
voTiiiii-d,  mill  "iTi-  iiRV-cIhI  willi  |mrRinKt  «iid  nut  "ih-  of  tlnni  na.-'»!il<' 
til  utuiid  iii>rij;ht ;  riiicli  ai*  lm<l  mti^n  only  a  little  wvrv  like  men  f.'n^ilK 
inloxieiih'i),  mid  Mich  iih  hiid  <iiten  miirh  were  like  tninlnicn,  mid  nmt 
like  |H-rK>n8  at  the  point  nf  d<>uth.  Tlie^'  lay  u[Hm  the  f!r<iiind,  in  niii- 
f)c({iienre.  In  (fiv-at  nnndicrs,  iw  if  then-  had  hca-n  a  rlcfiiit ;  au'l  iIim^ 
wiUH  f^'iti  nil  ilfjerliiiii.  The  next  <iiiy  not  <mv  of  thcni  »iiw  f(ini»i  Awl; 
a[ii]  iliey  niviM-nil  llieir  m-iiMi* ai)ont  (he  same  lionr  tln-y  lod  lo-i  iKtm 
on  till'  pii>.'(ilin(;  day  ;  and  on  the  third  und  iVmrlli  tlayit  liwy  got  upu 
if  artcr  havinji  taken  ]>hyHir,"    ■ 

DioHiytrides  kjkiiIch  of  a  kiinl  of  Iinncy  tlint  niudc  tluKM'  tliat  alv  it 
mad,  and  iwcrilH*  its  iHiiMinnii!'  pitjjHrticn  to  the  f^^^ail  alinmhiiH*  "f 
iiw(-liiim-l  mid  oltu-r  siiniliir  pnisonous  plantM.  Stral«>  siKsikn  of  Immipv 
thiil  made  men  wtupid  iiiid  nichinehnly ;  iind  I>imlorii>,  of  a  oiTbiiii  kiiw 
in  Coli'hos  which  prcKliictfl  hucIi  profound  w<akne>w  in  lln>*  thaliHt'i' 
"  tlint  llicy  apiwjiRil  for  a  whole  tiny  tojp-thcr  like  di.wd  men." 

Honey  lW«n  the  rtowers  of  the  yellow  ja-^inine  hue  lieen  known  U' 
priHliicc  ix-riiiiiH  and  even  lattil  rcMilts,  and  that  dcrivnl  from  a  sjxintf 
(if  rhoilod4'n4ln)n  ^iwing  iu  thp  neip^hlKirliood  of  the  niack  Svn  ini  hoi 
iMt'n  nttif^iiKril  an  ]M>iwiiioiin. 

The  flower  of  tioiiey  to  exert  n  mwUciiml  iiiflucnco  b*  wcmiflini* 
llirnett  to  k*""!  nciininl.  Tlui.-,  in  AhyMninia,  where  the  flowers  <if  tho 
Piifwt  tiw  arc-  llie  univerwd  r»-ni(iiy  for  t!i|><'Wonn  iind  (L-«':iriiks,  witJ 
wliich  u  liirp-  pn»iiorlion  of  the  |Hipiil;itiou  in  afflietwi.  I'WiiriUf'  (»f  V 
nn*  kept  by  onlcr  of  Kin^  Mtiieiek  in  pircli'iL-i  wlttrv  no  trthcr  pliiiil  i 
t'nltivittisl,  and  llie  honey  which  they  i^tore  luis  U-eii  liiiind  to  liMt-  3tl 
tile  ftio-l  ip)itliiie.-<  of  iIm-  <lnif;  with  n<nv  of  ib«  unpahtability  or  un 
plen.-ninl  ctlivlis  «iieli  iw  nniwn  and  voiniciii};. 

By  mieniMvipie  exam iiuit ion,  which  will  show  ntnncruiti-  noUi 
irmiiis  <^>e  <^i  (kteninnc  msily  from  uliiil  bind  of  flow«?r  u  hoiM 
wib»  KRltien-d. 

llotiey  iHHiinin'   altoni    7!l   per  wiit.  of  noipir.      In   ron.-«|Ucmv 

the  pn-jHindenmi  iiiRiHitiv  of  ilte   tievnl««i-   oil   tlw  tuimion   of   tl 
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ffaoF  of  politnMtl  lif;hl  ihi-  |Hil]iri>c<)]H.-  n«din};  nf  n  pure  ii»mj)li>  is 
iJnKfci  alw-aj-s  to  the  left ;  when  not  to  tltc  left,  tlie  reading  is  not 
monr  ihau  &  fi*w  <l(.-gn?vri  to  thft  rijrlit.  The  piri^ciita)^  iif  wiit«r 
nvn^s  nbout  18  or  19;  oocacionullv  »^>eci[nen»  urc  fuiind  tu  contiiiu 
i^  luilHi  XU^  '1'). 

Huuev  ib  au  in)|H>rtiiiit  ^uptr  fixxl ;  it  i»  vcr%'  ii;rni'iililt-  to  the  li»*lc 
guil  m.<ily  nssiniiialeJ.  On  aiximnt  of  it.-  eoiu  para  lively  high  price, 
it  is  very  Mibjeet  to  iwliillersition  with  glutiwe  nnil  nine  ftugnr.  That 
wWh  in  n>l<I  in  the  comb,  the  <;i>nil>  !^lill  in  it8  frime,  Ik  iilniu^t  invari- 
iJ)|t  }!Vtniine.  The  cxtniHiii  honc^.'*  .■uihl  iti  iMtllli'.-.  jmd  tiniil)h'r»  jim 
vm-  cMnmonly  niixtiii'e>  of  the  genuine  iirtiele  witJi  ghittiw  or  wint' 
.•iqpir,  »uil  often  iiinlHin  no  honey  wiiatevw.  In  ordej  to  wmvoy  the 
irlca  of  genuincneK-,  it  is  a  poinmon  prat-lice  to  im^-rt  a  mtiuII  pieee  nf 
oiiuli.  Al  ViMtl  one  infci'iii'iun  Jiihncat'ir  of  ghieose-honey  law  been 
ioiimn  to  add  to  esieh  tnniltlcr  of  hi-  piiNlnel  ii  iltiid  Ijce,  In  MTve  ti»  a 
.'tlrnt  fiiliic  wiliK^-  of  iin  nrij^in. 

Tlie  dclcctjoo  of  iiilulteralion  with  ghioo,*!'  or  i-nne  ^iiigiir  b*  an  eaw 
nratlCT,  .-tinee  all  samples  !»o  made  give  a  strong  reading  tu  the  riglu  oti 
(i^nKnipii;  ex  ami  mil  ion.  On  inversion  of  thi"  naniple,  the  right- 
luwled  miding  per^L-l^  if  the  adnllerant  iri  glueiiK-,  and  i"  elutngi^il  to 
ibf  L'ft  if  tiiiie  NiifTiir.  1 1  is  «ii<l  ihul  inverliii  iiini-  -ng;ir  sometimes  is 
mixnl  in  pnijHT  pro|n>rtion  to  make  an  artifieiid  h<iuey  wldeh  will  give 
llie  normal  iJolariKv>pie  test  of  the  geiniinc  art  iele ;  and  that  tn  imitate 
till-  latter  >'t!]l  farther,  hj  that  miemseopicid  examination  also  may 
uie^  ilii  gtnniineneKH,  fxillen  grains  are  aildin]  in  siitKcienl  amounts. 
Tlie  n»li  of  Mich  a  pr<Khirt  alone  will  reveal  the  fraud,  since  it  will 
maiain  no  phosjihorie  iii'i<l,  while  genuine  honey  eontainn  alxiut  0.03 
ptT  eeiiL  of  that  ^substance. 

00K7E0TI0NERT. 

Candies  are  preparations  made  of  r^iig-ai-s  or  snh^taneet  eontnining 
iJk'ni,  r^neh  us  ninliisM.-H-'  iinii  honev,  with  or  without  the  admixture  of 
Mber  foixl  material,  f-ni'h  as  nnl^,  fruits,  and  elinonlatc,  stanches  and 
bin  to  give  ImhIv  and  en nstnter ■(■<-,  and  flavoring  and  iiiloring  itg(.'nt.H. 
Tin-  iiddition  of  <iub^tnnee&  which  serve  no  legitimate  iwfnl  pur|w>se, 
b  art  lerra  nltia,  which  Lh  ^id  m  be  adde<l  somcliiiKis  to  lend  weight, 
i»f  injuriiiuif  color*  im<I  flavors,  may  properly  Ix-  rigiirdeil  a» 
ailiilleration  ;  but  tlie  use  of  gineose  sng.ir,  eoeoa  bnttcr,  and  olher 
Milmtanii?*  of  u  liiinnleHH  nature,  anil  jHi'vsfu'itig  vahn'  iih  niilriment, 
(unnot  be  so  regnnled.  Many,  Mime  say  ino«t,  of  the  chi^iper  «indie«, 
ilaiu  variiible  iiinonnt"  of  ghieiwc  and  Kian-h,  but  nothing  ix  to  bo 
ill  agHin<'t  tlie  uw?  of  theee  substanec  on  the  m«jn'  of  \4  lioliw^nicnc^as. 
The  ii'e  of  lerra  allui  is  supjuiscd  |iopidarlv  |o  he  veiy  common,  hut 
nuuiemiv  utudv^-*  bv  manv  chcmiKlK  thrcnighont  the  connlry  show 
that  this  suliistanee  is  an  exceedingly  uncotomon  ingredient  of  even 
the  verj'  etK^i|)n>t  I'lindie-s. 

The  flavoring  agents  coinnioidy  employed  are,  a»  a  nile,  harnilu<», 
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Tlie  colon*  ii«n1,  howc^-cP,  arc  not  iufn'qiicully  of  n  potimnoiu  ualiire, 
C6]>ecially  in  those  Suites  which  have  no  la^^■s  ii^iinitl  food  adulteratiim, 
ur  whii-h,  liiivinji  tht-iii,  niiikc  no  [inivi.iinn  fiir  their  (.■nfoni-mi-nl.  Thc^ 
iniuriuii«  (^jlorfii;;  iipi'Uts  int-hiik-  tire  i-liromiitt*  of  ]x>tii«>iuin  and  lia<l, 
tin  iakpB,  and  iiTlaiii  itf  iht-  i.i«tl-tar  jinHlui;^,  Mic;h  m  MjirtiiL"  _vfllii«, 
dinitroL-ix'Kol,  nnd  >linJtroi^)-n'm>r<.'iiiol.  l^e  employment  of  chroniate  | 
of  lend  an<l  of  chruniate  itf  jwitawiiiin  is  fret^iiwitly  dmiisl,  hnl  ili««' 
Wllwlunct-!",  iifvi  rllicir«>,  mv  ii^cil  not  iiiKoiitmonly,  and  luivf  lx*n 
iletwtcd  Ijy  the  author  in  many  !fi»i.'inienH  of  y<^l]i'W  siifpirs  iim^  for 
de>!<>iiitin^  mkiw,  und  in  vdliiw  cuindi«.9  nmdc  iu  the  sbajK'  of  Ixiinit. 
The  mujoritj'  of  the  colors  used  are,  however,  a(  a  bannle«>  natiu-e. 

JELLIES  AND  JAMS. 

JollieH  nre  senii-^ulid  iflntJiK'UM  [)rc[)anttioii«  nifulc  by  bijilin^  fruit 
jtiiciw  with  8iiipir  and  idlowin);  to  <iool ;  jams  are  iMtmewhat  similar 
pri'pdnuioiin,  wliich  inchidc  the  iiiilj)  nf  tlif  I'mit  nis  wvll  tv  iIr*  juicv. 

Many  of  the  jellies  found  in  the  sliope  are  made  with  glucone  «'rup, 
vrniv  sutriii'i  }^-liitiii,  nrtilii-ial  flavorin)>>  and  color;*,  nnd  (•xlmcL'^  uuidf 
by  hoiling  tin.*  refuse  •>(  eiiimin);  estuhh»^hniente.  ■laniii.  likeut^-,  are 
larjci'ly  lijctili(iu>,  iK-iiijr  iiiiidc  with  (ihii'OM-  !>yni[>.  fluvirinp*,  colorings, 
vnrions  kiuiU  of  seed-,  and  nearly  tit^lekiw  vcgetuhlt  tisstuw,  fucb  as 
summer  Ai]imsb  and  boiled  white  turnips. 

Section  6.     BEVERAGES. 
Stimulant  Beverages  OontaUung  Alkaloids. 

Thf.'t^  include  tcu,  cuUee,  and  cotxiii,  and  cevtuiu  olherif  not  used  to 
any  hirpe  cxtpiit  in  ihl"  couiitiy.  The  alkaloi<k  f>f  these  products  are 
known,  i^siHViively.  :vf  tlieliK-  nml  t^rtViiie,  which  arc  chemicKlly  itlcu- 
ticttl,  and  [hoii>ri>niinc,  which  in  very  ela'<ely  re]ate<I. 


TEA. 

The  virtues  of  ten  wcrf  discovcrwl,  iicoording  t*i  ChiiKwc  tnidition, 
more  than  2700  yeore  before  the  Christian  era.  It  wa*  uw^l  firvt  in 
Gn^laml  in  the  M-vcnti-cnlh  iwnlnry  (»l>out  I  l>Ti7),  nnd  came  there  into 
gt^neral  use  about  I'JTo.     It  win-  introduced  into  Amcrii,«  in  171 1. 

T™  i»  the  driitl  h-sif  of  u  slinib,  Tlmi  (^InniKin,  iudi^tenous  to  China 
and  other  part*  of  Afia,  and  ciiltivattil  in  Indi^i,  Juiniii,  ami  O-ylon. 
l*'"n[HTly,  the  varieties  of  the  plant  jiroiliieiHl  by  <Iifferait  method*  of 
long  cultivaljiin  were  iK'licved  to  Ik-  distinct  ^ptviw,  nnd  weiv  kn^>»^l 
as  T.  Jiohrrt,  T.  vln(tl»,  etc.  The  dift'erenees  in  the  varielic*  fi>iitid  in 
ooinmerw  di']H'i)d  U[><>n  the  aye  nf  the  Iciivcs  when  gnl.hcrcd  and  their 
position  on  the  stem,  and  ii|kiu  sjMX-ial  methods  of  tlryiug  and  prc[Miniig 
ihcm  for  the  Rurket.  The  dioicest  VHricti<«>,  for  example,  are  thow? 
which  iiiolndc  only  tiic  Icriniiial  Icjivc^.  iin<I  the  ]xiorc*t  thow  inmk-  up 
of  the  largest  and  coarsest  leaves  fn>m  the  lowei-  end  of  the  twig. 


V     T«s  K  cla^twd  oommoiily  a^  grt-cn  >>r  bliii-k.     Both  kinds  cwiup  fram 

^  !«mi'  sliruh,  Imt  are  difftTfiii  in  ix>int  of  age.  and  ai-o  iiirtnl  in  dil- 

feiTfit  wHvs.      (.Jrwii  t«i  is  iiiiiiii.-  Iruni  vinmjj  li'rtvi';',  wliirii  tin-  hwLMiiI 

i|(i)ckl_v  shortly  aftor  beiiijc  giilherpd.  ami  tint)  nillfd  om!  ii^piiii  lYiaf^tt-d, 

Bi.irlc  itfi  i>  Inmi  iddi-r  li'iiviw,  wliicli  iiiv  alloweil  lo  wilt,  and  llii'ii  are 

I       £all>er«l  into  hca\in  and   left  wittimit  fiirllRT  Minni|in]iitiiin  Cm-  nhiml  ti 

H  Ltif  (liiv,  diiriu)^  wlii<'h  lin»*  they  undt^rjf"  a   liTrucntative  ])itH*a.n  and 

W  ekmge  color.     Xcxi.  llwy  iirv  rulkt)  l>y  liiind  niid  iht'U  licitU-d,  and 

il»*  pmrt^iB*-.*  inity'  Ih'  ivpeatod  wvenil  tiinei*  alternately.     Finally, 

ibcy  are  dried  »-lovrly  over  burning  Hiinvnul. 

The  conipo>iii()n  ol'  tea  in  very  varial>k',  and  it  is  impntwihle  to  gWtt 

■  figures  wliich  may  be  .Txi-ptwl  iis  indieiiting  tlie  Hpiuiixirnale  cnn-itilu- 

W  tion  of  a  t_\-})ic.i]   Hi>ecinien.      Kiinig   liai*  colk'CttHl    Hi   nnalysc*.  whifli 

give  the  fi)ll')win(^  in'i'rti^fts* : 

MoiMuro ll.*9 

NitrntionniM  tiwtUirs -    -  21. £1 

TlifirH- 1.36 

VoUiileoi].                 0.fi7 

I'M.  (win,  etc.    .    .                           3.IJ2 

QniB,  ilfitriii,  UK. 7.13 

Tannin 12.30 

Other  cxtnictiTu 10.76 

Fibw 20,30 

Ai*l> ■■■■II 

100,00 

nt  it  sh'Hibl  bo  said  tfinl  llii.<  variation''  in  the  ninnniK.-'  of  individual 
miutituents  of  ihew  Hi  ^peeinieiis  are  verv  widt :  for  tii<itanee,  water, 
ia»to  16.06  ;  ttimc,  0.40  to4.i)-l;  tannin,  4.10  to  20.88  ;  tilicr,  l-i.tl 
to  25.06.  Drajjcndorff  found,  in  '23  speeiniens.  from  1.36  to  3.09  per 
«aLof  tlieine,  7.10  to  ri.flC  of  moiritui-e,  and  from  24.80  to  44. oO 
piTccnt.  of  total  miIiiMi?  con-^titneiit:*-     'Hip  !wli  of  pure  Urn  is  lairly 

■  nsL<(ani  in  anwmut,  and  almont  never  reacheiK  as  high  iia  7  [>er  cent.; 
unmlly,  lM-tw«i'n  5  iind  d  |nt  c*Mit. 
T(a  ^IiouM  be  uw?donly  in  llie  form  of  an  infusion,  niadc  by  )Kiiii'ing 
Wliiip  walt-r  upon  tin-  reipii-niti-  ;imonnt  of  Icjivt^.  tuid  allowin);  it    lo 
k-H.imt  a  shnit  ivlnit  to  "draw."    It  is  uueil  not  inK^^mmi ndy  in  iho  f'>rm 
df  a  dei^ietion  ;  that  in,  by  iMilinj;.    Thi.-  prnei'.-w  U  obiit-tionablc  in  two 
nj"*:  firet,  iht*  delicat*;  uroina  is  IokI  by  the  e.\pnl<ion  of  the  very 
■Tolatile  essential  oil ;  and  second,  the  Itaves  are  made  to  yield  all  ihiir 
Lfennia   an<l  oIIht  I'Xlractive-t,  wbi(4i   tend   In  bring  iibont,  suoni-r  or 
Iter,  derangement  of  llie  dige!=tivo  fnnt'lion  and  a  catarrlial  condition 
Hk  slonineli.     The   line.«t  and   m<i>i  delieatv  poriicm  of  an  inliisioti 
that  wbidi  is  ]toure«l  otf  within  three  or  four  minutes,  for  in  thia 
be  found  a  maximum  of  flavor  with  a  minimum  of  bittenicJ'H  nnil 
a»lTing»iM^".     The  i-xiTllctn'c  of  .-in   infusion   is  inflni'neeil  eoiisi<ler!ibIv 

R(y  the  ehaivicter  of  the  water,  which,  if  \'erv  hard,  i-'  ■'low  in  extraoling 
be  dcnindde  loluble  eonstitiient.-*,   while,  if  very   ^ol't,  it  extracts  uut 
only  tluTise,  but  far  too  nipidly  the  les*  dci^inible  prinoiple*, 

\Vh<«  properly  mad«,  tea  in  moderation  in  a  wholesir)me,  ngiTMible, 
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■ltd  rffnwdiiip  Miniiiliitil  Iwvcmp;,  ictrtioiilarly  grawfiil  Id  wmilitior*.-* 
of  mtiitHl  or  |>))y!^u3tl  w«iriiii>*.     l'««-<l  in  vxniKi,  it  i'Xcrt.->  a  kirmfii/ 
inHii«fH'o  upon  tbe  iM^n-o<i!i  t^VHti^i,  aod  in  a  too  stmo^  form  iojurc^  tlic 
digvMtivv  (rnrt  iiml  ruiKlioii. 

1*be  abuse  of  t»i  a»  a  Itcrverugv  leads,  anv*n]iiig  tu  Biillitn:!,'  tu  ring- 
iiij;  ill  lJ«;  ««r>i,  intiior,  m-rvoii.-m-w,  h<-:i>)iirl)i-,  iK-tinil^ia,  hv^terb, 
irr*T;:iil:«rily  of  tlw  heart,  iK>|inoii,  lly^|K-]l-i»,  ami  <i>n>ti|>ati<in. 

I>r.  Hny««,  the  An-tiT  exjilonT,  has  l4«<tili(xl  u>  the  valii4^  of  t«i  »ml 
ciiftVv  in  t-iiuhliiiK  milt  to  i^itilurc  iiilil  ami  luin]iJii|)  of  all  sorts  U 
In-ill);  eipw-ially  s*i>thing  at  ihe  einl  of  a  luinl  day's  work. 

Whilf  tim  liy  itni-lf  itiii  Imnlly  lir  looWl  ii|h>»  iis  iin  urtirlc  ■.i!^<in\- 
itif;  any  itn|Mirt»iit  amount  of  iiiilrimvut,  Af'  <-onmiouly  ixktiMiii'ni  il 
M>r\'i^  iiM  a  vfhii-]*-  for  utiier  t>iihi<taitns,  as  M^r,  milk,  and  cnoui, 
linviti^  lit<rh  iintritivf  vnluc. 

Adulteration  of  Tea. — It  u  commonly  etata)  and  gtdionllv  l>e- 
lttv.ll  tliiit  t<-.i  i*  iidiiltiT.iIvil  fXttoMvi-Iy  witli  i.tl»-r  kind!-  of  Imh*^ 
iiirliiili»]f  ilii>-c  of  the  Im'('o)i,  hUh;  willow,  and  liiiwUioni ;  l>itt  it  tlir 
jiri't^-iit  tinu-,  it  in  irxtn-nii-ly  ini)ir<iliitl>l<-  lluil  xui-li  iidultciimfi  e\-crsR 
tnixcil  with  t«i  known  to  bt*  int<.>ndt.>d  for  export  to  thif>  nuiDirY. 
Wliaii'Vi-r  ilio  (!i)iii1Iiion-'  niny  hnvc  Imiii  prior  to  tho  onaotniMit<if  ll* 
iixtiori.-d  Iiiw  fTovcniiiig  lea  inii>iii1ntioii,  lln-  Ih-t  now  is  tlmt  imrWa 
wipjdy  is  {iniriiciilly  frrv  fnmi  thih  fonii  of  ndiil((.-rniion.  Thiilrtw 
tion  of  8]>liriouK  Imi  k«ivcs  would  be  nn  «i»y  miilt^-r,  wiiKf  thi-  jfiiimn'' 
liave  a  vory  fhuraoteristio  api»«?aTaii<*  which  can  hardly  hv  <vii)fiwl 
"wiili  iliat  of  miy  of  liic  jiowiliU'  niik-iiniliw ;  and  t-veu  wheii  limktii 
into  >'iimll  bite,  tliv  chjiracteriwlic  difllrtiu'ps  in  venation  and  ^ttraliiai. 
un<i  in  llic  sloniiilii  iis  wi^'ll,  an-  jilnitdy  diwemilile. 

More  probable  fonntt  of  adnltcratioo  inflmlc  t\w  udniixloit  of 
wholly  or  jnrriiilly  cKhtmHtH  l«ivcs ;  the  addition  of  nstrinp-iil  m»l- 
tt-rw,  MH'h  a*  catfihn.  to  li-nd  cidoruiid  iijijiiin-nt  Mwiiglli  in  thi- infiHon; 
iho  jirewuM'  of  foi'i-iirn  mincntl  iiiatltr  ;  and    the  [>iwtt<t-  of  "  facing- 

'I'lii-  (iri-.-tt-nif  of  any  lurj^  jnii|iorlioii  of  i-xImtiHU'd  kwves  na  b* 
drt«i!t«t  by  thp  low  amount  of  total  wihildc  oxtriK't  and  by  tho  nwU 
amount  of  -ulublc  iwh,  which  should  not  bi-  less  than  fl  ]»r  «-ut.  "ft'* 
wii|.di(  of  the Iwivt-*.  Tlic  iirwemv of  ini|Mirtnnt  nnionut.-* of  n«iJtiil« 
or  iiddi-rl  niincr.d  nvilicn^  ii^  sh(l^vu  in  ilic  total  luih,  wliii'li  in  it  pittuw 
KIMi'iniiii  nu'i-ly  nniounU  to  7  uml  iii'ver  to  S  [kt  iimiI.  Tho  snlitwi'*** 
nnwl  iii\vH  foniiil  arc  sand  and  soapstoiie  ;  the  tiivt  nanic<l  ii^  luund  nobW'  I 
linu'."  in  amount.-  i-xtN^liufr  -■'•  ix'f  oirnt.  I 

Cntcctui  is  niiiiliiil  tHxti-ionally  to  ixliaui't^'d  tco  lniv<«  with  the  3m\ 
of  solutions  of  ^unituv  niatu-rs,  for  ih*-  purjHiw  of  addin;;  aytrinp-iioyj 
and  iMilor  to  the  infuh^ion,  Tvni!'  »f  tnatid  havo  but  little,  if  any,  of^ 
the  Inn-  aroma,  and  their  infuHoiiH  yield  a  sediment  in  which  tht- 
tielof  of  (Tiltvhn  ean  readily  Ik-  ^w\. 

The  obji-d  of    "faeinfi"    i"   to  make  the  produot  ap|>iiir  to  be  < 
greater    value,  and    the   pnirtiee   is  thon^fore,   pnii)rrly   ^ixuking, 
whieh  fHitncK  within  the  dflinilion  of  fruu<hi]i'nl  iKlidt*?n)lioD.     Dams 
>  Ilmtim  M«ilinl  ami  SarRic*!  JoitmnI,  April  8,  1)^1,  anil  ScpletnberS,  1887. 
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wotberwMi-  inftriw  Imves  are  matwl  with  Prii»iiaii  Miie,  plumbago, 
iiidigo,  iim!  otluT  siibHtniKK'S,  iirnl  iIk-  >iiiii1!  uiiiiiiirit  which  iulh('ri'.«  ini- 
jiroviw  llieir  cnlor  ami  general  apiMLaraiico,  Tiii-  ani(Hnit  is  too  small 
bi  be  of  uuy  Miiiiar\'  i>igiiifi(3tiK'c.  TIk'  jinvfiu'c  of  tiiciii^  inntcrinl^ 
amy  be  ttetn^ted  by  the  tuie  of  the  microscope  auil  by  cheioical  aualysis. 
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COFFEE. 

CofK*  is  the  seeds  of  the  Cuffai  .imhlm,  dried  and  deprived  of  their 

Bwliy  iiivcrinj;.     Tin-  fruit  U  a  small  l>nlp_v  Ih-itv  coiitaiiiinj!:,  iL->ually, 

tmjuxtls.      The  tree  i.«  raid   Vt  hjivc  orijjiiuit^tl  in  Ahywiiila,  iNlii-rf. 

IwHvviT,  in  tlip  seven tt'onth  ei-ntiirv-  llu'iv  wtm  fnw,  if  any,  siK^cinien^, 

,flld  to  have  Ix-tti  intriKhKiil  inU*  Aniliiii  In   tin-  ril>e<'iith  wnlnry.      It 

»  now  (rrowii  very  extensively   in    Bra/il,  .lava,   I'erii,  Ceyhni,  West 

IiiilIeK,  iind  Ollivr  hot  ronntnis.     Tlii'lii>l  Knr<)|M>:iii  In  niHilinn  it  was 

^osper  Alpinns,  of  Padua,  who  ineliidetl  it  in  an  iU'.fxnit  of  K|;ypli»ii 

'|illtiiL-<,  |inhii«lKil   in    l'ifl'2.     Tin-  lii'>t    work  clfV')ti'd   wholly  lo  oifl'pe 

was*  small  Ixitin  treatise,  f>c  m/ubo-rim"  pi-Hniir  raliui;  by  Faustus 

Xflim,  ICiinn',  lfl71.     ColVw  wif*  first  woUl  in  I^mdon  liy  ii  I>!v«utiiie, 

iu  16.>0,  and  jiome  years  aflerward  wiis  iMlritthift-d  iiilu  I'mnw.     The 

^It  wh"le  <«i^ii  introdiici-d   into  Ihifi  ctiuntrj'  arrived  in   ISOl),  but 

holistic  were  liceiisetl  iu  Majiwiclui>wtts  an  ejirly  a.--  I  7 1  o, 

Tlie  worM'n  prodnetion  of  coll't*  for  tho  yi«r  end«-d  Jnne  30,  1!)00, 

ins  wtiinute<l  at  almwl  000,000  tuns.'     This  eoiintr\'  alone  oonmimes 

more  ittait  the  whole  of  Knni]>«-:   in    IJ^fl?  we  [-ririonnKil  .118,170  imM 

af^iiri  .'JO'i.loO.      Tlie  total  crmsumption  by  Germany  wiw  l.'ilJ.^UlO  ; 

by  Framv,  77,;UO;  by  Kiiclnnd,  l:i,4:iO;  ami  by  luily,  I2,rinn  tuns. 

A»  i»  llif  raw  with  tea,  tyotfvc  mui^t  underjio  a  pivwesB  of  nwistinji 

before  it  is  6t  for  use,  althon(^h  it  is  siiid  that  tlic  Anibiaiis  ninl  other 

I^itorii   pcoplw  make  a  dtxyM-tiou  "f  the  raw  sirticle  and   jiwidhiw  the 

frotinds  as  well    aa  the  liignid.     The  roasliiij;  is  eondueled   at  aboiit 

2H0'  ('.  until   llio  nnfimil  (Hildr,  whit-b  h  nn-eniisb,  jniiyisli,  or  dnih.  i* 

changed  to  a  rich  dark  browni.     During  the  proeess,  wrtaiii  volatile 

unmatic  prineijilos  an-  cU'vel(i|)ed,  llie  iilk.-iloid  ejin'chie  is  diss>i('iiiii<<l 

fn>n>  itic  nnion  with  Uinniii,  the  nioi.-tui-e   is  vi^ry  ]arj;ely   esj>elled,  ibe 

aigar  is  e:ininielixMl,  jra,-e>  iiri'  Ibrrmil  (lurfri'lv  nirhonir-  dioxidi-)  whieh 

rausc  che  berry  tn  "well,  and  much  ni|(tnring  of  the  wll  layers  occurs. 

The  berry  thus  loses  in  wtnght  iin<l  piiiis  in  hulk.     The  jinx'O.'w  must 

he  eondaetwl  cari-fnlly.  cW-  the  i;|Unlity  will  not  W  what  is  desired.  Miice 

if  llif  niHsting  is  not  pnshiil  sntruicnlly  far,  then-  will  l>e  insiiflii-ient 

•Icvclopmtni  of  nminii  ;  and  if  it  in  earri*il  to"  tar,  the  vnliitiU>  matters 

arc'*xp(-11ed»nd  the  product  accjuii-ft.  an  nnpleanant  taste.     On  account 

of  tlie  volatile   nature  of   the  nrmuatio   prinpiplc*  tievclopad,  eoft'ce 

fibonid  bo  nMrtinl  only  a»  the  demands  of  commerce  make  it  neerssary. 

On  long  ket^pin^,  except  in  hemicliailiy  siidisi  (^onliiiinT-,  il  nndirpics 

extensive  di-terif)ralion.     For   the   same   reason,  the   roasted   berries 

should  be  ground  only  as  m-eded. 

'  Cwwulur  IWpom,  Vol.  LX.,  |>.  358. 
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Coffee  contains  leits  caffV-inc  (tlicinc)  tliun  is  fouud  in  ti 
cndnriT  fotiml  tlie  nmouiit  in  26  sanipleii  to  vary  betn-ecn  U.64  sihI  2.21 
|icr  oi'iil.,  uln-ii'ii.t  ill  nbiml  Ijk'  ■■viiiif  iiiiitilx^r  (23)  "(  miap\(»  of  tea, 
tiie  ran^'c  wsis  1.36  to  3.U9.  It  c-iL>tita!n!'  ciHisidcrable  amnitntn  of  fel, 
Ifcjuinillj-  over  12  |«t  ifiii.,  hIhhu  rlii'  Ktnw  iiinontii  ni'  iiitmgcnous 
iiiHttfiv,  small,  ({iiitt?  unini|)ortaut  aiooiints  of  sugars,  gummy  matters, 
and  otiier  substanocs,  and  about  40  jmt  «?Ht.  of  fiber. 

CdHVt  i"  iixii  in  infiinion  and  a*  a  dcwidioii.  Like  t«a.  it  loses  ita 
plfa^sini  anmia  wluai  bi^iWI,  but  its  decoclioD  i.-  Icsh  biitt^r  and  u.*rnii- 
gviii  rliaii  tbnt  "f  li.a.  In  imk-r  Ui  oujny  botii  tbo  fragraii«?  of  an  iu- 
fuiuon  and  tlie  strength  and  body  of  a  decoction,  it  is  not  an  unmminon 
]>riiotice  to  niakv  llmt  thi.-  mio  and  [umr  it  off,  and  ibcn,  with  u  frp^li 
]Jorti(>n  oF  water,  to  boil  the  grouutl>i  for  a  few  minutes,  and  thi>n  to 
mix  the  two  ]ti[nid!t  t/igt-llur. 

(.'('Iftt'  acts  as  a  dt^iiridcd  stinmbint  to  the  ner\'oi»  i^-etem,  enabled  on^ 
better  to  perform  ai-diiouH  work,  and  diniiiiiiihfti  tlie  »en»e  of  latigiic. 
Ill  Kiuall  HUKiuDts,  it  iucrtiisps  the  force  and  frequency  of  the  ptihe,  l>ut 
lalvcn  in  excesMve  (|nantities,  it  taiines  [Kilpitation  and  intenniwion. 
lH-i<It^  p'ucnil  ncr\-i)ii(intvw  ami  dcniiipeniciit  of  iIi^ij^tioD.  It  bus  a 
marked  inhibitory-  influence  on  gastric  <)igestion,  and  is  more  oppn^iiive 
ti>  the  utoinaeh  (ban  U«  and,  bcn<y,  ^hcllI1d  l>e  iiwd  witb  ctuition  by  dys- 
|)eptio.  With  i»mc  |)ersons  it  stunulates  peristalsis,  ailtl  tlins  acts  as  a 
genllc  ciirharlii.'.      Il  iiicr<'iiM>.->  (lie  !«-('reti<iu.->  of  ihc  skin  iitid  kidnoi^. 

Coflee  is  adulterat<il  very  extensively  with  a  variety  of  substances 
of  widely  diflerwit  naliin-,  iurliidiug  chiiuiy,  dandt-linu,  and  irthcr  nKjt*, 
roastwi  cereals  and  legumes,  sawdust,  date  stones,  red  slate,  acorns,  aiwi 
o'.licr  rheiip  article.  Il  i*  not  alone  in  tlie  ground  lorm  lltat  il  ix 
fiiliiitied,  for  even  the  beans  are  imitated  with  mixtures  of  flour  and 
olber  ni.-ilerialx,  ni(tulde<I  to  tlic  COrret*t  »lui]>e  and  carefully  roa^tetl  and 
colored. 

The  det<*lion  of  adultemntd  in  ooffee  re<(iiires  but  little  time.  Of 
gn-at  assistaiKV^'  is  the  fact  that  collt-e  wiritaiiuf  absolutely  no  .-Ijireh, 
while  mn-I  of  the  ooinmoner  adulterants  eontiiin  it  in  abundance. 
TlK'rcfiirc,  if  a  xpccimcn  under  exnniiniilion  Ik  lioik-d  uiul  tilli-ntl,  ami 
the  tiltrate  gives  a  dirly  blue  reaction  with  test-solution  of  iodine,  one 
may  be  Mir<'  tlint  ailnltiTiition  ]w>  hifu  pnicti.'^l.  But  not  all  of  llit> 
adulterants  are  starchy  in  their  iiiitnre  ami,  therefore,  other  examination 
is  neciw^flirv.  Micnwcopical  ■■Xiiminnlion  will  deitt'l  not  only  thestarehy, 
l)ut  the  non-starchy  matters  as  well.  I'nder  the  niicn>sc<i|M',  i;»iiiinl 
roffee  has  a  i-haracti-ri.-lie  apixwrance  whieh  cannot  Ix-  mistaken  for  any- 
thing el«f.  (.'hiwry  and  other  roots,  date  stoncK,  and  all  other  lierriis 
an<l  H?eds  have  their  ovm  (•hai'a<'(eristies.  l-'or  the  mere  determination 
nf  the  qutv^tion  uf  purity,  only  a  knowledire  of  the  micntHHsjiiml  a|H- 
jieiiRinee  of  coffee  itself  is  reijuired,  and  this  is  acquired  eiisily  !in<f 
quickly  by  dirtv-t  !*tiidy.  For  the  identifieation  of  tV  adulterants 
pr«-«ent,  one  necessarily  should  be  familiar  with  the  appearance  of  all 
i>f  the  snlwtanw*  uwd. 

Cliicun'  is  the  root  of  the  Ctchormm  intybtu,  a  perenniul  herb,  grow- 
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mgwildutu)  extt'nsivdy  (luIlivjiU'^l  in  lliis  njiinln-niul  in  Kiiivtpc.  The 
imrn  are  c1c!«]i«I,  cut  into  jiit'oeH,  iliinl  in  kilii!^,  nui^tcd  in  injii  I'vlin- 
<la*,  iiml  trrimiiil  iiiUi  u  cuitrst-  |)>iwdi'r.  Lik<-  coffee,  cliiairy  vkh^n 
BKi-li'd  contains  a  voliitilc  print-i|>lc  suid  h  Mttcr.  It  la  iice<l  i)i>tli  fw 
ita  ailiiln-Rint  ami  it-*  a  hubstitut4»  lor  coffee.  Mixed  with  coffee,  it  U-uOn 
butli  (wlor  uwi  flavor  to  tlir  iiifnmini,  iiiui  t)_v  in«ny  U  n.-gnn\t^l  if  a 
iJiM»ble  addition.  It  itself  is  subject  to  mluttenition  by  cheaper  roots, 
fnuti  M  mnn};i.'lwiim.-l  and  dun  del  ion. 

Coffee  and  diicorv  behave  vcn'  differently  when  tbronii  into  voh\ 
wjiter:  thw  former  float*  smd  rirtiiinn  itf  firm  <'oiisiHiem'e,  while  the 
Iwicr  absorbs  u-ater  very  qnickly  Htnl  sink^,  and  in  its  dtwccnt  icavcs 
streaks  of  o>lor.  Coffi*  which  lia,t  been  iHKi-ited  too  much  will,  how- 
ever, somdimcs  "ink,  and  clncort'  which  bji.i  liwii  trtiitcd  wiili  tiiity 
jubilances  will  float,  Mixlnnw  of  the  two  can  often  be  detected  by 
till-  (iiflcrciiw  in  rwijilance  when  pliicc"!  Itclwecn  the  tet'lh.  Tin*  [iiir- 
^ioleb  of  coffee  are  much  harder  than  those  of  chicory,  which  yield  very 
Awdily  to  itn^s^nrc  iind  idno  liaw  a  .■•wecriKli  taste. 

Inferior  and  diuna^rol  nnv  coffee?-  not  infrequently  are  c<)kinLil  luid 
&ced,  in  onier  that  Ihcy  niiiy  bf  irn|)rovc<l  in  ii[)|Miimn(v  or  Iw  made 
Id  imitate  l»cttcr  Rradc.  The  fticinn  ajieuts  niscd  aiv  mixture*  i-ontaiu- 
iug  variable  amounts  of  ultntuarine,  indigo,  clay,  gjjisnra,  chrotuatc 
of  Ii5«l,  and  (iiid  dnjit. 

Accijrdin);  to  (J,  M'irtz,'  inferior  grades  of  coffee  are  treated  lar^elv 
at  Antwerp,  liollt-iilani,  Hainburj;,  Brcuicn,  und  cIm,"  here,  by  wu.-hiiiji, 
*»loriDg,  and  finally  drying  by  cenlrifngation  with  sawdust,  tlie  refiult 
being  a  fine  white  pnxluvt  of  an  a|i[)Hrcntlv  (frcfiter  value. 

P&ckagc  coffees  sold  nnder  various  n.'uues,  .MU<:h  as  "  French  Break- 
liut  Coffee,"  "Vienna  Coffee,"  and  ■' Eiut-ka  Hn-ak  liwt  0>ffec."  arc 
mrely  unytliiug  more  llian  nxiiited  and  gnniiid  cereals  and  |)eas.  It  is 
to  bo  said,  however,  that  their  eluiraeter  UHiially  i*  indieiiii-d  in  Ihc 
din-etion.-t  tor  nw  jirint^il  on  the  label*,  which  cijnimonly  begin  by 
utlvihin^  the  use  of  "'a  thinl  more  than  you  would  use  of  j^-iuilne 
<offw."  Mierosenpieiil  exarniimlioD  and  tlic  iodine  tcrt  will  rev«d 
lieir  euinpusitiou  very  quickly. 


COCOA. 


l!»  denvitl  Iroiu  the  "^■eiN  of  the  Tlimhromn  cncao,  a  native  of  tropical 
America.  Il  is  i^tiinaled  that  the  annual  pmtluelion  of  the  !.ei-<U 
UDoantA  to  al)i>ul  l.'>n,000,000  ixiiiiidK,  more  tluui  n  fifth  of  which  i» 
expoft'tl  by  Ecuador  alone.  Nearly  a  fifth  of  the  annual  crop  is  con- 
Muued  within  the  rnit«-<l  State-., 

»Th«  fruit  of  the  cotjoii  tree  U  a  jkmI.  alKUit  a  f<iot  long  and  half 
Hji  wide,  filled  with  "  beans,"  or  "chowilate  nut.-,"  about  u>  largi-  .-i." 
almomU,  iiubiil<li.-d  in  five  row*  ui'  fmm  four  to  icn  «ieh  in  a  pulpy 
matrix.  ^\  hen  ripe,  tlie  pods  arc  gathered  and  coIleete«l  into  h(vi|ts, 
und  left  tor  a  day  or  longer;  then  they  are  enl  ojk^u  and  tleprived  of 
'  ZeilacJiiifl  fiir  L'atcrtiKbung  dor  NiihriinKi«  uiid  ()«inuMiiiitt4il,  ISO^,  p.  m. 
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t.Jie  i*c«I?,  which  arc  jillowotl  (o  iirKlfrgo  a  prix-ws  of  fi'riiicntatioii 
in  eiirthpii  vesst'ls  or  in  hult-i*  in  the  ;j:r<iuiiil.  Thi-s  pifitcsH,  wliich  inii.-t 
l](-  n)j:iiljitiil  vi-rv  iwivt'iillv,  hH>  tin-  itn  objii-t  th<-  ivmoval  «ii'  nii  acrii!, 
bitter  Xiii-te  mnl  fi'iiwtiiiciit  iii)|»n>vcnit'iit  iii  flavor.  Sometimes,  the 
&ecfU  ai-e  dried  in  tht;  xun  as  simu  as  n-move<l,  hut  the  |inMhii-l  is  thin 
of  miifli  Its**  vahic;  soniotiinc^,  the  ciUiix-  \>ml  i*  hutii^ii  until  tht'  jmlp 
bet'omec  rotten  and  wtifleiit'd.  AVhen  the  I'eniientatii in  iiroi-i^w  !.■<  cum- 
jilclitl,  the  sn'tsii"  iiR-  drill!  I'liri'tiillv  in  the  .-•iiri,  niid  ihcn  bccntnc  luiixl, 
brittle,  and  reddi^i  or  reildiwh  hronn  in  t-olor. 

In  tho  pri'imralkiti  of  iioooa  for  the  market,  the  r-vcti"  first  are  ekvined 
ami  cjirefiillv  nmrted.  A«  is  the  wi«?  with  c«IJee.  the  roastinj;  nmst 
\w  earned  to  ii  eerlain  jMiinl  to  insnre  the  devil"|)nii'rit  of  ihe  iliwired 
(liivor,  hut  not  so  far  hevoud  as  to  im)mir  it,  Duriiif;  this  |mK'tvf^.  the 
thin  husks  of  the  seeds  become  nioi-e  detaehabh\  ami  hifore  the  next, 
o|H'nitic>ti  they  niv  removed.  'J'heii  the  ivviU  lire  enisheii  litjhllv  and 
freed  fmni  their  hardened!  permt^,  and  in  this  form  are  known  as  "nibti." 
Thtvie  aiv  ground  in  a  .-ijieein!  form  of  mill  into  ii  pasTc  ("  flake  (""i-oa  "), 
whieh  is  iiioidtle"!  hito  eiikm-  and  allowed  to  hanleii.  In  this  form,  the 
]irf»dnet  is  known  as  j>lairi  ehmiiliite.  The  sweet  and  flaviircd  choi-o- 
liites  arc  made  with  the  adilition  of  siiptr,  vatiilla  h«ms,  einnamoii  and 
other  spices.  Inferior  vanilla  chocolate  is  made  with  artificial  vanillin 
and  eoiimnriii,  in  pUi-e  of  the  fur  nuirc  exjwnisive  and  belter  tiavon'd 
vanilla  l)can. 

For  the  prepaiiilion  of  powderc'*!  eoemi,  it  is  niiT.««arv  to  ivmovo  n 
part  of  the  oil,  which,  when  present  In  itw  normal  amount,  favors  ejik- 
ing.  Thi)<  rt-movid  is  aee<iin]ili!<h<Hl  hv  hvdnmlie  pressure,  and  ihe 
paste  is*  then  jMwcd  lln'ouj^h  sievcj^  ()f  e.vec^-diu^ly  tine  mesh. 

The  iMi-ealh-d  s>ihil)le  efKoiis  an'  jHvjianil  with  snjpir  and  staivhe.s 
partictdarly  armwnwt,  bnt  the  eoitMi  itself  h-  not  whible  in  water.  The 
apjiarenl  .solnhitilv  is  due  to  the  fineness  of  the  junvder  and  to  the  in- 
crease in  the  K]x.iMfie  pnivttv  of  the  litpiiil  due  to  the  snpir  in  m)hition, 
Ikith  these  conditions  favoring  jirolonged  sunjxnisiou  wiihoni  wdimen- 
talion.  Some  of  tin-  I)uli'li  siiliible  (■oe(ia.«  are  In-alinl  with  alkalies, 
for  the  removal  of  the  crude  filjcrand  for  their  cfliii't  ii|M'n  theeoloring 
maltiTS.  Thesi*  eoowis  iherehy  Insi-  pan  of  their  natunil  flavor,  bnl  lh« 
low  is  made  np  jiomcwliat  hy  the  aflrhtion  of  fni};n»nt  foreipi  inntt^-r. 

Coeua  was  intmdiieed  into  Euri>pe  hy  the  S|Kin!ards  aller  their  in- 
vasion of  Me.iiei)  uixler  ("<)rte!'.,  in  I'iMK  It  wa.-'  not  known  in  Kn^land 
tmtil  IG.ii,  when  it  was  <^dd  first  in  London  by  a  Frenchman.  In  this 
i-ouniry,  il  first  \rjis  pre]ian'd  and  sold  at  Danver^,  Massa<:hnsetts,  in 
1771,  from  raw  material  hron},'hl  fmm  the  \V«wt  Indie  by  the  linher- 
men  of  iiltiuewter. 

Unlike  till  nnil  e<)tree,  whieh  hi  them.-ielvi'!*  ran  liardly  l»e  rcpintecl 
an  adding  Utiy  nutriment  to  the  diet,  ei>coa  if  an  exceedingly  valnahle 
food,  which  [>os!*rw«-s  the  advantage  of  ninth  nutriment  in  small  hulk, 
and  hence  is  )Bn"ticularlv  suili'd  to  ihe  needs  <if  tho.*e  oiifragefl  hi 
■■x|Hilitioits  n'move<l  from  eivilixcd  eenteni.  It  makes  a  wholesome, 
ngreeuble,  btimutunt  beverage,  and  \h  eateu  in  the  form  of  cluxNilate, 
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and  a»  an  atklitliin  to  i-ukra,  pinMiiif^^  nnd  otliur  comjKMiniU.  Ttie 
vot-in  iiihn  and  (ibiii  chwulatc  owntaiii  about  •'iO  |>or  cunt,  of  a  whitish 
fiolid  lilt  of  Hfirw^ihlf  tji>U'  Hiai  tifiii'll,  vnuimcmly  known  as  i-tKiia 
I>ut1i?'r.  Il  cuntaiiH  varraltlc^  uniouiits  of  the  alkuloiil  tlicobroniitic 
(^dinK-thyUniitliiiiv),  wliii:!i  is  r(.'lnt<il  vviy  clcwly  to  lail'dne  ami  iheiue 
(irimethylxauthinej,  and  has  nearly  the  same  physiological  uutiou, 
3iltlion}:li  T>i>ini-wlint  it.'»s  stimulant  iind  ralht^r  iiioie  diuretir.  The 
amount  is  said  to  average  about  1.-jO  jier  ii-iit.  Cimiii  if  rit-h  in  iiitnv 
geiionti  iiiiilli'i-,  f<tnliiiii.-<  inori-  ihan  10  |H'r  oait,  of  a  starch  with  smiJI 
round  granules,  iind  about  ^.50  per  ttiit.  of  wsb,  which  is  largi-ly  phos- 
phate of  {>otfl.-.Hiuni. 

Sxt*tii  uimlvHce  of  the  kernels,  conipilwd  by  Kiiiiig,  give  thi-  follow- 
ing averages : 

Wawr i 3.S8 

■  fti 49.82 

H  Srnrvli 1»J5 

^H  fixti''i'.'tjvt« 13.18 

■  Fiber 8.66 

■  A»h _JM 

^  100.00 

The  hasks,  commonly  known  as  "  shells,"  are  used  in  the  prepam- 
tioti  of  a  ("Ih'jiji  iiml  \vlii.ile.'»iniK'  lievcmKc-.  TIk'v  t-cnliiin  lillie  Hit,  but 
arc  about  e<j[];il  to  coc-oii  in  nitiYi-jfenous  matter,  and  contain  more  thau 
40  per  cent,  of  nit  r"f;fn-rn'<-  c-xlmctivcrt. 

Cviooo  and  cluK'oIatt-  are  snlijeftt  to  extensive  adulteration  with  «iil>- 
stano<!a  having  tnui'li  1c».'^  oiiiinivrciiil  value,  tJicui^b  ihtIuiiis  eqiiallv 
nutiitiou^.  Among  those  used,  are  starches  of  various  kinds,  as  wheal, 
rye,  poi;ito,  arnnvnml,  iiiui  riee,  i^ngiir,  vt^otwhli;  oilj^,  mutton  tidlow 
ami  otJi(Tl!tt«.  \'euctiim  red,  eijiy,  and  brick  dust.  Variouf  Itavoriiifp 
are  employed,  su<h  us  vanillin,  i-oumarln,  elovi-,  miitT,  eanlamom,  am) 
nutitK^ ;  bnt  niiU>*  these  are  used  under  the  name  of  vanilla  or  of 
other  flikvorings  th&a  themselves,  thc^  t^anuot  1h-  rifrarded  as  udnl- 
terations. 

Fermented  Alcoholic  Beverages. 

BEES. 

Beer  is  the  f^'neric  term  which  itielndes  all  fermented  drinks  made 
fn>m  nudt — lager  beer,  ale,  jwyrtiT,  nud  slonf.  \»  cumniotily  un<lcr- 
fftood,  iMf-r  in  iin  iiifiLvioii  of  malteil  barley,  flavored  with  hops  and 
rvrmrnled  with  yeast;  but  on  lUK^oniit  of  the  fiut  that  mIioIiwhuv  nuIi- 
etitutes  for  malt  and  h()|*s  nmy  \w  empioye<l  in  its  manufiicltire,  it  is 
definnd  aW  us  a  "  ferment^l  siiwharine  infusion  to  whieli  fioine  whol*^ 
w)mc  bitter  has  Uvn  adiled."  In  tliis  wuntry,  the  twm  beer  \» 
reatrictt-d  commonly  to  the  prcxJuet  jrenerally  known  as  lager  beer. 
Porter  is  a  l>eer  with  a  high  prroentap:  of  aleobol.  ntid  iw  made  from 
malt  drinl  at  :i  liifrh  (eraperature.  Stont  contains  less  aienhol  and  ho]is, 
Imii  miiTf  malt  extract.    Ale  is  a  [mli-  Ikit  <i>niainii^  inure  hop  cxtniet 
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and  ](>»'  nuilt  exUnct  th&n  porter  ur  stout,  iiud  bivwed  by  "  top  &nni'n- 
lation." 

BoiT  wiw  iiijidf  by  llic  Kjr^ptiiinK  iimiiy  ci'iiiiirif?!  Ix-fi'W  tin-  Cbmiiau 
era.  It  is  relat«l  ihat,  for  [>ublic  i\yi»i>ii>*,  the  f'U|ij)r(*(-ioii  of  beer-*lini» 
Hii*  iiltf-iiiptfd  by  tbfir  gdvcniiiiciit  mmv  llinti  forty  tviitiirii'*  iip\  Tim 
art  of  bn-wiri^  was  tatiglit  by  tlii.-iii  tu  the  aitcicnt  Gn-uki^  uiul  K'niuiiu; 
thus,  bwr  was  a  coinimni  drink  in  Greece  prinr  to  700  B.<;.,  ai»I  »m 
oiii-  of  till-  princi|iiil  lx'^■^■l■5lp^  of  iIk-  soMior*  nf  Oli-swr.  In  thi*  lilt* 
of  TacitiLi,  it  u-ai-  in  oi>innioii  um-  in  Germany  ;  and  Pliny  tipeitkfi  nf  iti 
usi-  in  SjHiiii,  Tho  awiciit  ItrildiiH,  lU  llii-  lime  of  thv  Hoiimn  itin(|iu(t, 
tuade  it  from  biirlcy.  M  tlic  liinv  of  ibi-  Noi'Dian  cnntiucst,  ilic  wufdl 
beur  and  nit-  iniunl  in  Knglnml  (he  Mime  tiling :  n  drink  nuidi>  uf  tuitt 
u'ilboiit  liiipw.  Ii)it»T,  tbo  word  btcr  ft-II  into  dii^uw :  but  in  tlir  fif- 
t«ontl)  and  j-ixtei-uth  pHiiuric-s,  after  the  in  I  rod  tut  ion  liy  l\w  npini«li 
of  b(vr  miuic  witb  lioin".  the  U-rin  wiw  rc-vivetl,  nnri  tbt-n  nu^ant  luiji[ 
ale.  Tbt-  use  of  lio[ii-  wils  forbidden  in  IWO  by  Henry  VIII.,  wbft 
rt^irdiil  tlicin  a.H  iin  Ei(iidt<.'miir,  and  in  tbc  lirxl  yuir  of  ib^  mpttt 
Uirliai-il  III.,  lliL'  mitboritic?^  of  Ijondon  Inid  a  Rnc  of  (is  M  vntvttj 
birrtl  of  lii'iT  loiiiainiiig  ilicni.     l^iur,  ibis  wiis  ri'duci-d  on«-li:ilf. 

Tlic  pr4Jn<iini-  ng1lin.^l  tin-  net-  of  bops  in  bn-wbifj  is  ixpivvicil  l)y  one 
of  the  earlieht  Knglisb  writers  on  dictetirs,  .Andrew  Uo«»|idc,'  «hu  »awi 
"  All*  i*  inndu  of  nmltr  and  wntir ;  and  rbfv  t\w  vtliidi  do  ]uit  irny  omei 
tbvnpe  to  ale  than  is  iX'herscd,  exr<-|it  v«-st,  barnie,  or  giKb'sp"«i,  i!>'l8 
M>fy.''linil  tlicyr  tili-.  .\\v  for  iin  Kiij;b>»lii'  niun  is  a  Diiinml  dniilw. 
Ale  must  liiuie  tliesi-  [)r<)|>ei1yen :  it  must  In-  fresj-he  ami  (Iran,-,  it  nliKl 
not  Ik-  ropy  ti<ir  .-inioky,  nor  it  nuist  biuie  no  well  nor  mylc.  AIp  (ihnl 
not  1m-  drunk  under  v.  dayes  olile.  Nrwe  ide  w  vnholwme  for  nil  mtfl- 
And  riowrL-  iilc,  iind  ditide  nlo  llu-  wbieb  dotli  siande  a  tylt,  h  )t"Oil  f* 
DO  nmn,  liiirk'V  maltu  ninkilb  lictter  ak'  tb:ui  ol»n  niallt-  or  niiyi'ibo 
conn-  doth :  it  doili  engeodre  grosi'  hiimonn* ;  but  vette  it  nwkrtbl 
man  ntn>iijir.  Ilere  is  made  of  niiille,  of  liupiK-",  and  water:  il  \f^ 
Diitnnill  drynk  for  a  Dutcho  man.  And  nowe  of  lale  ilayes  it  e-modn 
vstil  in  Hii;;lande  to  the  <k-trymint  of  mimy  Kngly.-iiibe  men  ;  spwynllj 
it  kylleth  them  the  which  l>e  (ronblwi  with  the  rtilyeke.  and  ibo  MoM 
&  till-  .stmngnlinii ;  fur  the  dn.  like  is  a  eolik-  drynke ;  yet  it  doth  nwk 
a  man  fat,  and  inflate  the  bely,  as  it  dotb  appt-re  by  the  I^itchr  iMfl 
finx'>  &  U-ly(-_-i.  If  (be  U'n-  Ik-  well  rii-ruwl,  and  W  fymd,  A  not  ofW 
it  dotli  <jiinlyfy  the  heat  of  the  lyiier." 

1'he  ancient  (icrnnins  made  beer  from  all  kinds  nf  groins,  and  1 
flavoring  nwi  oak  Imrk,  «igi\  and  Iciiviw  nf  tlio  laurel,  adi,  ami  tainAJ 
riiik.      IIop<-  were  iiAetl  more  or  less  from  the  ninth  eenturj',  and  attsi 
iuto  p.-neml  use  in  tlu-  eleventh.  1 

Ryr  being  the  eomnion  drink  of  miwl  Kiiro|»cjin  peoples  l>cforp  tb 
e>tabli.-<hment  nf  rolonice  In  Ameriiii.  it  lollowed  natumlly  that  lit 
early  settlers  of  thin  <'<innlri,'  hmnglit  thi-  art  of  brewing  with  tlH3|| 
In  IH'IU,  the  cultivation  of  liopw  liiul  been  carrie<l  ou  for  some  tiniej 


'  A  t'nmiJtnil.voiw  K^Rvnifiit,  or  A  I))fi-tBry  of  Ik-llli,  loiule  in  >loDnt|>rli«r, 
pyled  hy  Andiotc  Boordc  of  l'liy>;rclii:  lloctuur,  Liondun,  IS4S. 
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New  Antiteid&m,  and  bop  rootii  wtYr  »a\.  (or  front  Rngbuid  hi,-  tl>c 
vnborities  of  Masi^iacliasptt^  In  narly  all  the  oolonw*,  the  biwring 
of  brer  vnu>  rrgKnlitl  u^  qiiitf  a»  (^■icoitial  an  »rcoini>lL''hmeot  (A  wonien 
as  the  abilitv  to  make  good  brvad. 

Thr  tlr»t  Inw  rc^ilating  the  salv  of  aWholio  be^-eragw  in  Miu^soi- 
cfaiMftti'  w:k§  made  iti  Hj^^t :  it  prr:*<^'nlM-(!  tluit  ito  ihtuxi  slxtiilJ  sell 
winv  tir  »piritj*  without  a  ptmiil,  but  made  no  referentv  to  beer.  In 
tbc  followiii];  %'ear.  il  wa^  i;inl(-n.il  llutt  no  (mk  i>hould  chaijif!  morr  than 
a  penny  fiir  a  quart  of  beer,  and  in  \<^Yt,  tlntt  no  iiin-kcc]>er  or  \k- 
toallcr  »Iionld  ¥cli  anv  inioxicating  drink  Ixii  \»vt  ;  and  ihi-^^  they  were 
pnbibited  fmm  brvuing  thentsclves,  but  a\\M  "titaiii  Inmi  u  Uccdh:^ 
breww.  In  tlw  following  y«ir,  owng  to  the  feet  that  the  only  one  of 
thi!'  class  wati  unable  to  m«vt  the  dcuiaiKl,  th<y  uvre  ullowi^t  tv  (tuMlurt 
the  pnNVK  tlwniMJviw,  In  Ifi4!>,  it  was  onlercd  further  thnt  every 
inn-keeper  :ind  violualler  shmttd  kwp  alwiiy.-  mi  hand  a  -npjilv  i>f  g<K)d, 
wholi-sotnv  Ihit.  In  IH'd,  tlie  eoiirt  undertook  to  ftimulnte  the  pro- 
duction of  a  better  grade  of  bct-r  in  tlie  Itcliof  that  lberel»y  the  growing 
tetxJenw  tti  tJie  ii.-^*  (if  wine  and  spirits  and  tlic  increa«ng  habit  of 
dnnil(enni:3E«  wmiIi]  bi-  eheekdl,  and  pcrniiitsiiHi  was  (rranted  to  char^ 
one.  two.  and  three  jienoe  per  quart,  according  to  the  amount  of  nialt 
ib«<l  \wv  hiirrpl, 

A  duty  of  a  shilling  ]>er  bushel  of  intportc<]  mult,  inlpnsed  in  l(t'>4, 
flallnl  fiirrh  n  protirrt  fnini  B<>t<ton  nu-rt^liaiiLs  on  iiicoiint  of  the  ver}' 
great  imjwrtant-e  of  beer  si*  a  Juverage  of  ihc  pttiple.  In  die  following 
ymr,  in  onler  tu  pmmnti.-  hunii.-  |tnNhiotiiin  of  itudi,  ini]>ort»(.i()n  n'a« 
prohibited,  but  thi*  oi-der  was  re|>ealed  in  lUGO.  In  IUU7,  the  use  of 
molasM^  a»  un  adidlcnuil  of  lM«r  wa^  puninhahle  by  A  fine  of  five 
pnumls.  Siniilar  Inwii  relating  to  l>i?er  were  paiwod  fiDm  time  to  time 
by  tlu!  nnihorilHv  <>f  nil  ihi-  nrigiiuil  <i>loiuf!<. 

Process  of  Blantifacttire  of  Beer. — The  lincl  ^^tcp  in  the  hrrwiug 
of  hei-r  in  the  |)rt|iar.itii>n  i)f  ilw  nialt.  The  barley  first  U  sti-efHiI  in 
VTDtvr  for  Mveral  <liiy$,  and  then  \»  rcmovctl  and  iirrsngm]  in  beiips, 
which,  afler  a  time,  are  spread  out  and  turuwl  rppeait«>dly  until  gemii- 
liation  Iulji  pnicMiHletl  to  the  nijnisite  extonl.  Next  it  in  ilricl  in 
kiln«  at  a  tenipernture  Ixlow  or  about  Vi^)"  F.,  and  then  is  heated  to 
ftraa  12.5*"  t)i  ISO^,  Hoconling  to  tht-  ftdor  dtu-intl.  This  priK^aw 
duvclops  flavor,  completely  checks  germination,  and  determines  th« 
oommereial  character  of  ilic  pr<«dii<'I.  Tin-  ^Iwpiiig  of  the  malt  is 
<hine  Im>I  in  water  eontaining  onnsiderable  nf  tlic  mineral  «dls  thnt 
«iuse  lianloess;  a  soft  wilier  exerts  too  miieh  solvent  action  on  the 
)imietd  matt<tr»,  which,  soon  afb-r  extrw<-ti<in,  iir*^  likely  t<i  nnder^o 
decomposition.  During  the  progress  of  germination,  the  ferment 
diaatBAe  is  dpvvlnjKil,  ami  pnieceds  to  cnnvi-rt  the  stnn'h  into  dextrin 
nnd  RialtoHc.  After  the  germs  and  nxitlete  have  Itein  riTniivciI  hy 
proper  screening  .ind  lifting,  ilit-  nmll  is  cnishitl,  and  then  an  inftwion, 
ihi-  "  wort,"  is  mnde  with  water  at  iibont  lUO"  F.  This  i.-^  dniwn  off 
from  the  exhanstol  mall,  and  then  boiled  for  an  hour  or  two  wttli  hops, 
which,  bortides  giving  a  chanirteriirtie  bitter  flavor,  aiu^st  in  elarificnlion 
I  i; 


178 


Fooas. 


bv  the  action  of  thdr  (vniiiiiti'd  tiiiinm  on  sociiv  of  thv  protdd  nuttec? 
Then   tlie  iKrtkJ   biiter  wort  is  cnt)lwi  rajiiiUy,  mil   iulo  vnis,  tiiix4 
wiih  }'«■»!,  iiikI  ulluwtti  to  ft-niK-nt  for  wvi-nil  ihty^,  duriug  whkh  (in 
alcohol  auil  carbonic  acid  are  fomu^  from  the  multcwe.     The  nataq 
of  tlic  ]>pKlu<:t  in  iiilltifiK'i^  vm*  lurg«')y  hy  Uh'   purity  of  tlip  yva/t 
natl  by  the  niPtliotl   of    fiTnivotutiou   followod.      Top  fei'iueiitiili'in  '» 
mrricil  on  i-iipiilly,  siiul  itt  :t  ruiiijuinitivcly  bi^h  U-iiijM-niUin-,  tlk-  yiTi4 
(ITuwii)};  at  tin-  F-tiriitoc  ;  in  bottom,  or  eediuipiiljiry,  fcniieiitati-m,  tin 
yenflt  giuwt)  at  die  liottoni,  the  prooesii  ia  slower,  nud  ii«  currted  un  ali 
lower  i<.-iii]M'nktiitx-.     Tlie  <'lii»-f  acKiintiige  of  tbi.'  i>ni])Ioynient  of  ywu 
whidt  itrows  at  ii  b>w  tc'ni]>enitiire  is  that  otlier,  |>erliiii)ci  (n)Hi«!raM<| 
^>«lhs  miiy  Ik-  iiniibb-  ro  jironttl.     Wlialcvcr  tlu-  pnKvw  of  f< -mi cult 
tiou  followed,  not  all  the  r-xigar  should  be  allowed  to  l>o  (^>nvent<l,  /m 
then  the  Hiivor  would  ho  not  what  it  itlionld,  and  the  ktf]iitiK  qwlilia 
would   W-   ii]i)iaiir<yl.     Ou  the  coinpl(>tioti  of  femientatiun,  the  Wr  11 
scpaiatttl  fpiin  the  yiwft  and  truti.->f('rr(il  i<i  vntu,  when-  it  i.*  rlarificl 
Aj«  I'tarifyinn  apnt-^,  a  variety  of  inateriali'  arc-  uwd,  the  chief  of  nliicll 
an^  eliijMt  or  siiavin^  of  icrtaiii  woihU,  a.-  luiA-)  or  Uivli,  wliicb  atlnct 
and  hultl  the  |Hirtiole>>  wbicb  chum?  turbidity.    TbcsK*  inutcnalH  u^rct  ia 
no  way  the  tawte  of  tbi-  Imi-i'.     Other  HibstaiiceA  us«l  incliulf  Kclalin, 
i.iiiif^liuiH,  Hax-sfiil.  ami  ('arr!iK«fii.     After  clarificatJon  i<t  Hd-onif'li'hoi, 
the  pi-othiet  i^i  stortTl  for  ii  time  in  storage  cai-k;',  where  it  iiiidcf^wsi 
fiirtbi-r  .■•low  feniientntioii  at  n  low  tempera t lire,  aller  wbteh  it  i*  naif 
for  use. 

SubsMtUtea  for  Barley  Malt. — White  bnrley  \»  ree<ij;tiiy*  d  amtf 
aallv  jis  tbi'  yniiii  Ih'.hI  fiut»il  to  tin-  brewing  of  wlioleMimi'  bivr,  idV 
other  eereal  may  Ik-  iiwil,  Sniietiniej',  iinniailol  jriiiin^  arr  mldcJ  t9 
tiie  malt  befon;  thr  infusion  is  made,  for  the  diastase  of  the  "'all  >| 
(«pid>Ie  of  eonverliug  not  only  the  ntareb  with  whieh  it  imliinillyl 
associated,  but  a  lai^  amount  of  odier  sta relies  ;  and  so,  riif .  W'TIi 
and  olhi-r  eniiiU  iiiiiy  be  iinplovcil.  fihu-'W  and  laim-  sugar  arv  iww 
wjmewbal,  but  the  j)nKluct  is  decidedly  inferior  in  qiwUty.  wnre  lliW 
siib<tanctxt  aiv  bii-king  in  some  of  the  elements,  as  |>r<«tcids  ami  ml''' 
«nil  miittcTv,  whieh  contribute  to  the  dcj'ind>ie  chanuier  of  llie  '** 
beers. 

C'lmeeriiiiip  the  ui«e  of  (glucose,  which  nddw  stifiipth  t<t  the  wort,  li"" 
can  lie  no  objeelion  on  the  rn'on'  of  being  in  any  way  deleteriiW*  " 
heiilth.     The  jmiHihir  k-licf  in  the  iinwhoU-xiniciKw-i  of  gluctw; 
from   corn  slanh   h-d  the  U.  S.  Treasiin-  Pejuirtnieiit,  in   IRS^i 
re(jiies(  an   invi^ti^ili<iti  of  the  "iibjct-l   by    ihe  National  Ai-sidemy 
Science*.     This  was  conducted  bv  a  ronmiittec  of  eminent  wii-iilt^i 
ineluding  Profes,»iii>(;iblj«,  uf  Hiirvard  ;  Bower,  of  Yale  ;  Itcmseii, 
Jobno  Hopkins  ;  Barker,  uf  Pennsylvania  ;  and  CIkiiwIUt,  of  CuliimW 
whose  conclusions  were  :  that  the  pnxvi^sc.''  •niployed  ilt  the  niamilai 
wre  are   uiiobji'<rtioiiablc ;  tbiit    tlie    priKlnet    is  of  cxwptionid   l«in 
and  in  no  Vi~ay  inferior  in  lifidthfulne-ss  In  eiine  sugar;  and    that  then 
was  no  evidence  adiinciil  In  show  that,  even  when  biken  in  large  C)     ~ 
tilii^  citlKT  in  il«  natiiml  condition  or  fermented,  It  luw  any  inju 
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i-ffi^-b'  ujujii  tbe  !'y:>U;ni.  From  a  recent  e-Xperience  in  Engiaml  il 
appeals,  baw«ver,  tbat  nni  ull  miiiiiitWuircn  pnHliic«a  jiui^  article; 
whI  (hat  if  riul|»lmri<-  afid  tuade  from  arseiiicsil  ](>Tit<?s  \>^  ii«><l  in  the 
pTooem,  ihe  rti-Lltiiijj  siifirir iiinv  ciHitiiiii  .iiitlitiifiit  jirMiiic  to  caiuw  seri- 
oitoi  and  vvt-ii  fatal  |>uiB(niing-  In  Xovember,  1900,  Dr.  K,  S.  \Xvy- 
iialtU'  called  atti'ution  I"  u  iiiiniljcr  uf  wi-Hw,  clmnu^l^Tized  by  [jaralysis, 
w-a.ttiiig  »f  <%rtiii»  muscles,  and  loss  of  function  of  certuici  sciinoiy 
ncr\e«,  wliicli.  after  miisicK-niblir  ^rudy.  In*  dciridKl  t4>  Ix-  arsenical  iwi-wn- 
injf.  Slmrtly  aftirwiml.  an  incitsu*  •/rn^  Doti«?d  in  the  iitimlicr  ol'iaL-ctw 
•  if, nnd  di.>utbe  from.  pcriplK'nd  ncnritin  in  difli-ivni  cities  and  hiwiih,  and 
u  appeared  tliat,  In  Munchc.'-ter  and  Sulfonl  alone,  XWrv  vivVk  abuul 
3000  Kwof.  unil  tlijit  llif  vit'tims  wciv  drinkeis  of  lieer.  The  beer  in 
use  wan  examiiit-<l,  and  fonnd  to  be  dli^iiictly  ar^onin*!,  and  il  wiw 
lumKil  llwit,  in  it^  maiHifactiiiv,  plin'-iM'  and  invert  sugiir,  nuidc  at  a 
facdirj-  ntar  Livi-rpiMjl,  bad  been  employwi.  S|MH-inii-nM  of  tin-  f^hionse 
WcPC  fiiiind  to  (tunUiin  from  0,02  to  O.O.'t  [mt  cent,  of  artwuioiii-  oxide,  and 
ezmnination  of  the  various  beers  mude  llicrcfniMi  ^Imwi-d  from  0.10  to 
1.50  gnnns  of  iirw-nic  per  pdloii.  'V\w  juaonnt  of  beer  con»umMl  by 
iW  victini'i  varied  from  a  |(int  In  two  gidlon-^  per  day  ;  ninny  tir&iik  a 
galhin  caoh.  A  piu-liumi-ntitry  (MmnnU.iiori,  iip[M>inI(Hl  lo  inve^^i^tte 
tbc  nuittcr.  re|x>rti?tl  finding  from  O.od  to  li.17  (rniitw  <jf  ar.-M-nio  jwr 
ponnd  of  (tUic<)!*c,  1.40  to  4.;t-l  grain.'*  pi-r  pound  of  invert  (-ugar,  0.25 
Ui  3  gniin^  t*'^'''  pdion  of  beer,  and  1.40  to  U.iJO  per  eent.  of  iirwnie  in 
tbe  sulphuric  arid  with  whteh  the  >npirs  were  made.  ISetwocti  Xo- 
vcnilwr  25,  liKH),  and  Jannan-  10,  HIOl,  there  were  no  h'ss  than  'id 
deaths  in  )Iancbe.-<tcr  nlontr,  vvhieh  wen-  itttribut(il  to  arscniind  priiKon- 
ing.  'Hie  i^'inpti>nis  ()lwerved  in  tliis  extensive  otithfRik  Iwgan,  as  a 
rule,  with  ilisturbance.-'  of  digi^tion,  followed  -iooii  by  liiryofriid  jind 
bmiii-hiiil  t'litiirrh  and  at-ntt'  j^kin  ernptiouK,  and  then  by  di-tnrbiniws 
of  wibiiljility  and  motor  ]»aralysis.  The  ea.^tw  were  jrronpiil  into  iho-w 
in  whifth  all  th*-  ahove  .-•vmptoniK  wcnr  fairly  well  marked,  and  tbo)M?  in 
whirh  the  prineiiwl  lesions  were,  respectively,  of  the  f<kin,  ht-wrt,  and 
livi-r.  ;iiid  piiraKlii'. 

Substitutes  for  Hops. — Various  suhstaix'es  have  fVnm  time  to  time 
been  roporieil  a.*  bi-iuf;  nw-tl  in  iilaec  of  ho])s  to  Rive  bitteni(*»  to  beer. 
The*'  inchiik'  m^irly  everj'llnnj;  having  a  bitter  tawu*,  sneh  at*  .-irych- 
nine,  cbimta,  aihiniba,  nwcnhix  inilinL>i,  alix.*,  and  picrit"  in-iil.  <.'i«vnhii* 
indien.4  wa.'«  uiiiitiomnl  In  Ilolhind  ai^  wirly  .-us  IC'JO  as  an  adulterant. 
Till*  and  its  active  ])riii<'ipli-  pit-nito.\inc,  ami  pioric  acid,  liavt*  lii«-n 
employed  I HViuiloniilly  in  England  and  elsewhetv;  but  at  the  prMcnt 
time,  il  i*  safe  to  say,  mme  of  thc^*!*  Mih^aniHW  i*  ii-^cd.  Of  47(i  «m- 
ples  of  beer  fXinnlned  fl.r  the  State  B^anl  of  Hiiilth  iif  Xcw  York,  in 
18fi5,  not.  one  was  found  lo  contain  any  hop  Mibntitntt^s  whatever. 

Xo  objections  eim  he  idlc^eil  ajpiiiist  cneh  wholewmic  hitter*  as  qnaf'*ijir 
gentian,  cnbimbn.  and  ehirata.  Evidenee  that  they  e\'er  are  employed  is 
exccdlinRly  ?.lighl.  \n  a  nmllcr  of  faet,  tliciv  i*  no  8titiitfactiir\'  suli- 
Mituie  for  hi>p",  which  give  n<rt  alone  bitterness,  but  other  fiavori;  and  a 
'  Hritl«h  Uwlkal  Joiminl,  Nov.  34,  ISOft 
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peculiar  aroma,  due  to  the  reeinoiiB  matter  which  thej-  contain.  In  ilic 
Mxtvmth  and  .sevcti let-nth  centuries,  x-nrioii^  ntFier  ffiivoriogs  ncn?  ueed, 
siifh  as  siffe,  eorijinilcr,  laurel  leavers  pepper,  grains  of  Paradise,  orris, 
and  enHi-ntial  oils. 

Physical  Properties  and  Obemicol  Composition  of  Beer. — If<.«r 
ahouid  be  [Ktrfei-tly  clear  anti  briyhi.  Tlie  pn^i^cu'i;  ot"  wnj-  tnrbidity 
tlouotm  either  iiiipertiK^t  hrcwin);  ur  the  oecurreuce  of  undesirable 
dwom[»ottitioii  pnit*i-)*K  Tlie  bttcr  an?  :i«oon)|iai)i<'d  (p'lu'nillv  liy  tlis- 
ii^riMibli'  "don*.  The  tafU-  slmuld  lie  |i!wwiiitty  bitter  smd  inclining  to 
sweetnes*  riitlier  tlian  tu  iicidiiy.  Tliere  should  In-  a  siifticient  iinmuiit 
of  curbi'uio  ai-id  to  ninkc  a  ]ileii.-<ant  ini{>n-ii»ii>n  in  tlie  nnHitli,  eudi  iw  a 
not  proiJuwd  by  fltit  bwr,  TItc  gjn'cifio  gravity  rang<*t  from  about  1 .005 
to  I.Dlio,  avenigiug  Ih'Iow  l.O^tl.  In  bock  bwr,  which  i*  n  spifial 
brew  continuing  ;i  i-inisidi-ndflt.'  incivaw  in  malt  extractives,  the  6ijeci6c 
gravity  in  notably  higher,  running  a*  high  hj«  1  .ffJ-^,  and  it^cm^ing 
nmre  tlmu  1.021. 

The  most  iniiHtrtaiit  conrtitiients  of  hi-er  are  the  extract  and  iileoln)!. 
Tin-  I'Jttnict  iiirludc  nil  of  the  non-volatile  matters  iu  wilntion,  and 
concistj*  of  pniieid  matters,  dextrin,  sugar,  hop  ivsin,  and  other  muI>- 
n1iuiee>  left  n«  ii  rf-'idnc  on  ei>m|ilctc  eva[Minition.  Tin.'  iinionnt  if  vsiri- 
able;  it  is  highest  in  porter,  stont,  and  bock  beer,  and  hmest  in  the 
lighl-eoloreil  loger  iHjt^rs.  In  llic  former,  il  uvenipCN  ulmiit  7.-'J0,  un<t 
in  the  latter,  about  •>.'>{}  ]wr  cent.  Twenty-eighl  -iperimens  of  Amer- 
ican Ix'erK,  iil(t>,  nixl  {xirti-r  ■'oUceti'd  in  W  .-i.'^liingtou,  inxl  iirmlvxcd  by 
Mr.  C.  A.  Cnimptou,'  averaged  n.Sy  per  cent. 

Tile  avcmpc  extmct  of  IS'2  nnaly.-x-."  of  ^jKi-iTiiciiM  t>f  bivw  of  the 
lighter  kinds,  eonipiletl  by  Konig,  is  stated  at  0.49  (range,  1.118-9.23); 
of  21 1  lager  liti-i-!'  of  nil  khidn,  at  /i.TH  ;  of  GO  exjxirl  beersi,  at  6.48  ; 
and  of  oil  bock  Iwers,  at  7.20. 

The  anionnl  of  alcohol  in  also  variable.  The  siwcimens  examined 
by  <'rampton,  averaged  4.G3  ikt  cent,  by  weight  and  O.TS)  by  volume. 
Tin-  light  Iki-w  nitovc  mentioned  (Konig)  averagi'd  :!.4*>  |»er  cent,  by 
weight  :  the  ~'L'iin<!  gronp,  3.95  ;  the  thin!.  4.-tl  ;  and  the  fmirlli,  4.74- 

Adulteration  of  Beer. — Ileer  is  suppised  pojiularly  to  be  exten- 
sively adulterated,  ami  the  snlisliinciw  itUigiil  lo  be  in  common  nse 
make  up  a  list  remarkable  for  length  and  variety,  including  such  poi- 
Konouit  drug"  iv-  opium,  Itclbulonna,  henlHinc,  and  slrv'chuine,  many  of 
the  aromalics  and  aromatic  biltenf,  corrosive  acids,  drastic  cHlhartics, 
and  many  other  HuliHlaiice.''.  The  aclniil  ndnltersition  of  Iwer,  however, 
is  restricted  pi'.icti«dly  to  the  nse  of  preservatives,  flich  a»  sodium 
tluoridft  and  Kalicylie  ackl,  of  :^inm  biiarlifinate  to  correct  acidity 
an<I  to  luerciisc  the  *' In^wd,"  (tnd  of  suit  to  corrtrt  bud  Ust«  and  tu 
inspir*-  thirst  for  more. 

The  use  of  prc-urvntivo*  ii»  the  only  form  of  iwUdtemtion  which  is 

of  practical  hygienic  imjtortance,  and  in  eevend  countries  is  punitih- 

nljle  by  heavy  jH'iiultieTt.     In  Germany,  pre.'^e natives  are  interdicted 

very  strictly,  except  in  beer  iatendcd  fur  c.\pi>rt;  ami  (he  pcrn]ii<fdon 

*  L'.  B.  Dejiarliuvul  of  A)cricu)liu«,  I)lTl<<ii<ii  'iF  (.'liruiiRlrv,  Bulletin  18,  p.  2$£ 
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cxto»(](^  is  aooi'pted  so  freely  ibat  it  is  rare  to  find  in  this  country  a 
specimen  of  Gt-rnian  IwttiwI  (kit  wliicii  dtxw  not  cotitaiti  n  liWrd  tlii^e 
tif  salii'vlic  acid.  Many  American  brewt-rs  ii«?  this  agent  with  a  geii- 
cTTHis  band,  under  the  boiK'\'"lt  ill  pipa  that  it  i»  a  pmjihylnflii-  against 
rhcuinniism.  Ily  the  tfliiiic  process  of  rMiKOiihifj,  ont-  tni^ht  cimtotKl  jimt 
a*  well  tluit  iipiiim  ill  tiHxI  and  drink  would  proveiit  jtain,  and  biDiodide 
of  mercury  keep  tbe  Bj'steni  fn-o  from  isj-philitio  intixrtiun. 


Aualysu  of  Beer. 

In  the  uuulyeis  i>f  beer,  the  mo?^t  iiii|iiirtaiit  [iifxi'jws  are  the  deter- 
mimttion  of  the  p.roentage  of  alcohol  and  of  extract,  and  the  dct«ctiuu 
of  pri-wrx-iilivf.-. 

Determination  of  Alcohol. — For  the  determuiutiuu  of  the  p<!rccut- 
Bgc  of  ukM)bc)l,  II  suHificiitly  larp;  iHirlioii  of  beer  should  l>e  shaken 
in  a  capaciiins  fiAfk.  until  the  ciirbuuic  acid  t»  i'X|H-lk-(l,  and  thi-n  a 
nu>a.-<ur(il  vrtlunie  Mbniild  lie  subjected  either  to  diatilJatiuu  or  to  partial 
evaporation  in  an  i>\wn  vcsm^'I, 

(i)  Det«imlnaUoii  by  DiatUUtlon. — Introduce  into  a  flask  oonnectcd 
with  »  Licbig  (sjiidcnn^'r  100  cc,  of  the  well -shaken  betT,  at  60°  V., 
and  distil  into  another  flask  oinnected  with  the  discharging  end  of  the 
cnmlcnxer  by  mean^nf  a  bent  ^Iilv  IuIk-.  Continue  ihc  distillution  until 
somewhat  more  than  nO  cc,  of  di^-tillate  have  Ix'en  collwt<rd,  when  all 
of  the  c<>ntuiii<.-il  ulei^ho!  will  have  been  ex|K'lhit  and  c-oihIcii^nI.  Add 
sufficient  water  to  the  di-^tillate  to  make  100  cc.  at  BO"  1*".,  determine 
it*  sjuvilie  gravity  l>y  ni«m!<  itf  a  piencmetrr  or  Wcstphiil  Itahinee  (a 
HpMnflc  gravity  cpindle  is  not  snfticicntly  accurate),  and  ascertain  from 
inin,  by  refen-iiee  to  the  apjM^ndcd  table,  ttu-  [M-itn-nlag**  of  alcohol  by 
weight  or  volume, 

(6)  Determination  b?  Open  Eraporation. — Tlii.*  nielbnd  involve:*  let^ 
munipnlation  and  jjive-^  cfjiially  nccuriite  «>ult».  Tlie  Bpceific  piivity 
of  the  lieer  is  (lelermiiK'<l  lirst  in  the  nianiu-r  above  mentioni-d.  Then 
place  ion  ec  at  fiO"  !■",  in  ii  fjliiss  or  purceliiin  ev!i|>i>nitiujr  dii^b,  and 
by  the  application  of  hejit  drive  off  rather  more  tlian  half  the  amount. 
Remove,  eofil,  make  up  with  water  to  ibe  original  volume  nt  60°  1'"., 
aii<l  again  dcterniiue  the  specific  gravity.  TJivide  the  original  gnivity 
by  the  latter,  and  the  result  iiinaU  thai  of  the  aleohi)!  wliii'h  ban  Vieen 
expeliiii.  Ki'fei-  to  the  table,  and  obtain  tbcrefn;)m  the  pcrecutap-  of 
alcohol  in  the  In^r. 

The  tollowiug  table,  by  Mr,  Edpir  Kiclmrdu,  \*  the  one  used  by  the 
A)^)N>ciatii.iu  of  Official  .\gricullural  niemiats:' 

'  U.  S.  Depart riipiit  of  AEriruliitrc,  Divinbn  of  Clicmi(tt;rv  Bulleiui  Xol  Ai,  U'lah- 
uiKloa,  tiovcmmrnt  Printlnx  OI9w.  1899. 
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.S6 

.63 

.tsi 

.25 

.13 

071 

.26 

.64 

^^H 

.80 

.68 

376 

.:<(} 

.17 

005 

.30 

.66 

^^H 

.36 

.78 

870 

.36 

.21 

060 

.36 

.72 

^^P          608 

.40 

.76 

30.^ 

.40 

.26 

055 

.40 

.77 

^                 603 

.46 

.80 

360 

.46 

M 

049 

.46 

Jtl 

^ 

« 

_ 

^ 

■ 
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Spnlflc 

Per  an  I. 

Per  cent. 

bpcclAc 

ParccDl. 

Per  cenl. 

epcelAc 

Pcmnt. 

Per  cent. 

80°  F. 

akoohDl  hj  Alcohol  b j 

60°  F, 

0.96715 

alcaliDl  by 

■Icohol  bf 

griTilT  At 

■Icobol  br  nloDhol  b; 

volume. 
25.50 

wBlghl. 
20.85 

Tolume. 

weight. 

vuluiue. 

velgUL 

O.OT044 

28.50 

23.38 

aS6360 

31.60 

25.94 

D31) 

.55 

.89 

709 

.55 

.42 

353 

..55 

.98 

033 

.60 

.93 

704 

.60 

.47 

347 

.60 

26.03 

028 

.65 

.98 

698 

.65 

.61 

341 

.65 

.07 

013 

.70 

21.02 

692 

.70 

.55 

335 

.70 

.11 

018 

.75 

.06 

687 

.75 

.60 

329 

.75 

.18 

012 

.80 

.10 

681 

.80 

.64 

323 

.80 

.20 

0O7 

.85 

.14 

675 

.85 

-68 

316 

.85 

.24 

001 

.90 

.19 

G69 

.90 

.72 

310 

.90 

.28 

.M99S 

.95 

.23 

664 

.95 

.77 

304 

.95 

.33 

.96991 

26.00 

21.27 

.9G65S 

29.00 

2381 

.96298 

32.00 

26.37 

980 

.05 

.31 

652 

.05 

.85 

292 

.05 

.41 

980 

.10 

.35 

646 

.10 

.89 

285 

.10 

.46 

975 

.15 

.40 

640 

.15 

.94 

279 

.16 

.60 

96S 

.20 

.44 

635 

.20 

.98 

273 

.20 

.64 

9S4 

.25 

.48 

629 

.26 

24.02 

267 

.25 

.50 

959 

.30 

.52 

623 

.30 

.06 

260 

.30 

.63 

053 

.35 

.56 

617 

.35 

.10 

254 

.35 

.67 

949 

.40 

.61 

611 

.40 

.15 

248 

.40 

.71 

942 

.45 

.65 

605 

.45 

.19 

241 

.46 

.76 

.96937 

26.50 

21. G9 

.96600 

29.50 

24.23 

.96235 

32.60 

26.80 

932 

.55 

.73 

594 

.55 

.27 

229 

.55 

.84 

92fl 

.60 

.77 

587 

.60 

.32 

222 

.60 

.89 

921 

.65 

.82 

582 

.6.5 

.36 

216 

.65 

.93 

915 

.70 

.86 

576 

.70 

.40 

210 

.70 

.97 

910 

.75 

.90 

570 

.75 

.45 

204 

.75 

27.02 

905 

.80 

.94 

564 

.80 

.49 

197 

.80 

.06 

899 

.85 

.98 

559 

.85 

.53 

191 

.85 

.10 

894 

.90 

22.03 

553 

.90 

.57 

185 

.90 

.14 

8X8 

.95 

.07 

547 

.93 

.62 

178 

.95 

.19 

.96883 

27.00 

22.11 

.90541 

30.00 

24.66 

.96172 

33.00 

27.23 

877 

.05 

.15 

53.5 

.05 

.70 

166 

.05 

.27 

872 

.10 

.20 

529 

.10 

.74 

159 

.10 

.32 

866 

.15 

.24 

523 

.16 

.79 

153 

.15 

.36 

861 

.20 

.28 

517 

.20 

.83 

146 

.20 

.40 

855 

.2-5 

.:« 

511 

.25 

.87 

140 

.25 

.45 

850 

.30 

.37 

505 

,30 

.91 

133 

.30 

.49 

844 

.36 

.41 

499 

.3.* 

.95 

127 

.35 

.53 

830 

.40 

.45 

493 

.40 

25.00 

120 

.40 

.57 

833 

.45 

.50 

487 

,4.5 

.04 

114 

.45 

.02 

.96828 

27.-50 

22.54 

.96481 

30.50 

25.08 

.96108 

33.00 

27.06 

822 

.55 

.58 

475 

.55 

.12 

101 

.55 

.70 

810 

.«0 

.62 

4(19 

.00 

.17 

095 

.60 

.75 

811 

.lis 

.1)7 

463 

,65 

.21 

088 

.6--> 

.79 

80.') 

.70 

.:i 

4.>r 

.70 

.25 

082 

.70 

.83 

800 

.7"i 

.75 

451 

.75 

.m 

075 

.75 

.m 

794 

.80 

.711 

44r. 

.80 

.34 

069 

.80 

.92 

789 

.H5 

.,S3 

439 

.85 

.38 

062 

.8-5 

.96 

783 

•W 

.88 

4:i3 

.90 

.42 

056 

.90 

28,00 

778 

M 

.92 

427 

.95 

.47 

049 

.95 

,06 

.96772 

28.00 

22.(ir. 

.96421 

31.00 

25.51 

.96043 

34.00 

2'*,09 

766 

.a> 

23.00 

415 

.ai 

..55 

036 

.05 

.13 

761 

.1(1 

.04 

409 

.10 

.60 

030 

.10 

.18 

765 

.1.1 

,110 

403 

.15 

.64 

023 

.15 

.22 

749 

.20 

.in 

396 

.20 

.68 

016 

.20 

.26 

744 

.2.") 

,17 

390 

.2i 

.73 

010 

.25 

.31 

738 

.30 

.21 

384 

.30 

.77 

oai 

.30 

.35 

732 

MTi 

.2-1 

378 

.35 

.81 

.95996 

.35 

.39 

726 

.40 

,30 

372 

.40 

.85 

990 

.40 

.43 

7ai 

.4.^ 

,34 

366 

.45 

.90 

983 

.45 

.48 
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FOODS. 

■ 

^ 

1 

■ 

^H                   Hpmlfle 

rntmM. 

IVroinL 

Spwlflo 

PilT  CtfOl, 

IVrwinl. 

KpntRi 

nraml- 

t^rout. 

kldbhol  Itj 

iilinhn]  bj 

grt'lly  ■! 

dlivjh'pl  1>>- 

mkvilinl  hj 

fI.9.V107 

•Imholbjr'altDhollir 

nlDDir. 

■M.m 

weight, 

0,tf556C 

lOlUlllfr 

wrl^ihl 

40.60 

33.79 

37.50 

31.14 

^^__             »70 

JG 

.5fi 

552 

.55 

.18 

(IW 

.55 

.64 

^^M            >U 

^0 

.61 

545 

-TO 

.23 

091 

.60 

.88 

^^H            9S7 

.46 

J5 

538 

.65 

.27 

083 

.65 

.03 

^^H 

.70 

.70 

531 

.TO 

.32 

075 

.70 

.117 

^^H 

.75 

.74 

62.1 

.7h 

.30 

067 

.75 

31.02 

^^M           KR 

M 

.78 

SIC 

.80 

.40 

059 

.80 

.06 

^^B        no 

.SS 

.83 

509 

.85 

.45 

052 

.85 

.11 

^^M            «3 

.90 

.87 

502 

.00 

.49 

014 

.90 

.15 

^^H            917 

.99 

.Si 

494 

.95 

.54 

03U 

.95 

.20 

^^1        M»10 

88.00 

S8.00 

.9641*7 

38.00 

31,58 

.95028 

41.00 

»L24 

^^H        eo3 

.05 

28.00 

480 

.05 

.63 

020 

.06 

.28 

^^H 

.10 

.05 

472 

.10 

.67 

012 

.10 

M 

^^H          «8» 

M 

.09 

4U.S 

.16 

.72 

004 

.15 

JSl 

^^H            888 

M 

.13 

467 

.20 

.76 

.94996 

.20 

.43 

^^H 

^ 

.18 

450 

.2S 

.81 

989 

.25 

.46 

^^H          889 

.30 

.22 

442 

.30 

.86 

980 

.30 

J50 

^^H            862 

.35 

.25 

435 

.35 

.90 

972 

.35 

.55 

^^H            fWi 

.40 

.30 

427 

Ml 

.94 

964 

.40 

JO 

^^^ 

.45 

.35 

420 

.46 

.'JB 

956 

.45 

.64 

^K              .W842 

35.50 

2S.3B 

.96413 

38„S0 

32.03 

.94948 

41.50 

M.6S 

^^^^            W» 

.5S 

.43 

405 

.55 

-OT 

1140 

.55 

.73 

^^^B 

,00 

.48 

398 

.60 

.12 

932 

.60 

.77 

^^H 

.05 

.52 

300 

.65 

.16 

924 

.65 

.82 

^^H 

.70 

.67 

383 

.70 

.20 

916 

.70 

M 

^^H          W7 

.75 

.01 

375 

.76 

.25 

908 

.75 

SI 

^^H            800 

JO 

.05 

aea 

.80 

.20 

900 

.SO 

.95 

^^H 

.85 

.70 

3(50 

.8.5 

.33 

892 

.85 

36.00 

^^H 

.90 

.74 

353 

.90 

.37 

884 

.90 

.04 

^^H 

.96 

.70 

345 

.95 

.42 

876 

.95 

.09 

^^H        JM773 

34.00 

30.83 

.05338 

39,00 

32.46 

.94868 

42.00 

35.13 

^^H 

.an 

.87 

330 

.06 

.60 

860 

.05 

.18 

^^H 

.10 

.92 

323 

.10 

.56 

852 

.10 

.23 

^^B 

.15 

.90 

315 

.15 

.69 

848 

.16 

.27 

^^H 

.so 

30.00 

807 

.20 

.64 

836 

.20 

.31 

^^H 

.SS 

.05 

300 

.25 

.68 

827 

.25 

.36 

^^H 

.30 

.09 

292 

.30 

.72 

820 

M 

.40 

^^H 

.35 

.13 

284 

.35 

.77 

811 

M 

.46 

^^^P 

,40 

.17 

277 

.40 

.81 

808 

AO 

.49 

^^^ 

.45 

.22 

269 

.45 

.80 

794 

Ati 

.64 

^K^      Mims 

3tf.«0 

80.26 

.952152 

30..W 

32.90 

.94786 

42.50 

36.58 

^^K         fins 

.55 

.30 

254 

,05 

,95 

778 

.65 

.63 

^^H            «68 

.GO 

.38 

24fl 

-fiO 

.99 

770 

.60 

.67 

^^H 

.fi.-) 

..19 

KtS 

.e.*j 

33.(14 

761 

.65 

.72 

^^H 

.70 

.44 

231 

.70 

.W 

753 

.70 

.76 

^^H 

.75 

-« 

'*23 

.75 

.13 

746 

.75 

.81 

^^H            «60 

.SO 

..v> 

■jl'i 

.80 

.17 

737 

.80 

.65 

^^H         cos 

.85 

.57 

20S 

.8-> 

'lO 

-nn 

.85 

-UO 

^^^M 

.»0 

.61 

200 

.90 

.2? 

730 

.90 

.94 

^^■P 

.H.'i 

.66 

llK'i 

.ys 

.31 

712 

.95 

.99 

^F^        .0SO3S 

»r.oo 

30l70 

.05185 

40.00 

33.35 

.94704 

43.00 

36.08 

^K_            023 

.05 

.74 

177 

.05 

.no 

696 

.06 

.08 

^HB            »IK 

.10 

.79 

l<i9 

.10 

.44 

687 

.10 

.12 

^^^m        fiio 

.15 

.83 

lei 

.16 

.48 

679 

.16 

.17 

^^H            003 

.20 

.88 

154 

.20 

..53 

670 

.SO 

.31 

^^H            Mti 

.M 

.92 

146 

.25 

.57 

662 

.S5 

.23 

^^H        «e9 

JtO 

.96 

138 

.30 

.61 

664 

.30 

.30 

^^H            S6I 

.35 

31.01 

130 

.35 

.66 

64S 

.26 

.36 

^^^            S74 

AO 

.05 

JOO 

.40 

.70 

fiST 

.40 

.39 

^V                  5«7 

M 

.10 

114 

.45 

.7* 

fllS 

.iG 

.44 
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%w»s 

PmvDt. 

Pur  noL  1 

Sprclflc 

Prt  colli. 

I'*r  VBOl- 

b'mciflc 

I'wr  otnl- 

I'tir  (MU 

•"ST" 

(Icnhnl  hy 

■I<»hnl  by 

gnilty  U 

■Inoh-I  [.y 

nivah'it  by, 

gntUT  ■■ 

alcnliDl  tijr 

nlmhitllrj 

«.50 

vfijttat. 

Talunip. 

w  tig  hi.  ' 

•ofiimt, 
41UI0 

■SlghL 

OlSMSO 

30,48 

0.84188 

46.00 

38.75 

0.93824 

40,M 

«IS 

M 

.53 

179 

.05 

.80 

815 

.05 

.65 

«03 

.1)0 

ja 

170 

.10 

.84 

806 

.10 

.68 

«e 

.116 

M 

181 

.15 

.89 

796 

.15 

.74 

m  AM 

.70 

.06 

152 

.20 

.93 

786 

.30 

.78 

■    IE7S 

.7S 

.71 

143 

.25 

.98 

777 

.85 

.A3 

■    S7Q 

.80 

.75 

134 

.30 

39.03 

768 

.30 

-SK 

■  fiei 

.8S 

.80 

12.') 

.3.^ 

.07 

758 

.35 

.92 

^     6W 

.90 

.64 

110 

.40 

.12 

749 

.40 

.97 

U4 

.95 

.89 

107 

.45 

.16 

738 

.45 

41.01 

^MM 

44.00 

3S.03 

.«400S 

16,S0 

39.21 

.93780 

48.50 

41.06 

K^6S7 

.05 

.08 

0S9 

.55 

.86 

721 

.65 

.11 

^    «9 

.10 

37.03 

oso 

.60 

.30 

711 

.60 

.15 

MO 

.!» 

.07 

071 

.65 

.35 

702 

.65 

.20 

«os 

.30 

.11 

062 

.70 

.30 

692 

.70 

.24 

4« 

.OS 

.16 

1)63 

.75 

.44 

683 

.75 

.28 

«l 

.30 

.21 

044 

.80 

.49 

679 

.80 

.34 

47« 

.3S 

.25 

0&5 

.85 

.53 

884 

.86 

.38 

m 

.40 

.30 

OUf! 

.90 

.68 

655 

.90 

.43 

4U 

.46 

.34 

017 

.95 

.62 

64C 

.96 

.47 

jm-uo 

44..W 

8T..lfl 

.e«ios 

47.00 

39.67 

.03636 

49.00 

41.52 

441 

.M 

.44 

.9.1H«9 

.05 

.72 

6S0 

.05 

.57 

4» 

.60 

.i» 

990 

.10 

.76 

617 

.10 

.01 

«« 

.05 

.5S 

980 

.15 

.81 

807 

.15 

.36 

416 

.70 

.57 

m 

.20 

.85 

5B8 

.20 

.71 

^_     4(17 

.75 

.62 

962 

.26 

.90 

688 

.26 

.76 

^K    SB8 

.80 

M 

953 

.30 

.96 

STS 

.30 

.80 

^B    SW 

M 

.71 

944 

.35 

.99 

.509 

.3.^ 

.$5 

^H    SBl 

.80 

.76 

D^ 

.40 

40.04 

569 

.40 

.90 

^B   978 

.85 

30 

9%'> 

.45 

.08 

550 

A.% 

.94 

^Kmm 

46.00 

37.84 

.930KI 

47.50 

40.13 

.93640 

49.50 

41.99 

^B   tfS 

.05 

.88 

906 

.55 

.18 

530 

.56 

42.04 

^    346 

.10 

J)S 

898 

-fiO 

.22 

531 

.60 

.03 

838 

.15 

.98 

868 

.06 

.27 

511 

.86 

.13 

39tB 

.80 

38.02 

S79 

.70 

.32 

502 

.70 

.IS 

330 

.85 

.07 

870 

.75 

.37 

492 

.75 

.33 

^     «1 

.30 

.13 

801 

.80 

.41 

482 

.80 

.87 

^H    3DS 

M 

.16 

SpW 

.86 

.46 

473 

.85 

.32 

^H    SH 

.40 

.SI 

842 

.80 

-'51 

403 

.90 

.37 

■    S8S 

.46 

.85 

833 

.05 

.56 

454 

M 

.41 

^BIS78 

4B.S0 

88.30 

^^v  ttr 

M 

.35 

H  SBB 

.80 

.39 

^^B   900 

.16 

.44 

^H    HI 

.70 

.48 

^    S32 

.75 

M 

fits 

.80 

Ji7 

^  SU 

.85 

.63 

H^7 

.80 
.85 

.00 
.71 

Determination  of  Extract. — Tin.-  fxtnici  nmy  Iw  ik-tcnnimtl  ili- 
recXly  or,  with  tin-  ai't  ut'  a  tablf.  from  tlie  specific  gravity  of  the  de- 
sloobolizt-fl  Wcr.  The  iJirccl  int'tli(Ml  I."  the  more  tm'rimtc,  and  i*  carmd 
out  as  follows :  Into  an  accitratoly  weighed  |)latiDiim  dinh,  such  as  is 
■tM.ll  in  iho  Hiiiilyi'iii  of  milk,  w(.-i);li  'i  ^nirii^  of  turr ;  ovn|M)nttv  to  oom- 
plele  drytwae,  iiud  multiply  tlie  weight  of  the  residue  by  20. 


H^                            ^^HP"          FOODS.              ^^1 

1 

■ 

^m      tahles  showing  PKRCKKTAGt:  OF  AixoTioi.  nv 

fticinirr  AXD 

^^^                                                         BY   V<)Ll'MK. 

^^^^^1                  (^IttmUvialwt  Jfom  tKe  lirleitiiiiuUUMU  i/  Oilpin,  Drinhialrr,  and  tigiub&. 

^^^^^                                                      by  Kdgar  BieAanl*.] 

^H                ^mU«    '  IVr  omt '  IVr  wdi.  "    I>t«ct1ln 

IVrniini    rnr<»oi.       SpwlBo 

r*T  pcal. 

Per  our 

^^H                 11)°  K.         nilunir.      wdght. 

"^'¥." 

ulDsbDlbT 

^1 

^B            I.WHKKI 

0.00 

0.00 

o.«««so 

S.50 

1.09 

0,*je281 

5.00 

4.00 

^m        o.9imi 

.05 

.04 

es-i 

,56 

2.03 

274 

.05 

.04 

^K                 9M 

.10 

.08 

816 

.60 

.07 

268 

.10 

.08 

^^^          B?« 

.19 

.12 

807 

.66 

.11 

261 

.1-i 

12 

^^H          MS 

JO 

.16 

eoo 

.70 

.16 

255 

.20 

.18 

^^H 

.•a          .20    !l        593 

.75 

.19 

248 

.25 

.20 

^^H 

.SO          .U             5S0 

M 

.23 

241 

.30 

.2* 

^^H          HS 

.3&        .:» 

G7» 

.85 

.27 

235 

.35 

.28 

^^H          BS7 

.4(1          .32 

671 

.90 

.31 

238 

.40 

.32 

^^V 

.45 

.»« 

o(H 

.96 

.85 

223 

.46 

.38 

^K             .99Q23 

QJW    1    0.40 

.09B57 

3.00 

2.39 

.99216 

5.60 

4.40 

^^^          »U 

.66    1      .44 

(>60 

.06 

.43 

208 

.65 

.44 

^^H          907 

.BO 

.43 

.^43 

.10 

.47 

202 

.60 

.48 

^^H          MO 

.06 

.52 

636 

•J5 

.61 

IBS 

.66 

.63 

^^H          892 

JO 

.66 

629 

.80 

.66 

189 

,70 

.66 

^^B 

.75 

.60 

622 

.2A 

.59 

163 
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iPcreant. 

PnoenL 

Sprelfle 

Pcrceol. 

Pareent 

BptlMe 

PsrcsDt. 

l*flTccnt. 

ynbolbT 

1    TOlOBM. 

■leoholbr 
■■IghL 

«T^tf" 

ilcoho]  b^ 

TQJUbie. 

weight. 

•^'f." 

Lleofaol  bj 
Tolamfl. 

■loofaol  br 
wclgbl. 

43.50 

36.48 

0.94188 

46.00 

3S.75 

0.93824 

4&A0 

■40.60 

.55 

.53 

179 

.05 

.80 

815 

.05 

.65 

.60 

.57 

170 

.10 

.84 

805 

.10 

.09 

.l>S 

.62 

161 

.15 

.89 

796 

.16 

.74 

.70 

.66 

152 

.20 

.93 

786 

.20 

.78 

.75 

.71 

143 

.25 

.98 

777 

.25 

.63 

.SO 

.75 

134 

.30 

39.03 

768 

.30 

.88 

.85 

.80 

125 

.35 

.07 

758 

.35 

.92 

.90 

.84 

U6 

.40 

.12 

749 

.40 

.97 

.95 

.89 

107 

.45 

.16 

739 

.45 

41.01 

44.00 

36.93 

.94098 

46.50 

39.21 

.93730 

48.50 

41.06 

.05 

.08 

089 

.55 

.26 

721 

.56 

.11 

.10 

37.02 

080 

.60 

.30 

711 

.SO 

.15 

.15 

.07 

071 

.65 

.35 

702 

.65 

.20 

.20 

.11 

062 

.70 

.39 

692 

.70 

.24 

-25 

.16 

053 

.75 

.44 

683 

.75 

.20 

.30 

.21 

044 

.80 

.49 

679 

.80 

.34 

.35 

.25 

035 

.85 

.53 

664 

.86 

.38 

.40 

.30 

026 

.90 

.58 

655 

.90 

.43 

.45 

.34 

017 

.95 

.62 

645 

.05 

.47 

44.50 

37.39 

.94008 

47.00 

39.67 

.93636 

49.00 

41.62 

.55 

.44 

.93909 

.05 

.72 

62S 

.05 

.57 

.60 

.48 

990 

.10 

.76 

617 

.10 

.61 

.65 

.53 

980 

.15 

.81 

607 

.15 

.66 

.70 

.67 

971 

.20 

.85 

598 

.20 

.71 

.75 

.62 

962 

.25 

.90 

688 

.26 

.76 

.80 

.06 

953 

.30 

.95 

578 

.30 

.80 

.85 

.71 
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.35 

.99 
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.36 

.85 

.90 

.76 

934 

.40 

40.04 

659 

.40 

.90 

.95 

M 

925 

.45 

.08 
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.45 

.94 

45.00 

37.84 

.93916 

47.50 

4ai3 

.93540 

49.50 

41.99 

.05 

.89 
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.65 

.18 
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.55 

42.04 

.10 

.03 

S98 

.60 

.22 

521 

.60 

.08 

.16 

.OS 

sse 

.65 

.27 

611 

.66 

.13 

.20 

38.02 

879 

.70 

.32 

502 

.70 

-IB 

.25 

.07 

870 

.75 

.37 

492 

.75 

.23 

.30 

.12 

861 

.80 

.41 

482 

.80 

.27 

.35 

.16 

862 

.85 

.46 

473 

.86 

.32 

.40 

.21 

842 

.00 

.51 

463 

.00 

.37 

.46 

.25 

833 

.95 

.55 

454 

.06 

.41 

'  45.50 

38.30 

'      .55 

.35 

1      .60 

.30 

1      .65 

.44 

'      .70 

.48 

.75 

.53 

.80 

.57 

;     .85 

.62 

.90 

.66 

.95 

.71 

rmination  of  Extract. — The  extract  may  be  (leferminetl  di- 
r,  with  the  aid  of  a  table,  from  the  fipecific  frravity  of  the  d(^ 
zed  beer.  The  direct  meth<Hl  is  the  more  ncciir.itc,  mid  is  carried 
follows:  Into  an  accumtcly  weig:he<l  platinnni  dish,  such  an  in 
the  analyais  of  milk,  weigh  5  grams  of  b«;r ;  evajwrate  to  coci- 
TDesH,  and  multiply  the  weight  of  the  residue  by  20. 


188 


FOODS. 


Approximately  acviirate  results  are  nbtainecl  by  reference  lo  the  fol- 
lowing till)]*',  lifter  tScliiiltu^-OsleniiuDu  : 


^ 

BEER 

EXTRACT  TABLE 

H»Tll)r, 

0 

1 

t 

1 

4 

B 

• 

T 

a 

9 

1.011 

2.87 

2.TO 

S.92 

2.B& 

2.97 

8.00 

3.08 

3.00 

3.08 

3L1I 

2 

3.13 

8.18 

3.18 

3.21 

3.24 

3.20 

3.20 

3.S1 

8.84 

3,37 

3 

3.3ft 

3.4:! 

8.44 

147 

3.411 

3.52 

3,55 

3,67 

3.60 

3,63 

4 

3.t)u 

3.07 

8.70 

8.73 

3.75 

3.78 

3.80 

3.83 

3.86 

3,88 

ft 

3.ei 

ai»3 

3.96 

3.93 

4.01 

4.04 

4.06 

4.09 

4.11 

1.14 

• 

4.IU 

4.10 

4.21 

4.M 

4.27 

4.29 

4.33 

4,34 

4.37 

4.39 

7 

4.12 

4.14 

4.47 

4.30 

4.52 

4.55 

4.67 

4.00 

4.62 

4.e& 

» 

4.6: 

4.70 

4.73 

4.75 

4.78 

4.80 

4.S3 

4.H5 

AM 

4.90 

9 

4.93 

iM 

4.9S 

SOI 

5.03 

6.06 

5,08 

6.11 

6.13 

5.16 

1.020 

.^.19 

5.21 

S.24 

6.2G 

5.29 

5.31 

5.34 

5.36 

5.39 

S,41 

1 

5.44 

5.4T 

S.49 

5.52 

5.64 

5,67 

5,59 

5,62 

6,64 

5,67 

2 

6.69 

e.73 

B.74 

E.77 

5.80 

5.82 

G.85 

6.87 

6,90 

5,92 

S 

8.05 

6.»7 

6.00 

6.02 

6.05 

6.08 

[i.lO 

6.13 

6,15 

&18 

4 

6.30 

6.23 

6.25 

6.28 

6,30 

6.33 

0.35 

6:i» 

6.40 

6.4a 

S 

6.45 

6.48 

e..50 

6.53 

6.55 

6.58 

6.61 

6.03 

6.66 

6.68 

e 

«.Tl 

6.73 

6.7fi 

11.78 

6.81 

fi.83 

11.86 

6.88 

6.91 

8.93 

7 

6.96 

6.U8 

7.01 

7.03 

7.06 

7.08 

7.11 

7.13 

7.10 

7.18 

8 

7.21 

7.S4 

7.28 

7.29 

7.31 

7.34 

7,36 

7.39 

7.41 

7.44 

9 

7.46 

7.49 

7^1 

7.54 

7.66 

7.59 

7.61 

7.64 

7.68 

7.89 

1.030 

7.71 

7.71 

7.T6 

7.79 

7.81 

7.84 

7.86 

7.89 

7.91 

7.94 

) 

7.99 

8.01 

S.04 

8.06 

8.09 

8.11 

8.14 

8.16 

8.10 

8.2! 

The  figures  at  the  head  of  the  tpvenil  columns  represent  the  fmirtli 
dci-Iiiial  j)!^^  iif  ihe  ftpwiitie  gravity.  Kxample :  Sptxrific  gravity, 
1,0187;  referring  to  1.018  in  llie  k-n-haml  citlniiin  unci  riiiiiiing  tnit 
111  the  rviliinni  h<«(led  by  tlie  figure  7,  we  fiud  4.f*3  as  the  |Rnx.vntage 
nf  fxtm-l    I'll"  lliiil   '^'nivitv. 

Detection  of  Preservatives. — The  principal  preser\-utive  iii««l  iu 
beer  ii*  silicyho  acUl ;  next  in  imp()rl:iiir(-  i.-*  liiii>riiKt  of  nodiiiin,  which, 
however,  is  iml  iised  to  any  considcnibic  extent  a»  yet  in  tliif  wmiiirk'. 

Salicylic  Add. — Thi*  oniinary  method  of  extracting  by  means  of 
ether  and  testing  the  residue  IcfV  on  cvitponition  of  tlic  lalti-r  «ilh 
ferric  chloride,  iitnnot  be  iiwxl  in  tiie  examination  of  beer,  f^incc  kihi- 
dried  malt  w>nliiin»  u  priticiple  wliich  givc-i  ii  nactiori  identical  with 
that  of  salicylic  acid.  The  following  method,  dcvUc^l  by  Spicn,  la, 
lu)«evcr,  satijifHi-tiiry  and  rcliidde  :  .\i!idity  10(1  ec.  with  aniplinric  acid, 
extract  with  elher,  allow  the  scpunitdl  ether  to  e\li|nimlc  sjxinta- 
no<>u.'>Iy,aTid  warm  the  residue  p-ntly  wiib  a  drop  of  strong  nJtne  arid, 
whereby,  if  Kilieylie  acid  i"^  pnwciit,  i)ieri«  iwid  ii*  formed.  The  iidih'- 
tion  of  It  few  drops-  of  ammonia  f)r  of  sodium  hydnite  pniiiMccn  the 
00  rrc"  pi  Hiding  ]iii'nite  with  ilM  bright-yellow  oolor,  which  may  be 
im]>ailcd  to  a  woollen  thrcail  iinnicr*c<l  in  the  li<(tiid. 

Fluorides. — .Several  methods  are  recomnientled,  and  among  them  the 
following : 

MKTHnD  OF  Hrpkuiann  AND  Masn. — Expel  the  carbonic  jwid 


HTMBS 


from  5(W  cc,  of  l>eer,  and  then  aJtl  I  cc,  of  8  Boliition  «>ntJiinm(t  ^  l"'^ 
cent,  vavh  >it'  cjiluaini  mid  Imriuni  eliliirid(-i<,  iinil  t'ullow  ir  with  ().■>  vr, 
of  20  per  cent,  acetic  acid  and  50  cc.  of  W)  jx-r  i-eut.  alixihul.  I^et 
^liiiid  i%vi-ritv-fiiiir  hours  ami  Hht-r.  Dry  the  filler  and  [ini'iiilLitc  I'ol- 
Icctcd  thereon  withmit  wii^hinj;,  mid  tniusfcr  to  u  |>laliiiiiiii  criici l)k>. 
Add  NlroiifT  .iiili>hiine  add,  and  cover  the  cnicilde  with  a  waxetl  waleh- 
gliwij  with  wmic  lim"(  M'Riti-ht-d  throiifjh  the  wax  <-())iliii}f,  lhi;n  ht^it  at 
100°  C  tor  two  hour?,  and  obsen-e  the  effect  on  tlie  esjjosed  (jlass. 
TliiK  method  io  Kiiiil  to  («•  of  ^uttici4:tit  dtdicjicy  to  delt'Ct  the  jirts-^-ntw 
of  7  iiiilli^ami^  in  a  liter. 

Brand's  Mtrrmin. — To  100  ee.  i>f  lx*r  made  ttlitchth-  alkiiltnc  with 
ammonium  carbonate  and  hwited,  add  2  or  .1  ir,  of  ii  10  [ict  cent.  w»- 
Intion  of  i-ali-iiim  ehh>ride.  Roil  for  a  few  minutes,  filter,  and  dn'  the 
fihor  and  contcutir.  'llicn  prowi-<l  a*  in  the  lui'thiKl  jusi  ckwrHinl.  In 
ather  |inie(-.-w,  it  is  best  to  place  a  hnnp  of  ice  in  the  conciivity  ol'  the 
watfh-^hvw  lo  kwp  the  latter  eool  ;  the  walor  .xjiouid  bu  nnnuved  from 
time  to  time  bv  m(tfim<  of  a  pijH'tte  so  that  it  may  not  overflow. 

Other  DeterminationB. — Of  minor  interest  are  the  ileierniinationn 
of  acidity  and  ai^h. 

Total  Acidity. — 'Co  10  oo.  of  beer  freed  from  oarlKinic  iieid  hy  shuk- 
iD}f,  add  a  few  timps  of  ncutnd  litmus  i<oiutiuu,  und  then  itdd  tiecinor- 
mal  »indium  hydrate  until  the  end  reaction  is  l■b.■«-^^■ed,  Exjire.vs  the 
rt^iiltK  in  parts  t)f  ai'etic  acid.  One  ee.  of  dii-inoniial  radium  hydmte 
equals  n.i.ll.Kj  ^Tam  of  acetic  acid. 

Fixed  and  VoUtile  Acidity. — <_'oticenlratc  10  ce.  uf  Ikit  to  a  third 
of  its  bulk  by  evai»ration,  add  water  up  to  the  original  vnliinw,  und 
pn^v-d  ii>  aldivt'.  'I'ho  ditlerencc  in  re,-*iilts  is  due  to  the  acetic  aciil 
rwWch  luw  l)een  driven  off.  The  lived  acidity  is  due  eliietly  to  laetie 
ttoid,  and,  if  dc.-in  d,  may  1m-  so  ex}in^Hed.  One  ee.  of  the'  dcc^inormui 
aolation  it  cijuivalcut  tu  O.OOit  gnim  of  lactie  acid.  The  other  acids 
|>.pmieRt  include  succinic,  malic,  and  tannic. 

Ash. — 'I'he  niiiduc  ohtnitK-<l  in  the  direct  dett'rmi nation  of  the  ex- 
tract niav  1h.'  utilized  for  the  cptiniation  of  the  ash.  [t  should  lie  i(rniti.'d 
Very  e:mti"iiily  and  at  as  low  a  teni[»erature  as  jK),««ible  until  the  a»h 
btcomcH  white. 

f  WINES. 

Properly  sjx^ing,  wino  is  the  fennpnted  juiiv  nf  {;ni|Kw,  tl (fh  Iho 

term  i.s  a])pliiil  ahuj  to  other  pnMlucts  of  fermentation  of  sneeharino 
liquids  and  fruit  juie<s.  It  has  bi*n  in  use  sis  a  tirink  fnnu  the  very 
earliest  ]M-n(Mli<  of  oivili«ilinn.  .At  Ur*  prewnt  lime,  wine*  lire  pm- 
duijwl  in  infinite  variety  and  of  many  qualities.  The  character  and 
propertie.-  depi-nd  u|Min  u  preiil  uumiImt  of  fin-lors,  inchidiiijf  tlic  variety 
itf  the  }rra|ic.  the  nature  of  the  soil  iijion  which  the  vine  is  cultivated, 
the  elinuite  in  general,  and  the  §tate  of  the  weiUher  in  particular  when 
the  f^iptv  are  rijK*niiig,  the  dt^w  of  ripcueiw  when  gnthered,  the 
metho<l  followcfl  in  the  preparation  of  the  must,  an<l  the  can-  with 
which  the  niher  siteps  in  tlie  makhig  of  the  tiuul  pntiluetare  eoiidueletl. 
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Of  ver>"  pr«it  riif1iiCTt(x>  w  the  cxtfiit  li>  wliirU  the  i*oc(lt),  »kin«,l 
Hlrnis  of  the  fniit  are  iillowwl  l«»  be  ael«l  upon.  TIw  rvwU  yieW  ooi 
Milenible  nmnuiitK  nf  tannic  8<-i(l,  and  the  r^kinf^  lent!  eijor,  davnr,  nr 
ti>  Mimi-  i-xtcnt  ii'triiif^-iioy.  The  ni<)ft  ini|y>rtEint  otiiKtiliu-tir  of  i^ 
jiiiif  of  tht-  ^ra|M'  bi  ihe  siif^iir,  ami  this  is  present  iu  jfTPatest  sbou- 
ilainw  whni  tin-  iViiit  i«  fully  ri]M-. 

In  the  RUlkiiig  tif  wine,  the  fin-t  ett'p  Is  the  preparutioti  of  ttie  Oio^ 
Tlie  [!;ni|H<s,  with  or  Hithiml  preiiminurv'  rareful  «3uiniinnliiin  iiixl  Min- 
ing, iisuiilly  witlioui,  nrv  erni'hHl  hy  iniu-liitien'  i)r  hy  the  nukol  firt 
»1'  im-Li,  (ill  that  tin-  jiiire  is  set  free.  Siimetimos,  the  f^tetiis  nn-  Hh 
din-fully  i-liniinatitl,  mul  ]ijirtioiihir!y  piixi  imiividiwl  iini|K^  an-  ml 
out  and  »et  uHide  fnr  lapednl  ui^e.  In  the  crushing  nf  tbe  ftiiil,  the 
nuthiKl  of  iniidin);  hn.-*  in  itc  favor  itie  Ctei  tlmt  tin-  •hisU  an*  nut 
thereby  iiflocte<l,  :iim{  m)  do  not  give  up  f<o  tnueli  of  tli<'ir  i)flnii|.>n<t 
priiH'ipli'.  If  II  white  wine  is  to  hi-  nm<h',  tin-  nniM  i.-  fnxti  at  om* 
from  the  »kin»  mid  ctulkn ;  btit  if  the  priHluel  i^  to  lie  n^tl,  thtwf  *te 
retained  during  the  proc««8  of  fennciiliition.  Tiw  jiruv  nf  Iwtii  tbf 
white  nnd  the  hhiek  vnrielic*  of  gniiM-i^  is  pnii-lieully  vriihoiit  wl'f ; 
hill  wlu-ri  the  dark  skins  are  left  in  rnntaet  with  the  (ertnentiii^  nw-^ 
thi-  iiliiihcil  foniicil  cxtnK-l*  the  yellow  iind  bine  (Nilorin^  ninttir'. w!"i^ 
bee<jnie  red  under  the  action  of  the  fwe  aeids  formed  at  tlie  aanif  ti'"'- 
1'lie  eonntitiinitH  of  the  iiiukI  iin>  vmtcr,  Mijntr,  ])n>t(>kl  niatt«t»,  gatatH! 
ni\>'iianiv«f  pectoiu;  matter,  ui;(i'iitiic  acidfi  und  their  faltts  and  mitisu 
niatlci'ri. 

The  must,  with  or  without  the  skins  ami  seetls.  In  fcrmenlcl  iii  wt* 
of  wood,  marble,  or  stone,  the  priK-ess  starting  verj-  (piiekly,  ln-in;;  in- 
duced by  or^iiiMiiJ'  which  grow  on  tlie  jikin  itwif.  The  l«ni|ii'™iiij» 
at  whieh  this  is  iillowe<l  to  proe«cd  exerts  an  important  infliicmxio 
ileli-riiiining  the  ehnmeler  of  the  wine  :  onidiieliil  iM-lwei-n  '>"  and  lo 
C,  the  prot*gs  ^  nmipiimiively  clow  and  the  iii»niu  of  (he  wini-i^rict; 
while  at  higher  niniH-mtiire*,  the  rati-  is  mon?  rapid  and  the  Ijoiniin'l " 
Iph»  marked.  The  terminution  of  the  pHXHWn  t«>  tnnde  (^■iiknt  Iff 
CVKstion  of  the  e\oliition  of  carbonic  aei<i,  the  diminution  of  'jMvifif 
gmvity,  nixl  the  linking  of  tnatlerx  which  iKTun.'  lui<l  fonixd  \*^ 
of  the  scum. 

Whether  all  of  the  cugar  is  a^eA  up,  depcndii  wmivwhat  np'W  v^ 
umonnl  of  pnttind  mitrient  nmterial  for  the  growtli  of  tlie  oi^ini'^i''* 
by  which  the  eon\-ei'sion  Lh  (nrricd  on.  If  this  is  esitmnstt'il  firsi,  thet* 
\tilt  Ik-  a  roidue  of  .^-nptr,  and  the  jinHhiet  will  Ik-  iiirTr-»|H>iiilinjCv 
HWeet  ;  if  there  i*-  sn  abundance  of  proteid  matter,  the  sti^^ar  will  Im-  ll* 
first  1"  Im*  exlinusH-d,  auil  tlie  wine  u ill  he  "dry."'  U  is  sontelim 
IHv>e)i!'aiy  to  add  nitrog(-noui>  matter,  Kiieh  us  egg  albumin  or  gelatin,  V 
oriW  to  ki«i']i  the  pii>et-*s  fiMiii  tviL-iin;  Ioi>  Mirlv, 

As  the  jierivntiip-  of  iileohol  in  the  fernii-Mtinp  miufl  riscv,  (he  hltn 
tnile  ot  poIaMiiiini  prt'!^?-iit  is  depoMtetl  gnidually,  owing  to  its  insolu 
bility  ill  iJ<-oliol.     TIh'  ih;|xK<il  is  known  eonimtrctuUy  or  ai;gul,  Hnd 
tlic  HHiun^e  of  rnnim  of  tiirtar. 

V^'hen  the  Kmt  femientalion  is  completed,  tl>c  alooliolio  liquid  E«  dm 
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off  into  auks,  in  which  it  is  k<^)t  for  a  numU-r  of  mmitlus  llip  ^-canb] 
Ill-ill);  kept  con^tatiily  liUetl.  It  now  iitiilt^rgne^i  a  kvdikI  »1ou'  femioi- 
tatixii,  which  hriii^  nlMitit  cbiiiip-n  which  :iri-  ih)1  uiuU'TXihhI  c\iv|i(iitg 
in  their  gros^  n^uh,  which  i?  the  pmduclioD  of  the  "  boii(|Uct '*  or 
flavur.  lu  ihi.'i  MXiond  |>rw6»,  (here  occur  a  (knhiT  ik-iMKsiiiiHi  of 
argol  and  an  oxidatioa  of  aldch^ilc  to  uwt'n'  uoid.  Thp  bou4|U«t  is  due 
tti  a  (iiinhiiutimi  of  t-therii,  the  chief  of  which  U  leuanthie  eilwT,  .-uj*- 
po^eil  to  l>cppxluwd  fntin  thvultiitlwil  ihnM^li  thca^-ucv  of  the  or^mio 
actd.'i  nornuilly  pre^nt. 

The  wiiMT  iivxt  i«  niokvd  off  into  other  ntnk^  and  in  ^itne  niM.v  it  a 
neoessary  Ui  do  thi:*  wveral  times.  Sometimes,  (li«  npfiearauoe  of  the 
wiiH-  i«  "iich  tluil  "  linin);"  i*  iwoewwri'.  ThL:^  timsUtn  in  the  luldilinn  of 
e^  alhiimin,  i^iiigUs*,  or  other  gelatinous  matter,  wliich  in  nn  dooent 
attnict.4  and  Mmit»hu>  the  Hiu;  |«nicl(s  of  niatt<Y  which  not  only  piv- 
vent  briUiaDcy,  but  later  on  may  impair  thi:  kix-piti);  quality  of  tlw 
wine. 

ClassiflCAtiOD  of  Wines. — Wines  arc  elav'ificd  viirIou.'>ly  uccorditig 
to  c.ii.r,  -tii-ii;rtli,  ^wn-lm-Ks,  aitd  rt>utent  of  carbonic  acid,  A«-citrd- 
\ng  to  color,  they  arr  ela.<i«ed  as  ml  or  white,  the  l«tt«n-  term  applying; 
not  only  to  the  very  light,  almoiit  oolorle**  kind^i,  but  also  to  those 
having  a  dccidvfl  yeJlowi«h  or  even  yellow i:*li •brown  oolor,  Mich  u»  i« 
posscs^oti  by '' white  pirl."  The  red  wines  incluile  tliow?  generidly 
known  !w  Vliint"  anil  Hnt^noillt^s,  though  iHith  iJk'hc  kind^  e.\i>'l  in  tlw 
wfait^  forms.  The  white  wines  include  the  (vhite  Clarets  coianiouly 
diMigitfitwl  ail  Sniiterncs,  white  Burgiindit.'M  of  whieli  t'liabliji  ix  a  type^ 
the  Khiiie  and  Mooelle  wine?*,  and  othera, 

Aw'inliiig  to  strength,  winw  are  vliLt^cd  iw  natunil  and  fortified. 
Tlic  natural  nines  contain  of  alcohol  only  that  which  is*  fornicd  in  the 
pnkJi-v.  of  ii»liir-.d  fermentation  ;  the  forlitin!  winw,  cueti  as  Sherry, 
Port,  and  Madeira,  contain,  liesidea,  a  considerable  amount  in  the  form 
of  added  <)piritc«. 

Acpcinliiig  to  their  content  of  Siugar.  wines  are  ib.>vie<l  a-  svvei-t  or  dry. 
Some  of  the  sweet  wincw  coiitiiiii  udileil  wigar  and  tliiit  which  bus 
e-M-ii|H-<l  the  iK'lion  of  the  ywwt  plant.  In  the  dry  winei,  all  or  nearly 
all  of  the  sugar  has  been  couvertwl  into  alcohol.  Xot  .-ill  of  the  sugar, 
liowever.  In  any  wine  is  oonvcrteil  lut'i  alcohol  and  carbonic  acid,  ^'Uiall 
amonnt^  R"'"K  to  form  glyoerin  and  siiminie  acid. 

Acooitling  to  their  content  of  mrlM>nic  acid,  winex  are  clas^i^il  a*  ^liIl 
or  Kjuirkliiig  (ctrcrvescent).  The  natural  wines  eoiitnin  |>raet!cally  no 
carbonic  acid  ;  the  ^[uirkling,  or  eifcrvcKccnt,  winw,  a.*  Cham|«igne  and 
sparkling  Miwelle,  are  in  n  sense  artiticial  in  th.it  thej'  are  Mibjected  to 
a  pr«ice*s  of  ferm<'ntatioii  in  the  bottle,  sugar  Ix-ing  added  for  the  pur- 
po«i-.      They  arc  fl.TVored  also  with  liqueurs. 

Oompogition  of  Wines. — Alcohol. — The  most  iinporlunl  eonst.ilii- 
ent,  the  active  principle,  of  wine  is  etliylic  alcohol.  The  higher 
alvohoU,  propylic,  biitylio,  aiii!  amylie,  are  always  present  in  trni't*. 
The  amount  nf  alcohol  is  viiriablc,  ranging  in  natural  wine*  from  6 
to  14  per  cent,  by  weight,  but  ordinarily  jireseut  l)etweeu  the  lunils  of 


M 


1»2 


FOODS. 


9  and  12  per  cent.     In  fortifiixl  u-ioes,  the  amotint  ranges  from  12 
«l)uiit  22  (MT  iH-nt.,  iiiit  ii*  iiMHilIy  ai)iiul  17  i»vr  cent. 

Sii<W. — Wliik-  the  amount  of  tiiigar  in  the  orij^mil  niu^t  nin^ 
Iwtfn  12  and  :i-'l  per  i-ent.,  in  tin-  niitiinil  lini.->li(«l  product  il  i»  a.- 
rule  quite  low.  iinlii)arily  funfitdeniiily  iindir  0,5  pi-r  t-ent.,  :in<l 
none  at  all.  Tlie  sweet  Tokavs  emitain  <-xcettltngly  variable  am 
fHiiping  from  ^  to  26  p<.T  c«'nt.,  Ports  imd  ^[lKk■ira»  iibnnt 
Sli(>rri»«  somewhat  lens  ;  hut  ^Vnierican  Ports,  Sherrieti,  and  SI 
im>  tHimmotily  fiiirk  rich  in  xiii^tr.  I)i>m«-(tio  ChmnpiriKV,  «l»",  wrn- 
liiin  notable  iinicuntf^.  but  tlioKc  of  foreij;n  orig;in,  even  tliosi-  nnlinartl^ 
rliLt^-d  u!<  nwitTt,  ('iii)tain  hut  finull  iniHinnt^,  ihi.'  iniprtv^ion  of  i>nivi- 
n^iw  bt'itiji;  larpcly  diK-  to  tJie  Hiivorings  of  the  liqueurs  added.  VoOt 
epecinienw  analvxwl  by  th<'  author,  orw-  of  whirh  (No.  -1)  m  vr«Il  Itnoini 
us  iiu  cxtni  swti'l  wine,  yiokled  tlio  following  rveultK  ; 
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1.  Brut  InipnUI  [Moit  X  Chondon) 
'£.  Si.  Mnivcaux   ......... 

3.  I)tv  liiiji^ml  (Mi-wi  A  (.'linndon) 

4.  M'tiitvN.'ul  |Mo£t  &Cliaiulonl 
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Extnct. — The  extract,  or  residue,  represents  tlie  sum  nf  the  nw 
volatile  constituents,  inclnding  sugar,  nilmgenoti:'  m«lt«i^,  (arlaiicaad 
other  aei'ls.  mineral  and  orginiic  salt^,  culoringnnd  ai^tringent  (iTiD' 
ciples,  glyoeriu,  etc.,  idl  of  whioh  an-  pre^-nt  in  but  Mnndl  (juanli* 
tip*.  Jn  ftwret  winca,  the  princijial  cututtitueiit  of  the  rc^idite  it  nupfc 
The  actual  food  vuluc  of  llw:  n^idue  ii*,  ajiart  from  the  ^ugar,  pncd- 
rally  »(/. 

Adulteration  of  Wines. — \\'inct<  have  been  subject  to  a  wy* 
varii-iy  of  aihiUcnili'iu.'^  fiTm  the  curlii'in  tiniet^,  and  nHiu'iirvi'  upaoi 
the  pmctico  of  their  ^ophif^jcntiou  were  enforced  long  before  ihuj 
Bgainst  the  iididloratton  of  bread  iind  other  f(MKl!t  wenr  tlwui^hl  iu 
The  iiiieicut  (Jrecks  and  Koinans,  for  example,  enai-ted  stringent  li« 
iiik]  ap|Hiinted  officials  whose  duty  was  tu  detcci  and  puninh  t|]0!«  iM 
oflL>nde<). 

At  the  nret^nt  tin»e,  adulteration  of  wiiMw  \»  nnw(l*c<I  very  tt» 
»mAy,  nnd  inclii<trH  iIk-  iHldition  of  water,  of  coloring  ag«-nt«,  of  p* 
wr^■alivl•B,  of  glycerin  to  impart  sw«?tncw  and  body,  of  alum  t4i  heiRhW 
color  an<l  of  <jiTtilorir.ing  ng«'n(!«  ton-move  it,  the  §uh»tiliition  of  whoU! 
anifieuil  con))xitmdf>.  and  pHKicwkf  for  the  "  improvonient "  of  ll* 
nalunil  product.  Tbe  flavoring  and  coloring  agents  are  a*  a  rulr  ifw 
ImmilcM*.  They  iirr  employed  chiefly  in  tin*  rnanufaolnrt-  of  faclitif*! 
wimv,  and  ntil  imcotnmonly  llic  oanie  AgetH  f^rNe?'  in  both  cnjncili 
Prtines,  nii><in.'<,  dried  npphi«  nnd  jintehrs,  rikI  dales  are  okmmonlv 
employed.  Various  berrii-*,  logwood,  alk:mrt.  r«l  ln-elit.  ooal-fl 
pnHliHis,  and  a  wide  variety  of  otlter  suhtHaiMm  are  nid  to  be  DM 
for  im|mrting  whir. 
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Tbr  addition  of  alonhol  »  necognUed  a»  a  legitinuiic  prartKv  in  ()k> 
case  of  ihp  fortilicd  wine*  ;  that  "f  f:l_vwTiu  lia*  no  >4iiitl»ry  »i^iilicnnc«. 
Tlio  amount  of  alno)  uw<l  fw  Iw-i^^tiifuing  oolor  t  «>  small  ait  In  her 
prxliictivc  of  no  hann.  The  i-m]>)i>viii(^'iii  of  (Icvuluruio^  af^ob*  is, 
like  (he  ><ubstitutioa  of  artifioial  product,  a  fraud  pure  and  simple ; 
imt  the  uw?  of  ]inw«Tviitivtr«,  such  iu«  «li<'ylio  iwid,  funiiaUk-hyilc,  and 
eulphilei,  U  ot>Jeoti<,>u:ib1e  on  account  of  dan^T  to  hcnltli. 

Kor  thr  iinprovi-nifiit  of  u-int^s  a  nnmber  of  priMX-mt^  utv  in  vugne. 
Cliief  of  these  is  "  plastering,"  which  o^udst»  in  tlie  additioo  of  g>'p- 
Mim  to  thf  niiiot  (or  iho  puqxise  of  t^curiii^  a  more  brilliant  apptnr- 
ancv  and  iucrca^^ing  titc  kn-|Hii};  <]ualiti(^tf.  Thi>>  af^-nt  4fco»mp»<>4^«  ibe 
poUi^-iun)  hiuirintlf,  fonnintr  l;inrale  of  culciiim  and  acid  ^ulpbntc  of 
)>ola>i<iiini,  which  latter  cvcntuallv  i*  oonvcrlfii  intit  tUv  iK-utnil  7nlpliatc. 
CbapCalizinf^  consisiit  in  ihe  nvutmlizatiou  of  the  acidilr  of  the  nittst  by 
the  iL-x'  of  innrbk-  dii^'l,  iitid  tlio  addition  iif  (^iine  Migar  or  ^ticoiie.  Thi? 
procc!«  din)iiii^h(t4  the  natural  aridity  and  incn';i*cs  iht*  vivid  of  alcohol. 
<iitllixin|^  iiiii^iM''  ill  diintiti^  tin-  riiuHt  m  m  to  n^lucv  it^  aoidily  lo  a 
given  standard,  and  addint:  Ji  sufficieut  amount  of  oim-  sugar  or  gluoose 
til  iuMire  the  jinMliKiiun  of  the  pro))er  alcoholic  strengtli. 

The  I'asteur  Ireutitiput  of  wines  is  resort*'"!  to  soinvtiinw  lut  eoon  W 
tvidoiioc  of  untoward  fcrint-iitationi^  pnkliK-injf  the  sj>-called  •'  wine  d»- 
«L«iw"  ap|K'9irs.  The  wine,  biwt  in  the  boitU',  U  heated  to  fnuti  -ih" 
to  1)5'^  ('.  according  as  the  al<*oholic  jiiivn^h  is  high  ur  low,  whereby 
Ui«  fxisling  germs  are  killed  an<]  llie  prwer\-aliau  <^  tiw  winv  iit  made 
permanent. 

The  inautifiictiire  of  artifleia!  wines  is  carriwi  on  extensively  in  this 
country  and  abroad,  in  spite  of  the  fact  that  fair  grades  of  Ihe  gt-nniue 
product  are  obluiimble  at  vori-  low  prii^^i.  A  number  of  hand-books 
wtd  guides  to  the  "art  of  blending  and  compounding"  are  pul)- 
lisbt^  for  the  n^e  of  wholesalers  and  ivtailerH  of  wincA  and  liifuurs,  and 
from  st-veRit  of  these  the  following  are  setectetl  as  example*'  of  the 
IgDetbodM  given:  (1)  i'orl :  etili-r,  ;H>  )>Tiilon.-i;  nloohol,  o  giillnris ; 
Qirnip,  4  guiluns ;  kino,  ^  |>ound  ;  tartaric  acid,  |  ]>ouud ;  port  wine 
flavor,  6  onnocA.  (2)  Olart^t :  California  lioek,  -10  gaI1ont< ;  extract  nf 
kino,  B  ountvs:  essence  of  malvey  flower,  J*  ounces,  (3)  Sherrj' : 
«jiuil  parts  of  Spaniel  sherry  and  (lalifonua  hock.  (4)  White  wine: 
dissolve  '1^1  {Hiun<1.'<  of  gni|)<.'  sugar  iind  I  of  Inrlanc  iici<l  in  'Jo  quarts 
of  hot  water,  add  7o  quartn  of  cold  water  and  oU  ptninds  of  grape 
pulp,  stir,  cover,  let  ferment  for  four  or  five  days,  and  strain. 

In  Frum'c,  iin  artificial  .sulistitnle  for  wine,  known  as  *■  piquet te,"  la 
man u fact ui'ed  very  exteiisivttly  from  nii^iiiiA  ami  driixl  apples.  It  is 
estiiii;it.-.I  that  in  'IXH8  no  less  than  oO.OOO.lHlll  gallon-,  mxto  made  and 
consumed.  The  pmoess  is  ex«tMlingly  (Simple.  To  each  gallon  of 
water  used  an-  aifdcil  1  p^mnd  of  raisins  and  1  of  dri^il  apples ;  the 
mixture  is  placer]  in  an  open  ve.-^sel  ami  allowed  to  stand  ihrtv  daya. 
It  is  then  liotlldl  with  1  tmsfKHiTifiil  of  Hiignr  and  a  small  piive  of 
«anniiinon  in  each  bottle.  It  i^  said  to  be  a  pleasant  and  harmleAA 
bevcfagc. 
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Analysis  of  Wines. 

Determination  of  Alcohol. — The  proMss  Ibr  tho  determination  of 
alc'x>ho1  U  tlif  wiiriv  n.-  (lull  follomil  in  lln-  iiimlyfU  nf  ln-vr,  except 
that  the  dUiillation  iir  evaporation  is  carried  farther.  At  least  60,  or 
bt'ttcr  75  ei-.,  iirv  ouil<.-cIc-(l  bv  tILitillntiuii  or  driven  utf  by  oix-ii  <;%iipo- 
ration. 

Determination  of  Extract.— Tlie  s|X'(!iii<-  gravity  t>f  llu-  d^^^levhol- 
ised  wine  gives,  us  with  Ix-er,  an  ap|iniximatc  estiiiuite  of  the  amount 
of  c-xtraot,  ami  the  ftann;  table  may  be  U(*ed,  The  dirc<'l  di'terniiualton 
in  made  by  eviij)oniting  oO  (x.  of  the  wint^'  in  a  weighinl  platinuni  dii^h 
ou  a  water-bath  am)  drying  to  cunstant  weight  iu  an  uir^linth.  WiLh 
(twwt  wtiii'.i,  II  stnnller  iiniiiiinl  in  [irefvnibie. 

Determination  of  Acidity — The  total  aeidity,  due  to  bitartrate  of 
|KitaH-'>iiim,  turlnric,  niali(',  and  oihcr  acidis,  ii*  rt-ckoiicii  ii»  twrlaric  arid. 
Twenty-five  et-.  of  tlie  wine  are  titrated  in  tlie  usual  way  witii  deoiiior- 
nml  MKliuni  hydrate,  1  ix.  of  wliivli  iijuuU  O.OOTO  gmtn  of  liirtanc 
acid. 

The  volatile  acida  are  reckoned  as  aeetic  add.  Fitly  ec.  of  the  wine 
an-  iiluard  in  u  <li>tiM!ii^  fWk  «>tincetf<l  by  nuiins  of  its  outlet  tube 
with  u  Liebig  eondenser,  and,  by  meau.'*  of  a  l>eiit  lul>e  j>.-iA8iug  tlirougb 
its  fttopi«er  and  projecting  well  Ixloiv  the  surface  <)f  the  wine,  with  a 
fliijik  eontaining  SoO  cc.  of  water.  Thi-  eontent*  of  lK)th  fluiiks  are 
broiiglii  Iu  till-  boiling-|ioiiit,  and  then  the  fhime  Ihtk-iiIIi  ilie  wine  itt 
tiirncil  down  and  the  eurrent  of  steam  jiassed  through  until  '2(H)  oe. 
of  distillate  are  eolleetwl.  Thi.-^  i*  lilrat«l  willi  der-inorinul  NiMliutii 
hydmte,  and  the  result  is  expreu^  as  acetie  aeid.  Tlie  detenniuation 
of  the  iiiiioiint-:  >'f  th<-  individual  iieid."  i^  of  no  hygii-nte  intere-.-<t. 

Detemunation  of  Sugar. — The  amount  of  i-ut^r  in  wine  if  detcr- 
niinttl  by  rtflncliou  of  Fehling's  .solution,  by  the  niethml  of  Allihn,  and 
by  polariflcopy.  For  the  details  of  these  raethiKU,  the  reader  iit  rcfernti 
lo  any  of  the  standard  works  on  wine  aualysis,  for  the  email  amount 
of  «iRar  or<lin!triIy  preiscnt  is  of  but  little  hygjctiic  int<riw1,  and  the 
de«eription  of  the  processes  woidd  require  an  amount  of  ?.|iace  viu-tly 
out  uf  j)ri)piirliiiti  III  thi-  ini|H>ri:in<r  of  the  .-ubji^'t. 

Determination  of  Ash The  residue  obtained  in  the  determination 

of  exlrnei  i^iii  1h-  iitiliwd  fur  the  ik-tvnni nation  of  the  ash.  It  Hhuuld 
be  ignited  iit  a*  h-w  ii  tenijHT.itnro  as  possible. 

Detection  of  Coal-tar  Colors.— \V'liile  the  presence  of  coal-tar 
colors  is  not  dillieult  of  detection,  the  idenlincation  of  the  individual 
raendiers  of  the  group  is  by  no  mean.s  easy.  The  following  tests  give 
rvliable  indimtiou.-*  of  the  priwiiee  of  thin  claw  of  colors.  Kijual 
volumes  of  wine  and  ether,  agitated  in  a  flask,  and  let  stand  and  se{m- 
rale,  will  show  in  the  etlnr  layer  n  ii-d  i-olonitifm,  if  anilin  ixilors  are 
present.  In  place  of  ether.  nitRi-l>eni!eue  may  be  used  ;  this  removes 
fuch.-*in,  i-osin,  and  met  by  I  en -blue,  but  dotw  not  take  up  any  of  the 
vegetable  colors,  sufranin,  or  iiitligo^uirmiiie.  Amyl  alcohol,  aW>,  will 
becnnu>  reildoned  when  agitated  with  wine  omtaining  anilins,  but  the 
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wine  must  first  be  made  flli^btly  alkaline.  If  white  woollen  tlinuuU 
art-  Jtiimi-riwi  fur  «)itii'  liitK'  in  ijic  eolort-d  liiiuids,  th(^  will  tiike  up 
the  colors  and  become  dyed. 

OftwiK'nvo's  t«-*t  is  jKTtormed  as  follows:  To  10  cc.  of  wine  add 
0.20  gram  of  mercuric  oxide,  then  t'tiEike  for  one  minute,  boil,  let 
.-■IiiikI,  uihI  Hltor.  The  liltrat*-  should  l»e  oleur,  and  in  tin-  iibsi'iioe 
of  anUiuB  sliould  be  t-ulorlet'^ ;  if  it  i*  n-d,  an  antlin  color  is  prei<ent. 
Absenw  of  color  is,  however,  not  conclu6i*e  evideuee  of  purity,  since 
a  number  of  the  aiiilin  ih)!iiii<,  us  i^osin,  nivthyk'u-blni',  nrid  ntliiT*,  nre 
wholly  preeipitatw],  and  so  do  not  ap]n"jr  in  the  filtrate  Safranin, 
mctbvl-eiwin,  Punwjiii  ti-d,  and  a  numlicr  of  otin^r  colors  an-  jini.'i|3i- 
taled  ptrtiallv  or  ci>mplotely, 

A  nnndx-r  of  ilitw,  infliiding  safranin,  Bordeaux  i-ed,  and  Poncenu 
red,  may  l>e  ineparated  by  the  f^llwwinji  ]inK-e«»  :  To  200  <x.  of  wine 
fnini  wliicli  tin-  alciihnl  lias  been  expelled,  add  4  ec.  of  10  per  eent. 
hytlroehJoric  add  and  *<ime  white  wonllcn  llireads,  and  Imil  for  live 
minute's.  Withdi-aw  the  threads  and  wivh  thera  with  cold  water  aeidu- 
lMt«i|  with  hydnxihioric  aeid,  nevl  with  hot  "iitcr  similarly  aoidnlattit, 
and  lastly  with  distilled  wat^r  alone.  Boil  the  threads  in  50  ce.  of 
ili'tilhvl  w;itw  eontiiininE^  2  ii-..  of  .-.tning  ammonia  water,  r«!move  them, 
and  immei-se  new  oues.  Make  aeid  with  hydroehlorio  acid  and  boil 
for  five  mimitta.  Varying  shades  of  nwe-red  will  l»e  imparted  to  the 
threads  if  any  of  these  coloi's  are  present. 

Fnehsin  may  !«■  dete<rtwlby  the  fitUowing  methods:  (1)  To  100  oo. 
of  wine  add  5  ec.  of  ammonia  water  and  ;10  ee.  of  ether,  and  shake. 
Rt'jnovc  Ihu  ethi-r,  which  will  have  no  color,  plaee  it  in  a  waleh-glas^ 
with  a  while  woollen  tlirwid,  and  let  it  cvaponitc  to  drj'now.  If  evca 
a  traiic  of  fnehsin  is  ]ire.sent,  the  thread  will  show  a  distinct  mse-ool- 
onition.  (2)  Mtx  2  vo1ume.'<  of  wine  anil  I  of  luilntion  of  Itiixic  aco- 
Uite  of  lo:id.  warm  gentlv,  and  shako.  Filter,  add  to  the  liltnite  &■ 
9innll  amount  of  umvl  itlivilml,  shake  :ignin,  and  n'm<ive  the  anivl  akH»>' 
hoi.  If  this  has  a  red  color,  it  may  W  due  to  fuehein  or  to  orseille. 
T'l  a  p'lrtion  of  iIk-  mlored  liquid  add  bydroehlorie  aeid  ;  if  the  cuhir 
is  di^chai^ed,  it  wti"  due  to  fuchfin.  To  another  ]Kirtion  atld  arnmniiia 
wa(i-r:  if  the  ctiiur  i-  iliau;;e'|   u,  purple  violit,  it  was  due  t<i  orseille, 

Detection  of  Preservatives. — Salicylic  Acid. — Spiea'.s  methwl  for 
delecting  Ralicj-|ic  acid  in  wine  is  an  follows:  Acidify  10  cc.  of  wine 
with  n  few  ilrops  of  hydriH'hloric  aeid.  And  shake  with  an  cfpiul  volnnw 
of  ether.  Kcmove  the  ether,  filter  it  if  net'csstin-,  aud  evaijorate  to 
dr}'nes».  .\ild  a  dn>p  of  nitric  acid,  warm  gently,  and  add  an  exw^t 
of  unimoniu  and  1  vc,  of  water.  Immerse  a  white  woijUcu  thruid, 
apply  gentle  hmt,  and  then  withdraw  the  thread,  wash  it,  and  dr^  it 
betwoen  picecj'  of  hlottinjr-iiajtcr.  .\  yellow  ccilor  indiaitu<  that  sali- 
cylic acid  was  present  in  tlie  wine. 

Anoth<T  melhoil,  fiir  whidi  gniit  delicacy  1;^  claimed, even  to  a  t<'nth 
of  a  milligram  in  a  liter,  is  the  following:  Acidify  HO  cr.  rtf  wine, 
beer,  or  other  Iic|nid  with  inilphnrie  acid,  and  shake  it  with  an  eqnal 
volume  of  a  mixture  of  equal  parts  of  ellier  and  naphtha.     Sepamte 
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the  «ther,  filler,  and  e\-ap<>rate  clown  to  5  cc. ;  then  acid  3  co-  of  «iit<) 
uiid  u  few  dn>|)ct  of  ver^'  dilute  Miliition  of  rerrio  chloride,  aud  liltg 
thr()ii(;h  a  wvl  lilliT.  In  lln*  pnwwHf  of  wilw-j-lir  avUl,  lln*  wuii-n-  po»» 
lioH  will  have  a  violet  color.  A  nxHiiliaitioo  of  tins  tni-thod  unii^^ 
ill  <'xli'iictiiit.'  with  el)H*r  idotH>,  iiixl  tlxii  extnirtiii^  the  i-tlii'r  roidii^ 
with  Daphtlia ;  the  a-*id«e  on  pva|Minitii>u  of  tltf  tuiphthu  is  iratud 
with  wxil«r  niul  vcrk*  dilute  ferrit-  chloride. 

Foniuld«ltTil«. — To  10  ix-.  of  wine,  mill  u  few  dropif  of  mill:  knon 
to  be  free  from  lornjaltlehvde,  and  »luike  iu  a  te-'it-tul>e.  Ncii  jjout 
down  the  v'ulv  »(  the  tiiU-  nlxmt  4— fi  cc,  of  (iti>>ng  oc>mm<^fr-iiil  >«!• 
pburic  acid,  and  note  the  oalor  at  the  Une  of  contact  of  the  iwu  liqnidt. 
{Sea  under  Milk.) 

Sulphites. — To  1!00  ec.  of  wintf  (or  beer)  ndd  5  cc.  of  pbof-filKirii! 
ai-id  ;  distil  l(HI<v.,  n^iin^  a  Liebi^  <x>»(U-nMTnilh  a  Ix-nt  di'livi-niulv 
which  t)i|is  Ix'Iow  the  ^iirliKV  of  20  n-.  of  dMriiMimial  dilution  of  iniiDc. 
liy  di.itilling  in  »  cunvi]t  of  wasbetl  a)„  the  danger  of  tmeiL  HKlioa 
i»  avoided.  'Hie  mirtiun  which  U  l>n>ught  about  ii>  a»  folinn: 
SO,  -r  ail.O  *  I.  =  II^SO.  -t^  2III.  The  amount  of  80,  luiv  iw 
determined  hy  ei>tiiiiiitin^  the  ex<Tt<s  of  tiKline  )iy  nii-»iii>  of  stoiulnnl 
sikUuiii  thio6ul|ih»te,  or  tlie  distillate  may  be  aeidi^t^tl  with  hvilrvo-blin' 
acid  and  the  coiit«in<.-d  iinl[)linrie  acid  [>n>cipiial(-<l  a>  bHriiini  Mit)iluit<' 
by  the  ad<lition  of  bHriiini  chlor>di>.  One  milligtam  of  bariutu^ 
pliate  is  etjuivalent  to  0.2748  uiUiffnuu  of  SO,. 

CZDES. 

CScWr,  or  apple  wine,  i»  tlie  fermented  jnicc  of  the  apple.  It  is  wsSe 
verj'  extensively  wherever  applcii  are  prown,  aiMl  i*  a  very  ini()oiliinl 
prodni'i.  vi«'W«l  either  a>H  twvena^-  or.-u-  tbe  haaia  of  what  is  npinlw 
genendly  im  the  lK-«^t  kind  of  vinegar. 

A  very  lai^,  if  not  the  pvater,  part  of  the  ctder  produced  is  n»it 
without  epecinl  cure  by  u  ven-  finiph*  process.  The  apiilrn  usfd  tii 
nnlinarily  those  not  marketable  f>u  account  of  small  siiu.-,  gnritiic^S 
over-riiH-iM-R!*.  or  bmii*<** ;  but  often  |ieri'ect  fniit  ih  w--*ed  wlwii  tiie  ifp 
is  m  abundunt  lh:ii  tlwre  i^  nion.-  pmtit  in  convertiiif^  it  into  ewlrr  xiul 
vint^ir  titan  iu  nemling  it  in  lurrel."  to  nmrket.  The  fniil  is  ^Toum 
to  u  pulp  anil  iircsM-d,  and  the  jtiiee  iii  drawn  into  ImrreU  and  allflvT 
to  ferment.  If  tlie  same  amount  of  carp  is  taken  a*  L«  givi'n  tntl) 
niakin);  of  wine  from  nm|>r»,  tin-  prothiet  iii  of  a  8U[M'nor  fjnulf,  iii>| 
keepfi  verii'  well ;  but  as  ortlinarily  made  in  tlie  ^mmtrk',  its  life 
vliort,  imlcH»  (nrnlMl  with  r<alicylie  aetd  or  other  pnfi«r\'ative  toditn 
fermentation,  Iu  Frannc,  wbcro  the  yearly  yield  U  very  ^nat,  tn 
best  grade-i  are  made  with  doe  r«yard  lo  tlw  temperature  at  Mliirli  l' 
fermentation  prmxi-iU,  aixl  to  the  iiii[Hirtniie<'  of  ntekin<;(ifrnnd  liiii 

C)<ler  of  ^hnI  quality  eonttiins  iisnally  from  -i  to  a  per  tvnl.  t' 
80tiii>times  as  much  as  8  |ter  cent,  by  w<'ij^it  of  ahiilml.  A'rrj-  m 
Ewect  rider  may  contain  lei«  tltnn  1  [ler  cent.  Tlu-  total  cxtrsa-t,  whi 
is  laf^ly  i<ugNr,  U  in  iuvpnw  jirnportion  to  the  amount  of  iilcobo) ; 
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nvcnijff  sninjkW,  it  ainounbi  to  from  4  to  U  per  cent.,  while  in  new 
suet't  cider  it  ts  coriirii'nily  m«riT  !♦  [ht  cent.  Tlic  f«f  lu-iils,  cliiflly 
iiiulic,  ;imoiiiti  to  le«i  than  0.7')  per  cent.,  and  avor.i^'  about  0.40. 

The  adullcmiitN  <>f  filler  un-  wuU-r  niul  .■ailirylii-  aiml.  'V\w  liiHcr  18 
(omul  very  cmiinjonly  iu  that  which  reachefi  the  city  umrkutjs. 

PERRT. 

IVrry,  or  "  [Rur  cider,"  iii  tlie  l<rineiile<i  jiiioc  of  pears.  It  is  D)a<le 
in  the  saoie  way  as  cider.  I'var  jiiJuc  iM^iiiy:  richer  in  migar  Ihaii  ujipl« 
jiiici-,  it  fiiliowA  tliat  llie  avenige  conteut  of  alcohol  is  itotncwhat  higher 
tbau  in  cider. 

Distilled  Alcoholic  Beverages.  I 

S])iritj*,  or  di.Milled  liquors,  are  the  product  of  distiltatioit  of  fer- 
mcntinl  «iigiir  solutions.  Tticir  most  inipurlimt  oonmlttucnl  in  I'liiytio 
alcohol,  which  is  ordinarily  present  to  the  extent  of  iihoiit  45  per  cent. 
When  fawlily  iiiikIv,  tlicv  rondin  vurinhlc  .tiiuill  iputntitiiM  of  higher 
alcohi>l>',  furfiiii>l,  fatty  aeids,  and  other  volatile  principles,  which 
t»)^t(hcr  con^tiliilt:  what  h  known  an  tnnei  oil,  the  chief  constituent  of 
which  U  aniylic  ulcohnl. 

Each  kiinl  of  jrriiin  or  other  raw  inntcrinl  from  which  the  ferment- 
ahlc  wiifpir  wihiliim  if  ohtainttl  yields  u  diil'crcnt  kind  of  fiiwl  oil ;  dif- 
ferent hocaitrie  of  the  ehanying  relative  pn>i)ortions  of  its  eonatiliient.s, 
which  ineliulc  hntylic,  propylio,  ami  lunylic  alcohols,  and  their  eorn-- 
spomling  acids,  hntyric,  propionic,  and  valerianic,  and  otluT  luiitlcrs. 
That  which  is  fmind  in  |(citiito  spirits  i«  nehcj't  in  iimylic  alcoh^il,  and 
i»  the  most  toxic,  while  thiit  from  ^upes  contains  by  far  the  hnst  inul 
pnNhicvs  the  hiwt  hann.  Dnriii);  llie  proi^cxs  "f  iiginp,  the  const itiicn Is 
of  the  fuivl  oil  under^  cheinimi  cliiniges  which  result  in  the  formation 
of  o-naiitliie,  )icctie,  and  hutyrio  etlicr?«,  iic-dlnlc  und  viilcrinmitc  of  aniyi, 
aud  other  C'>ni|K>niid*,  which  toprtbcr  coustitutc  the  aroma  nr"lH)U- 
quet."  Thu-',  a  spirit  is  impi-ove*!  in  two  ways  hy  long  stonip* :  it 
h>ws  in  toxicity  and  ^iinr<  in  Havor. 

The  ri'Iative  toxicity  of  the  several  alcohols  and  of  other  constiliicntK 
of  fuBcl  oil  hai  hiiTi  dctcnniiu'd  liy  Piijtinliu-Bcnumctz  and  others, 
wIk)  show  that  llic  poisonous  properlicc  increase  with  the  liiiilinf;-|H>int 
and  molecular  weight,  -Ii-il'roy  ami  Si-rvnni\  '  ihtrrniiiiiil  the  amonnttii 
in  grani?(  nccc*-«in.'  [tt-r  kilojjnnu  to  kill  a  rabbit,  as  follows ;  ethylio 
alcohol,  11,70;  propylic  alciihol,  :1.40 ;  bnlylic  nhiihol,  1,4-');  aniyli« 
aliiihol,  O.*!."!  ;  Ihrtunil,  0,24,  narcinlK-rg*  found  by  cxi>eniacnt  that 
arlilicial  spirits  :ind  winer-  made  with  port?  rectified  alcohol  nre  less  toxin 
than  the  tn-nninc  pnidnet.-a,  hv  rvii-uin  uf  the  .nbscnct'  of  the  i^nistitiicnt* 
of  fn«'l  oil.  Itoubinowitch.'  speaking  of  the  greater  toxicity  of  the 
higher  alcohols,  calls  altciilion  to  the  fnct  that  the  distlllatcw  from  cider, 
(HTry,  and  fcrnicnt^-d  };niins,  potatijei<,  and  iuol!U»s,  ure  much  more 
toxic  than  br.in<ly. 

'  .\rcliivRi  lip  Mi'Jocine  vxptruncnUiJc  iri  iJ'ATiniiiiiiii'  pnlliuloKiqiir,  180ft,  p.  SBS. 
_      »  IWdc-n^  |i.  7  li'.  *  Cian-lU-  dw  IlfipitaiM,  IWI-'i.  ji.  237. 
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Moid  spirit)!  are  colored  artJfii'ially  by  the  ailtlition  of  harmless  col- 
oring agc-iit.H,  lliH  most  wiilcly  u.-n-d  of  Mliich  U  cjir.iniel.  As  llii-  |irni'- 
ticc  of  coloring  is  \a  res]K>nsc  to  the  (Icmimd  of  tlio  com^umer  fi>r  a 
darker  color  thau  cuti  Ik!  obtaiui^l  otlierwise,  it  cou  liirdly  l>f  nf.riinii.tl 
OS  Hit  udiiltviiitiuii. 

BRAlfOT. 

Brandy  is  obtained  by  distilling  wines  of  the  jumrcr  ijiialities,  oficn 
niixdl  witli  llio  "  Iwss"  or  dregs  from  the  win*-  ca^ks,  and  tbe  "  mjii'c," 
or  «ilid  refuse  left  after  prewsinj:  tlie  ^'rajw's.  Thf  !«■_-  and  mare  are 
iLied  alno  alnnc  fur  ihi-  [iriiihii'lion  of  a  lii^lilv  iHloivaiii  bnindv,  wjiicb  lit 
tnucb  used  for  improving  the  flavor  of  niber  brandies,  and  tor  givinff 
flavor  to  the  lUtitieirU  brandies  mnde  fn>m  piirv  ali.'ohol  and  wnlcr. 
From  tbiif  man'  bmndy  is  obtained  the  oily  substance,  oenanthic  ether, 
which  is  known  ciminifiviiiiiy  iis  "nil  of  wiii<;." 

BniiMly  is  pHKbicwl  vcri-  largely  in  Fmnce,  and  much  less  exten- 
sively in  Spain,  I'mtngal.  and  Oerninny  ;  in  California  ami  in  tbc  uiin- 
giiiwint;  region  of  the  Ohio  and  Mi;°si»sippi  Valle}",  it  is  pR>ducetI  in 
large  quantities  and  of  most  exeelh-nt  ipiality. 

The  (Mlorliw  distillate  is  storcil  for  some  time  in  wikcn  casks,  from 
which  a  Bmall  trace  of  tannin  and  a  varying  depth  of  amiwr  color  are 
ai.i[uire<l.  Tliu  Havor,  which  in  gvncral  (ic|Kn<is  njvui  tlic  kind  of 
gi-iipeb,  their  condition  when  (ni-sised,  an<l  the  care  observed  in  the 
iiiakin);  of  (hi;  wiiK-,  bccwincj'  impnn'iil  diirJiig  storage.  The  liquor  is 
then  eoli.R^I  and  Iwltli-d  for  tbc  markeL 

Giwil  bmmly  should  ciiriiairi  from  39  to  47  per  cent,  of  iikidiol  by 
weight,  should  have  an  agreeaiile  odor  and  taste,  and  shoidd  be  free 
friim  substances  adiltxl  to  imjiiirt  sbnrp  ijisU*  and  apjiari-nt  strength. 
The  neai-ly  thy  re^-idiie  frtini  1(10  cc.  very  slowly  evaporated  on  n  water- 
balh  should  hav<-  a  plcjisanl  <Kkir,  and  irs  liisti-  slionld  be  iie.itlier  sweet 
nor  shtir|) ;  a  sharp  odor  points  to  the  presence  of  fusel  oil  dcrivwl  from 
potato  or  cereals;  a  swi-et  taste  is  indi«ili\e  of  a<ldc<l  sugar  or  glycerin; 
mid  a  >iiuirp  taste  i-^  suggf*''iv<^  "^  cjiyeiinc  or  other  spice. 

Much  of  the  brandy  of  eommerce  is  a  purely  artificial  pr(«luct  made 
from  alciibol  or  jsitiito  spirits,  water,  and  flavorings,  '['he  fonindiv  for 
making  brandy  aw  very  ninneixius,  an<l  not  a  few  re<|uire  what  i-  kiio»  ii 
iLs  bmndy  e.sseiK-c,  an  artii'le  made  wilb  others  and  other  substances  In 
xiiri'iiig  proportions.  By  one  formula,  it  is  made  with  »  parts  of  tenan- 
thic  ether,  4  of  acetic  eiher,  3  of  liiictnn-  of  pills,  I  of  tincture  of  pi- 
ntenla,  and  100  of  idi-ohol  ;  by  another,  ir  consists  of  l.i  luirts  of  acetic 
ether,  12  of  sweet  spirit  of  nlire,  ami  1  of  ri'difii'd  wxh«1  spirit.  One 
[tart,  of  either  of  these  mixtures  i"  sufiicient  to  flavor  u  mixture  of  1 000 
purls  of  alcohol  and  HOO  of  water. 

As  cxaiTipk-s  of  the  >vuy  in  wlii<4i  fhetitious  bmndy  is  nindc,  the  fol- 
lowing will  serve:  (1)  Boil  rt  ounces  of  ntisins  and  6  of  St.  .John's 
bread  in  wali-r,  filter,  and  tnake  up  to  10  <|uartK ;  mix  this  with  20 
«pians  of  alcohol,  10  ounces  of  bmndy  essence,  and  J  ounce  of  essence 
of  violet  flowers.     (2)  Dissolve  I  iwiind  of  argols  and  ;i  of  sugar  in  a 
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gallon  of  wster,  add  40  ^lon»  of  alcohol,  }-  pouix]  of  acetic  ctkcr,  3 
oonoes  of  tiDctnre  of  kioo,  6  pouods  of  bruised  raisins,  and  a  sufficient 
amount  of  canunel,  and  let  i4and  for  foufteen  dajrs ;  Aiuin  and  buttle 


WHISEX7. 

WbUk^  M  At  product  of  dUtillalioa  of  the  fcnnentcd  ma-th  of 
tenia  or  potatoes.  Th«  raw  Qtatciiiib  from  which  the  mash  i«  made 
ifiHiide  nL-iIt,  wheat,  rj-e,  com,  oatit,  and  pi>taio.  In  lite  pr»K*ss  nf 
m.ifihiii};,  tli«'  Ktarch  of  tlw  i^iiii  i»  chanj»pii  in  siiipir  Ijy  the  di:i»taiic  of 
the  mail ;  and  fince  this  ferment  k  cupable  of  cjuveninj;  other  aiarch 
than  that  with  which  it  ii>  aicaxTtated,  it  h  etistouiary  it>  mix  mall  and 
raw  i^rain  in  the  proportion  of  I  to  from  o  to  it  purts,  vV  bu^el  of 
^rain  nuikev  nlmiit  'i.o  gallon.'*  of  npiriu.  lu  dm  coiintrv,  ihr  gmin.t 
employed  are  ehicfly  dim,  wheat,  and  rj'e ;  in  (Jreat  Bntuiu.  barley, 
oata,  and  n'o  are  uaed  (c^cthcr ;  potatoei  are  u-'«d  to  a  greater  or  ]esa 
extmt  on  the  continent.  The  mush  for  i^lcb  whiskey  is  very  com- 
monly pn-parwl  from  2  porta  i>f  malt,  7  of  barley,  and  1  each  of  ttate  and 
T\v ;  tliut  for  Iri^li  wlii»ki;y  !.■<  the  siiinc,  wilh  (be  i-jciy^ilion  of  llie  rj-v. 

As  «oon  as  the  fermentation  nf  the  mai-li  through  the  ageney  of  yeast 
i»  outnplcttt,  i1k  d  I."  I  illation  h  begtin.  Thi;  tirsl  dbttiljate,  knnwn  a» 
"low  wine,"  U  re-distillcd.  TIk second  distillate  is  etrmigcr  and  less 
rich  in  fusel  oil,  whieh,  being  less  volatile  than  ethylie  aIoiihf>l,  cornea 
over  chiefly  iu  the  later  portions.  The  new  whiskey  J*  stured  for  sev- 
eral year^,  in  ordiT  iliat  it  may  aotjiiire  the  flavor  due  to  ilie  fornuition 
of  new  compounds  frvjm  the  constituents  uf  the  fusel  oil.  During  stor- 
age, ii  takes  up  a  trace  of  tannin  from  the  oak  uf  the  casks. 

The  flavor  of  whiskey  de[)ends  iijwn  the  iiatiin:  of  the  raw  malerial, 
and  largely  upon  the  aging  pmoes.'.  The  disagreeable  flavor  and  odiMr 
of  new  whiskey  ftn*  due  to  fii.*el  oil  ;  the  smuky  tiiste  of  Senteh  and 
Irish  whiskies^  is  due  to  the  smoke  of  the  peat  and  turf  6res  over  which 
the  ninlt  is  dried.  Indian  corn  whL-iky  lia.-<  a  miieh  different  flavor 
from  that  of  rye  whiskey  ;  this  fliivor  i?-  regarded  highly  by  many  to 
whom  rye  whiskey  is  unpalatable  and  insipid,  and  at  the  same  time  it 
is  sii  full  lliut  to  others  it  is  rank  anil  nausea  I  itii^.  The  (vecidiar  flavor 
of  Bourbon  whiskey,  so-called  Ijeeause  origiiuilly  prixhifietl  in  Houri»on 
County,  Kentucky,  is  due  Lo  ihe  «>ni  from  whirl),  with  rye,  the  iiuish 
is  prepare<l. 

Whiskey  of  ginvl  (|uality  should  contain  aliont  45  pcT  oent.  of  alco- 
hol by  weight,  and  should  yielil  not  more  (han  0.25  jter  eenl,  of  nfi- 
dne,  which  should  have  a  slightly  aromalie  wlor  and  but  little  taste. 

Whiskey  is  nuiiiufactnrol  ver\*  Inrgely  from  ah.tdiol,  »vnter,  and 
various  flavoring  compounds,  some  of  which  can  hardly  l>e  looked  upon  , 
as  wholly  inniK-iious.  The  following  direi-litins  are  (aki-ii  from  a  siuall ' 
work,  the  object  of  which  is,  according  to  the  preface,  "  t<>  give  the  dis- 
penser of  li<[uors  thorough  and  prjicticii!  information  by  which  he  hHII 
be  euablc<l  to  comitouiid,  and  blend  I)i|itors  for  his  own  puqioses,  and 
thus  secure  the  additional  profit." 
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1.  Bourbon  Oil. — Take  orfiiHc)  oil,  64  uuncw;  wviate  of  ))ota)«iiiii) 
ami  niiltihtiric  utut],  well,  4  imiHx?^;  aud  Itluck  oxide  of  niangauw^  I 
«uiicc.  Dissolve  )  oint<.-e  wicli  of  Klilphnl<>  of  wipln'r  iin<l  o.xii!iil»  rf 
aiumoniiim  in  4  ouiktit^  of  wsUt,  mix  all  iu  a  ^la^^  peri'olator,  iiui]  Ih 
n^t  fur  Iwdve  lioiirH.  Tliea  |)frroliitv  nii<)  ])Ut  iiiUi  «  gto^  ftill,  lUiit 
distil  (i4  ounce!!. 

2.  liyc  OH. — Mix  fi4  ounow  of  fiiwl  oil,  8  wicli  of  lenantUic  rthfr, 
chloroform,  and  Hiiljihiiric  ui-!d,  and  2  of  chlorau.-  of  poliiK»itim  iii  Hvl 
wiiter,  [)liu'f  in  a  gt.t.v  Mill,  mid  distil  64  otinoo^ 

3.  lirtuliny  Oil. — Mix  tfifrdlit-r  -IS  oiiinxw  of  oil  of  swM-t  iilmfowl" 
and  12  of  snl|tliur!o  arid,  iinil  wht-n  con]  ni'Uiralixe  willi  amnioiiin  uuJ 
diliitv  with  doiililc  i)iv  vohimv  of  proof  !<](irit.  "  This  m  u»k1  to  {Ml 
an  artificial  b«id  on  inferior  liquorK,"  For  making  the  loun't  ffwt 
of  whiskey,  on«  U  diRvt*"!!  tr>  mix  'A2  gullonfi  of  alcohol  aiid  ICof  wftUr, 
4  onnws  of  tviramol  and  1  of  beading  oil.  B_v  iwitlinii  oil  <if  i^c  or  oil 
of  IJourhon,  "innlfing  llic  result  rj'e  whiskey  or  Bourbon,  a«  iht^cwe 
may  bo,"  the  vuluo  is  isaid  to  be  incrt^nseil. 

From  another  .similar  source  the  following  n.fii)<>8  for  fartitioiw 
whi.-*kcy  ur«  tiikeii : 

1.  Bourbon  Whhkni — Proof  spirit.'  U'O  ^,dlon-'< ;  |K-ur  oil,  4  ouiicrt; 
pelargonic  ciIkt,  2  oiKia's ;  nil  of  winti^rgrt'cn.  1  .'i  dnn-hms  in  ciber; 
wine  viiic-pir,  I  giillun  ;  rammi-l  coh)r,  a  siirticirnt  <|nantily. 

2.  Old  Itoui-lmn. — .\lcohol,  40  gallons  ;  Bonrbon  \vhii«key,  Ji  p^ 
lonn ;  sweet  opiril  of  niirc,  1  on n el's ;  fu.ti'l  oil,  2  ounei-s.  Mixand 
let  standi  four  days. 

;i.  Ohl  l{i/i: — Sojik  II  half  p<H"k  of  roasted  drietl  peaches  put  i^ 
into  u  woollen  lia^  nnd  leach  with  common  whiskey  tmfticinil  fo" 
barrel,  and  add  12  dix>ps  of  strong  ammonia. 

4.  l^ofcfi  Ulilirh';!, — Ahroliol,  46  pillonn  ;  g<>niune  Seotch,  9  f"' 
lone  ;  water,  \ii  gallons  ;  ate,  1  gallon  ;  ereasote.  'i  dro|w  in  2  WinW 
of  acetic  Hcid  ;  |M'hirgonic  ctlier,  1  oumi- ;  honey,  3  (Kiunds. 

!}.  IriiA  }l'hiKl:ri/. — .Sfmio  as  above,  Bubstituting  Iri*b  for  Scoicki 
and  omitting  the  honey. 

RUM. 

Rum  is  made  by  distilling  fermented  mola.isett  or  the  ^kimminj^oi 
iiugHr  txiilfr-^,  with,  not  tincommonly,  other  snlistdnwi*.  us  piiit«pp»* 
nod  gna\'a}4.  to  give  flavor.  The  eharacteriiitie  flavor  of  rum  i*  diif  W 
hiityrie  ether.  The  aleoholie  content  of  nmi  is  very  variiibte,  rsnj^nR 
from  .10  to  over  60  \m'.t  cent,  by  weight.  Like  oilier  c|iiritji.  mm 
verj-   Uii^ly   an  artitieiat   )inMlnel  of  ftlcoh4>l,  water,  and   flavoring 

'  Proot  iinrit  in  itrflood  by  an  art  of  nulUmrnl  iw  a  dttiitnl  ipiril  vhick  •!  61*  ^ 

li  ixiiiijiiii.  Iitilf  jM  vi>liiiii«'  i>f  nlmliiil  n(  «|i.  v-r.  ti.TlliW  HI  60*  F.,  or  4ii.S  per  cail. ' 

and  iintlvr  pmof  mmn  lliul  ■  itiiiril  u  (iroiigiT'r  or  iirnkpr  ilian  ]<f<H>f  )i|ilril,  and  " 
VICTIM  or  dcflcionoy  U  «x|>r«H«i)  nn  it  ni»ny  iWivvb  nvi-r  or  uwlvr  pn<ft.     Tli«  ♦"P'J 
■ion,  for  exaniiile.  H  utiiltT  prvuf,  nivan*  llini  itif  n|H.t:iin<.'n  conwiin  ti('i''i  (lartx  of  ■■''I 
and  7&  iif  pmif  r.p'n'» ;  2d  over  pniol'  m«im  iliui  lUCi  |iiirt;>  unj  be  diliilod  oilli  2.'i  4 
water  (o  bnng  it  li>  th*  Mrtniph  of  prunf  kpirtt. 
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known  aa  mm  efi«enoe.  One  of  Uiesc  eonjikte  of  15  parte  of  butyrb 
ctiicr,  2  <'iwli  i)f'  atetir  ether,  u-iaenoc  of  vanilla,  and  essenw  of  violi-l, 
and  £10  of  ak-uliol.  Auuttii-r  coiivUls  of  3'2  iwri:*  caoli  »>f  rum  ether 
aod  iKx-tie  i^thcr,  8  of  butyric  ether,  Iti  of  extract  of  saffron,  anil  J  uf 
oil  of  blrt'h  t-iit  in  Mnmj;  iiU'ohol.  Tin-  rum  i-t.licr  ii'[|iiinii  i*  a  jiiiKliict 
of  the  ili.itiUaiion  of  akmhol,  MilphuHc  acid,  pvroligueou.-  acid,  and 
hlai^k  oxidf  of  iiiunguiH^-.  Priiii<-  juiuc  is  ul^to  u  ihjeiiuiuii  tidilition  to 
factitious  rum  for  its  Haver  aud  color. 


om. 

Gin  is  an  alcoholic  liquor  flavon^l  with  juniper  Iwrries  and  a  great 
variety  of  other  i<iibstJiiRv--<,  iiicludiug  iTanluiiom,  <-oriandi-r,  oaK^ia  bud.% 
calamus,  orrifi,  angelica  root,  orangi-  peel,  liisjriw  ])owdcr,  nnd  sugur. 
It  Hhouiil  <-outitiii  itlxml  40  ywr  crnX.  of  alcohol,  and  Dot  over  ti  per 
cent,  of  total  residue,  U]cludiiig  (-ugar. 


Liqnenrs. 

TJqueuFB^  or  ocHtiiuU,  arc  luiinufiiotnrcil  <:Htm]Ktnnd»>  of  alcohol,  vntttOf 
li.il  iiiN,  cane  sugar,  and  coloriug  matit-r.  They  ctinUiiu  usually  aboaC 
40  per  cent.  ()f  alcnliol  by  \vtij;ht,  and  from  "io  to  50  jk-r  ociit.  of  mui; 
wupir.  The  colorings  are,  as  a  rule,  of  vegetjible  origin,  but  *ionictiincB 
tile  c'lul-tar  colore  arc  eiiiployd.  hi  ihe  siuaW  amounts  in  whieh  llicy 
an-  eiiiiHiiiuinl  at  any  one  lime,  they  can  hardly  l>e  looked  upon  as  espt-- 
cially  harmful  apart  from  their  alcnlmlic  content.  There  ij»  one,  how- 
ever, very  lately  consumed  diluted  with  water  as  a  *'  long  drink," 
that  a]iiK'arK  to  exert  n  <lw!id«lly  deleti-riou.-*  i-Heet  upon  flic  ncrvrms 
system  ;  namely,  absinthe.  The  evil  effect*  of  tliis  drink  aiv  by  i^ome 
nltrihiiti-d  hi  the  oil  of  wormwtnid  ( Arttinitt't  iifutinlhitan),  aiul  liy 
others  to  the  star  anise  (Jtficium),  lioth  of  which  are  among  the  numer- 
ous ingri'dients  useil  iu  its  manufiicture. 

Where  the  blame  lies  i^  of  no  great  eonsequencK^,  the  ilrink  beinjf 
one  which  should  be  shunned  above  all  others  as  a  jtoison  without 
n-pird  to  the  iiuiiK'iioiisiii'«s  uf  riio»t  of  itjs  con?ititucut,'« ;  but  it  is 
unlikely  that  its  disustrou^i  effects  arc  due  to  wormwood,  which  as  a 
dnig  hiLs  little  or  no  action,  and  which  (>ut<.-r»  into  the  composition 
of  another  drink,  vcnmilh,  which  enjoys  a  good  reputation.  This  is 
in  no  wnse  a  cordial,  hut  for  coaveiiieni-e  may  ht-ri'  l)e  de-scrihi-d. 
Vermuth  ts  a  forliticd  white  wine  in  which  certain  herbs  and  other 
vegetable  matters  have  lat'ii  infusiil.  The  ordinary  French  vermuth 
is  made  from  wormwoixl,  bitt<?r-(ira»ge  peel,  wattT  ^-nnandpr,  orris 
mot.  chamomile,  Peruvian  liark,  almw,  cinnamon,  nutmt>j»,  centaur^',  and 
rasjilierry,  but  nmnv  othi-r  ^iibstances  are  iisiil  bv  dil1<-ri-Mt  niakent. 
The  fn«h  product  has  a  very  pronounce«I  flavor,  which  is  mellowed 
by  age.  The  wines  most  nsixl  in  tnukiitg  l'"n.'neh  venuuth  are  from 
the  Khonc  Valley,  Picpoul,  and  from  the  southernmost  [Kirts  of  Fninoe. 
Ilnltan  vermuth  differs   materially  fix>m  tin-  French ;    it   is  a  much 
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vraker  infuRiou  wttli  ii  fiir  nutrc  l>ittcr  buste.  The  materials  used  an 
ill  xXw  maiii  the  saiiic,  but  tlie^*  ure  emplo^vd  in  very  diflcmit  pn>pt>i« 
tiouft.     Vermutb  wutain^  nbout  1 7  per  orul.  uf  alculwl. 

Section  6.     CONDIMENTS,  SPICES.  AND  BAKERS' 
CHEMICALS. 

Tbe  coiidimeDts  inolude  a  liirjft-  titmilM-r  of  fwKl  n«-«'!»i>rM'!«  whicli, 
wliili'  llic)'  «n-  ihi'iiisi-lv(»  of  no  mitritivc  value  in  tlic  amouuts  wliicli 
it  iri  puMiibk-  to  uit,  serve  ti  vi-rv  um-IuI  ])Iii-[kim*  iii  iitt|ULrting  flavur, 
ami  ill  Hlimuluiiiig  u|)[K'titv  mid  dij^tion.  Ainnng  theu  are  funii- 
wliiili  iict  tlinmgh  IVve  acids,  mxiu:  (l)r(iii|;li  voliitilv  "iln,  mww  tbrougli 
iiviiiuiiM  iiiatlfi'ri,  uiid  one,  jN-r]iu|]«  (be  mu-it  iniportunt  of  all,  oimQi"0 
sail,  tbrimj^li  itiiclt'  alune.  Some  iii\-  HJiiipli-  MilK>iniK-<-7< ;  n-->  vinc^ciir,  tall, 
uih!  iIic  )^picL«  ;  wliili-  otlu-re  are  corabiiiutinDs  of  a  numtxTol'  ingn*ii- 
eoLH  l)l(-nde<)  Hixyjrdin^  ui  dcliitil4-  and,  bm  n  nile,  .lecret  formaW;  w 
Buiiwi",  cbuintyii,  c-jit«U{»-,  and  oiirnes.  Only  wlicn  tbix-  cmiiiKHiiitlwi 
ariirles  cuurain  nubslimciw  injurious  to  biullh  «in  they  be  rc^rdnlM 
iidulu-mti^^l.  The  Uiinato  ciitMUpt'  are  prwierviJ  very  <'oiuiHnuly  flilli 
saliL-ii'lic  acid  or  <i|1«t  priwrviitivcr*,  and  eolored  with  aniliii  ii'^ 
Tliu-H,  of  25  i>aiupl<«  of  diQerent  miikei4  exnminod  in  1 8i)7  by  the  bitlih 
authoritieij  of  Snn  l''mnei«!o,  20  cy^mtnincd  salicylic  acid,  2  wmtaiutJ 
tiiis  iipMit  togi'tbiT  with  iionijc.  and  I  runtniiKil  foriiialdebyde ;  l<)  wt« 
anifinally  colored,  nionily  wiib  coal-tar  colors.  Of  38  cxiiuiiiied  liy 
tlic  Miiswiclnisctte  Sliitf  Board  of  Healtli  during  1899,  15  contftiiw 
aalicj'lic  acid  and  13  benisoic  acid. 

VINEOAK. 

Vinegar  is  n  weak  solution  of  actftic  acid  resulting  from  the  ncefiu* 
fermentation  of  saccbariiie  i-olutious  which  lave  undergone  aleolioli* 
fermentation.  It  eonljiinei,  in  addition  to  acetic  acid,  small  and  uiiiW' 
]tortant  anionnts  of  alcohol  and  aldehyde,  and  extractive  matters  m 
vuryiiifT  imiountK,  according  to  tbe  nature  of  tbe  on^tnat  liquid.  Thj? 
acetic  acid  cont.ninul  i>;  tlic  |>n>din;i  of  oxidation  of  alcohol  thr^mp' 
the  iigen<n-  of  Mj/etMlemiu  lufti,  a  fungus  wbidi  fonnii  wlint  Lh  kiio*'f 
w  tin-  "motber  of  vinegar."  Thu.",  the  change  from  sugiir  to  nccVO 
acid  involves  two  se|tarate  lemientative  diangw  tbniugb  tl>r  agency  *". 
two  diffen'ot  ortpmiMiis,  Snivhiromj/rfti  i-rrieiinir  and  .I/t/cw/oniMi  off"" 

There  are  wveral  kinds  of  vinegar  in  common  iw,  as  follow!! : 

Cider  Vineffar. — In  ihi.*  countrj-,  cider  vinegar  is  rcgnrdtil  V' 
generally  as  tbe  most  d(*irable  kind.     It  rontnini*  uo  aldehyde.  alrt>' 
i.it(>  lo  .^JiO  (K-r  cent,  of  nw-tie  acid,  marked  traccf  of  nmlic  acid,  »<• 
iboiit  2  jier  cent,  of  toljil  rt^idiie.  or  "  eidi  r-viiu'gnr  wlids." 

Wine  Vinegar.— Ill  wim'-prcKlucing  countries,  tlve  vincgiir  in  iiirtf 
mon  uw  is  nuute  from  tlw  cJim|>i'r  kindti  of  wine-     It  has  color  or  uO' 
dcourdlDg  to  (be  kind  of  wnie  from  which  il  is  made.     The  i^o-rall 
white  nine  vinegar  t»  ctitninon  use  in  tliis  country  among  the  forcigd 
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bom  population  u  a  colorless  product  of  the  oxidation  of  dilute  spirits. 
Wine  vini^ir  iMinlaiim  rntlier  more  acetic  avid  tliau  cidor  vinegar,  hut 
&r  le»  n.-»idu(.'. 

Molt  Vinegar. — In  England,  which  it«  neither  a  cidcr-productng 
DOT  a  win(vprod lining  (wuntry,  the  vinegar  in  pominont*!  uit-  is  lundo 
from  »  Witrt  ](i-ppart«l  fn>m  malt  and  uninaltod  grain.  It  is  les^  strong 
in  art' lie  ac'id  lli;iii  flu.-  viiicgiir^  iilnvidv  <liL'>i'ribc<l,  bill  eommorily  con- 
tains sulpburie  acid,  which,  iiiuler  thi?  English  law,  is  a  pertniseible 
admixture  to  the  extent  of  not  cxeutling  O.IO  per  rent 

HolAsaes  Tlnegar. — A  very  Xox^q  part  of  the  domestic  supply 
of  viiK^.ir  is  rnninjliii-tiircil  fn)tn  frrnn-nliH]  niolii-tsi-K.  It  Is  nmilt-  to 
imitate  cider  vinc^r  in  cnlor,  and  i^  Nold  c'>mnionly  under  ihc  name 
rtf  tliat  arti«'le.  Il  yii*lds  aliont  tlic  .<ime  amount  uf  acid,  but  is  very 
deficient  in  resiclue.  The  latter  has  a,  very  bitter  ta»te,  mid  aWnr  euui- 
plete  ignition  yieliU  an  a.-<li  i-onijii ning  no  ]Kitassium  salts,  while  that 
from  cider  vinegar  gives  a  deciditl  imlieation. 

Spirit  Vinegar. — Spirit  vineg;»r,  al^o  known  as  *' Quick  Process" 
vincjipir,  is  nnidc  from  dihilul  aleoliol.  The  pnicc-<»  n.-«etl  i.-<  the  same 
as  tliat  employed  in  the  making  of  malt  vinegar  and  molasses  vinegar, 
A  ecriej*  of  Huitiible  vut-t  is  iHinstnicK-d  iinil  lilUil  with  Ni'ch  or  bin-h 
shavings  or  twigs,  which  bv  approprisite  ti-ejttment  become  coate<l  with 
Mil-'oilrrma  iirdl.  The  ak'nholii-  liijuid  is  iillowml  to  pereulati-  through, 
an<i  in  iu,  passage  the  aIw)hol  is  tninslbrmcd.  The  tcnipenitun.-  of  tbo 
room  id  maintained  at  about  70"  F. 

Adulterations  of  Vinegar. — 'Plie  principal  adulterations  of  vini^r 
art'  thi-  u<Mitiiiii  of  nutcr  and  tlie  coluring  of  irifi^rinr  gr:i<le.'<  m)  that 
they  may  lie  -old  iu-  eider  vine^r.  Where  laws  are  ui  foR-e  establish- 
ing standard.-  of  acidity  and  r&-«idue  for  eider  vinegar,  a  very  eonuiii>n 
(rami  if  the  addition  nf  rider  jelly  or  of  a  prejmnilion  maile  from  apple 
pomace  to  a  cheap  vinegar  of  the  prnj)er  strength,  eidon-d,  if  neot'ssary, 
with  e.ir.niii.il.  Sui'li  isimjioiinds  iilwavs  »lii>w  but  .-light  or  no  rciiction 
when  tcjfted  for  malic  acid,  Tlie  addition  of  minei^l  acids  is  not  a 
common  ]ira('liei-  in  thii*  country. 

Examination  of  Vinegar.— Addity. — ^To  6  oe.  of  the  spedmen 
in  a  [Hprcflain  (aK.-^-ii)!e.  add  a  (ow  iliiips  of  pliennlphthitlein  Holntion 
and  iilwnt  '20  w,  of  distillitl  water.  Titrate  with  decinonnal  s-xlium 
liydrate  »wliiiiun,  adding  little  by  little  inilil  the  a|ipi<ariincf  of  »  tiiint 
pmk  ivilorution.  The  innnber  of  cc  of  the  nciigcnt  uned,  divided  by 
10,  u|uals  the  ]iereentage  of  absolute  acetic  acid. 

Beaidue.— Evapmiti'  .'i  gnim-  in  an  ai.*nini(clv  wciglui!  phit.inum 
di.-h  to  complete  drvness  over  iMiiling  water.  After  the  residue  is 
weighed,  it  may  hi'  ignitetl  fitr  ifs  yield  nf  (isli. 

Ciennine  eider  vinegar  should  give  no  more  than  a  faint  cloudine?^ 
on  being  testeil  with  nitnite  nf  silver  .iiid  chloride  of  iKirium  (alvsenee 
of  more  thiin  Inii-es  of  cldoriilc!-  and  sulphate*),  iirxl  slmuld  yield  a 
fairly  copious  prH-ipitale  with  soluiion  of  suhaectatt-  of  Wd  (prcsi-nee 
of  malic  acid).  The  residue  i<houhl  not  ta»tc  bitter  (alwcmx- of  i-anunel). 
Ciiier  vinegar  to  which  water  hiu-  been  addai  is  likely,  according  to 
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the  pature  of  the  wairr,  to  show  more  than  the  luoml  T««»ltt«  on  i 
iiig  for  vhluridiv  and  Kiiliihutcif,  mid  to  yiold  notablp  trut'es  «t  limt 
Molasieii  viiifjifnr  ^oiierallv  yicUU  marked  indicaliotiA  of  liniv  wlu  at 
n  inon!  ur  li-.->r>  |)n>ii<)uiiM'4]  tulor  of  rum. 


LEUON  JTTICE  AND  UME  JUICE. 

Ijenioii  jiiW  if  tht-  i'\]m---.si'(l  jiiin-  i>l'  ihc  ri|ic  fruit  of  Of/rtw  /(monun. 
It  is  II  iK>niL-H-hiit  tiirl>i(]  ydlowisli  1ii|tiHl,  with  a  vcn>-  add  aMe  sodi 
slight  agreeable  otlnr,  dm-  in  [tan  to  the  [iivseiKx^  of  n  iiiiuill  tnier  of 
vulittile  oil  from  the  lind.  It  i^hoiild  CMntaia  tiboiit  7  to  10  perntiit. 
of  citric  add,  and  ttliould  yield  from  n.Hi)  to  1 .00  per  oent,  of  luA.  Ill 
.■«|Kvifi('  gnivity  shiiiilil  Ik>  imi  lerw*  lliaii  1.030,  and  i*  inrually  nhuiV 
1.040,  Am  it  ii-  quick  to  undergo  deer ini|>0!iit ion  io  itM  natural  «»' 
ditioii,  II  DiimlHT  of  iiietho<l--<  have  Ihiii  pmiHi^eil  fi\r  \\%  pn-scniitint^ 
the  be»tt  of  which  iip]>eurs  to  be,  fin^t  to  clarify  it  by  meaui^  of  slnm; 
aleohol,  next  to  filter  or  deeani  fniai  tlie  |>nvi{iitiitixl  iiuitterts,  ami  thru 
to  expel  tile  aU<ohol  by  Iicut.  The  ctwir  juice  may  then  be  buttled  ttii 
sterilize*!. 

Liiuejiiiee  i"  the  ex ])reiwod  juice  of  the  wmr  lime,  CUriut  nnWrt,  anil 
of  the  sweet  liliie,  C  (imrHa.  It  wmtaiiw  usually  aoiuewlint  Ifw  iic"! 
tliHii  leiiiou  jiiitv,  uikI  liii.-<  a  lower  .niKt-ific  gravity.  It  U  [ircwrk'nl  by 
the  same  methotl. 

A^niiti.'U'orbiitie.s,  h-moii  jiiic^and  lime  juieeareof  ulKiut  e(|uii]  vlllll^ 
mid  far  siijKTior  to  vlnepir. 

Adulteration, — I^'mon  juice  U  much  more  Aubjeet  to  adultcniioit 
than  lime  juice,  but  Ijotli  iirc  falr-itiitl  and  imitiitcil  extenwvely.  1" 
(iiit,  il  WDiild  imt  ht-  overstating  llie  case  to  say  tlial  by  far  ibe  IiwjH* 
part  of  the  lemon  juJw  sold  in  ihi*  ii>untry  is  wlmily  fiu-litioiix  Ct""" 
monlv,  it  in  noihing  more  tliim  an  ac|Uvous  ^ihitiou  of  citric  acid  ;  miKio- 
tiinet^,  it  is  flavore<l  with  oil  of  lemon.  Its  taste  in  mui-li  sharp(7  »M 
lesw  ngn^iible  thiiii  ihnt  of  the  genuine  article  TIk-  re^ifltie  biVrtJ 
difTerent  in  <hanietev  and  a|ip<-ani»<-e,  and  Imves  pmctieally  n*"  n^'b <* 
i^inition.  Otlier  aci<l'i  are  u*vt\  sometimtw  in  \ihuv  nf  <ir  in  iiilhli"" 
dirk'  af-id.  The  one  most  enmnionly  em|>loy«]  is  said  to  be  tarunf } 
this  is  detected  readily  by  the  gniduiil  formiilton  of  bitartmte  <'f  !»«* 
siiim  on  addition  of  the  aei-tate.  The  mineral  iichIk  are  suiil  to  be  iidu" 
not  infreipieutly ;  they  arc  ik-Iccl*'d  witlimit  dillicwlty  by  tlie  comin'i' 
ti:st8. 

SALT. 

The  best  irradee  of  ooinnioii  anlt  iirr  while,  dry,  frw  from  dirt,  no 
eiiHipleiely  sobible  iit  water.  Many  s]X'cinR'iiB  of  girncl  f|Unlity  enntsw 
Iraf-eH  >if  ehloride  of  magiiesium,  ^vhi(■b  I'nuses  caking.  In  hunii4 
weather,  even  the  Ixvt  grarU>  of  sill  iilK4iflK>  inoUlurc  siiftieieat  iB 
HDiQUitt  ti>  cause  it  to  low  ite  dri',  (lowilety  nature.  The  addilim 
of  aliotit  10  per  eeiit.  of  com  ttlareh  serv<^  to  keep  it  Ary  and 
deml. 
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UDSTARD. 

Mustard  is  thc>  flour  of  the  h.'cJ  of  iIk-  black  and  lh«  whiU'  niii.->tar(), 
Sinapiji  iiiffrr  and  S.  alha.  The  first  mE^iriooed  is  much  the  more  puu- 
gent  "f  till-  two;  on  boiug  wot  willi  w-ntcr,  u  volatile  oil  i^  iImvIo|(w1 
fntiii  twii  iif  its  4H>nt<tituents.  The  white  nitistunl  ylcliU  no  voliitik- 
oil  bv  thijs  tniitnu'iil,  Iml  dcvelnjw  im  jicrid  iirinciplc.  Bitlh  varieties 
of  r«cds  contain  a  bland  fixed  oil  to  the  extent  of  2tt-25  \vr  ^-eiit.  As 
thi»  uiliU  nothing  to  thv  flavur,  niak«)  (finding  more  difficult,  aud 
exerts  an  injurious  ttifluenoc  on  the  keeping  qualititM,  il  is  n-inovcd 
fn.ni  rliv  whole  sci'ds  by  prtswun-. 

Miistiird  is  largely  i^ubjcct  to  iidiilleralion  with  wheiir,  ri<v,  and  enni 
flour,  willi  tlii;  liirlher  addition  of  mrraeric  to  restore  the  color  lost  by 
dilution.  These  substances  are  dctoctod  very  nuiily  by  raeanti  of  the 
mierosixtpe.  Fiirtherniore.,  sinw  stareh  is  wholly  atwiTit  fnitn  pure 
ninstunl  (lonr.  if  a  small  ]iortion  of  u  itiispecled  sample,  boiled  iu  a 
little  water  in  a  test-tnlje  and  cooled,  gives  a  blue  nr  blni.->1i-bl;ii'k 
ti)k>r  iin  ihe  mklition  of  coinjioniid  iixliuu  aolutiou,  it  unquebtioualily  is 
adulterated. 

PEPPEB. 

Pepper  is  the  fruit  of  Piper  nl/fram,  a  perennial  climbing  shrub. 
The  unri)N-  Ijcrriiw,  dritil  for  rx'venil  iliiys  aittT  bi-ini^  pieknl,  are  known 
as  Black  I'epjwr.  The  rijK-iie"l  berries,  dried  and  ilecorticiited,  are 
km>M'n  as  White  lV|t|R'r.  In  llie  jwiwdcifd  tbrni,  in  which  they  an- 
retailed  most  commonly,  both  are  adultL-rated  very  extensively  with 
suhfllanei!*  of  a  ImrinlcMK  naUiiv.  Thiwe  incliuU-  ground  .■>hipbiY-iid, 
eonuTic.il,  (iMvitmiit  shells,  riee,  biiekwli«it,  oatmeid,  mufitani  hulls, 
charcoal,  olive  stones,  and  a  variety  of  other  substances  of  little  or  no 
value,  cji[Mible  of  being  rcdtiixtl  to  powder. 

The  simplesi  method  of  determining  the  purity  of  this  or  any  other 
form  of  s|ii('i-  is  to  rtHluce  a  -■'pe(!inien  nf  the  gi-iiuine  ungrtinnd  siih- 
*tnnee  to  powdcn-d  form  and  study  its  appearance  under  the  mieroseO]je, 
nod  then  to  ivimjuu-e  it  with  the  sanipti-  in  ijucsrion.  if'jiioU  kind  ]ijl->  its 
cliarsirti-rislic  :ip|iwir;nKS.',  and  so  with  a  Httlo  practice  one  is  enabled  to 
iletermtue  very  quickly  the  fjuestion  of  purity.  Ily  a  similar  study  of 
tlie  microHCipic  aiipeanmecs  of  the  wuinion  adulterants,  these  may 
rcjulily  be  identified  iu  the  mixture.  The  chemical  analysis  is  intricate 
and  tedious,  and  not  always  conclusive 
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Waves  are  the  flowor  buds  of  Eut/min  mi^nphnH'ttn ,  picked  while 
ntl  and  dried  in  the  sun.  They  contain  about  Iti  per  ci'ut.  of  volatile 
oil,  eiL-ily  n>moved  and  of  c<iiisi<lendilc  vuhic.  In  the  jKiwdcri'il  form, 
cIovCm  are  adulterated  commonly  with  allspice,  clove  Rtemo,  spent 
cloves,  cocoanut  shells,  and  other  worthless  matter.  The  pnx-nw  of 
spent  elo\'(^  cam  Iw  dctvrinincd  only  by  estimation  t)f  tlie  amount  of 
volatile  oil  present.     Clove  stems  show  micrnsa>picaUy  a  ver>'  large 
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proportion  of  tie  so-cali«I  stone  cells.     Otlier  subntanoea  are  detected 
m  tJie  maimer  describwl  under  P(*|>]»er. 

CINNAMON  AND  CASSIA. 

Cinniimon  i»  tlif!  inner  burk  of  Cwuamomnvi  tri/lanirum.  Cassia  is 
the  biirk  of  several  fq>e<;ien  of  i'in7Uunoiitum.  In  thi'  nii^roiiiiil  ."twlp, 
cinnniiKiu  is  tliiii  iiiul  (iditutv ;  i.«i!^»in  i«  tliifk  and  eomparatively 
coarBC.  Cinnamon  is  the  richer  iu  volatile  oil,  and  for  tliis  n-a>oii  mid 
liMuiiiM-  it  Is  fonnd  muirh  ]f!»  ubiiiiditntly,  U  eunsidenibly  m<»re  expen- 
Bive  than  mssiu.  (Jroiuid  ctDnamon  is  practically  never  tbund  in  the 
rket,  tin-  Bnlwlance  si)ld  under  tlmt  niimc  Ix-itif;  ulriiost  iuvjiriahly 
'CMftMa.  The  (^iiuiiun  iiilultcrant^  of  cassia  include  groujid  sbipbretid, 
DUt  shells,  and  cedar  sawdust. 


ALLSPICE  OB  PIMENTO. 

Allitpice  i«  the  dried  unripe  bcrrits  of  PinmiUt  nffiAnulw.  Although 
one  of  the  ch«npci^t  of  spices,  it  is  adulterated  extensively  with  ground 
hhiplfreiid,  charcoal,  nut  nhells,  olove  stenis,  mid  rnu^Uird  hulls. 

omaEB. 

Ginger  is  the  rhizome  of  Zhiythci-  ojlicliuiff.  It  i»  one  of  the  nnwt 
cummouly  adulterated  of  cfindintents.  The  substances  used  include 
ground  shipbread,  rice,  tnuslitrd  bulls,  cuyenui',  lunnerie,  curnuiwil, 
dovi*  8tcuL-<,  and  exhausted  ginger  fmni  the  manufacture  of  the  tincture. 
It  is  vety  rich  in  starch,  which  is  diirert:ntiatt.-d  iiufily  from  other 
ittarchci*. 

NUTMEG. 

NnlTiicB  is  the  inner  kernel  of  the  fruit  of  Myriidicn  fratpKing.  It  is 
not  cfjmmouly  sulil  in  the  |Kiw(icr(il  ct>itditiun,  but  when  wi  miIcI  in 
^avTuWy  adulterated  with  the  substances  used  as  admixtures  of  other 
q)ico«. 

HAOE. 

Ma<M?  is  the  dried  membranKMK  cuvering,  ihc  arillode,  of  the  nutmt^. 
It  ia  adulterated  with  wild  mace,  cwrumeiil,  and  other  cheap  materials. 

CAYENNE  PEPPEE. 

Ciiyciine  is  not  ft  true  pf|HK'r,  but  the  jKiwderMl  iiods  of  sevei^ 
specief"  of  Cujfk-nm,  iiidnding  C  iiniinum  nmi  ('.  fniiHt/itifum.  Its 
ii]ipeiii"Miit'  imder  the  niicmscope  is  very  characteristic.  Tlic  t»jnminn- 
est  udultvnuit  is  eimimcal.  Anion);  otlicrs  are  rice,  mustard  hulls, 
tunneri<7,  and  ground  sbijibi-ead. 

BAKINO  POWDERS. 

Baking  powders,  like  condiments,  are  in  no  sense  (bods,  but  bcinR 
employed  iu  the  preimmtion  of  brrad,  in  which  are  retained  the  uld- 
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iDate  products  of  the   reactions  of  their  component  parts  upon  each 

Wher,  they  are  of  hygienic  interest.     They  are  employed  for  the  produc- 

tioD,  within  a  short  time,  of  a  result  which,  when  caused  hy  the  action 

of  reast,  is  only  slowly  brought  about ;  namely,  the  leavening  of  bread. 

Vast  produoeH  the  leavening  gas,  carbon  dioxide,  through  slow  fermenta- 

tioD  of  a  part  of  the  carbohydrates ;    while  with  the  use  of  baking 

povdern,  this  gas  is  disengaged  as  a  result  of  chemical  action  of  one  of 

die  coastituente  upon  another  in  the  presence  of  moisture,  and  chemical 

ral«tances  foreign  to  yeast-leavened  bre^d  are  lefl  oa  a  residuum  in  the 

Imad.     Whether  this  residuum  is  objectionable  on  the  score  of  its  in- 

floeDce  upon  the  system,  depends  upon  the  nature  of  the  ingredients  of 

the  powder ;  but  aside  from  the  question  of  disadvantage  or  inferiority 

m  this  account,  it  is  a  fact,  generally  acknowledged,  that  bread  made 

vith  baking  powder  is  lacking  in  a  certain  agreeable  flavor  developed 

by  the  action  of  yeast. 

Baking  powders  are  combinations  of  an  acid  or  acid  salt  with 
sodium  bicarbonate  in  about  the  proper  proportions  for  chemical  union, 
together  with  an  amount  of  starch  guflicient  to  keep  the  ingredients  in 
a  dry  state,  and  hence  mutually  inactive.  When  the  combination  is 
introduced  directly  into  the  flour,  and  water  is  added  to  make  the  dough, 
the  reaction  occurs  and  carbon  dioxide  is  set  free.  They  are  known, 
Mcording  to  the  nature  of  the  acid  salt,  as  tartrate,  phosphate,  and  alum 
powders.  Tartrate  powders  are  made  usually  with  "  cream  of  tartar  " 
(potassium  bitartrate),  but  occasionally  with  tartaric  acid,  which  is  not 
only  more  expensive,  but  is  objectionable  from  a  practical  standpoint 
on  iccount  of  its  readier  solubility,  which  causes  a  too  rapid  evolution 
of  gas.  The  reaction  which  occurs  between  potassium  bitartrate  and 
Bodiom  bicarbonate  has,  as  results,  carbon  dioxide,  water,  and  potas- 
«inm  sodium  tartrate,  or  "  Rochelle  salt"  ;  as  follows  : 

KHC4H«0.+ NaHOO,=KSaC,H,0,+CO»+ H,0. 

^K  commercial  advocates  of  other  kinds  of  powders  dwelt  upon  the 
nudes irability  of  aperient  substances  in  bread,  but  the  residuum  of 
Rocbelle  salt  in  the  amount  of  bread  which  one  could  eat  in  a  day 
*oald  be  very  much  under  the  minimum  dose  from  which  any  results 
*«ld  be  expected, 

Crtam  of  tartar,  as  retailed,  is  adulterated  verj' commonly  with  gyp- 

■om,  chalk,  alum,  and  starch  ;  but  as  furnished  to  the  manufacturer  by 

*he  ri-finers,  it  contains  but  a  very  small  [lercentage  of  a  normal  ini- 

pirity,  tartrate  of  calcium.     The  usual  chemical  tests  and  microscopic 

*Uoiination  reveal  fraudulent  adulteration  very  (]uifkly.     OochI  ^iwci- 

"ens  contain  at  least   94  per  cent,  of  bitartrate ;  mid  2  dccignims, 

I  WMolved  in  hot  water  and  titrated  with  docinornml  stwlinm  hydrate, 

^ain  for  complete  neutralization  not  less  than  10  n()r  more  than  10,6 

•-   The  presence  of  a  small  amount  of  tartrate  <>f  calcium  is  of  no 

•nitary  bnportanoe  whatever,  statements  to  the  contrary  in  advertising 

Mt(«r  notwithstanding. 

IV  phosphate  powders  are  made  witli  acid  phosphate  of  calcium. 
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whidi  coiitaiii.s  onliiinrily  more  or  It^m  sniphatr  a»  n  natural  imporii 
Thv  reuction  witb  Hotliuni  bicurbonato  is  ex|>ruKsed  ae  fuUovnt : 

tiiH^tl-O,), tZSiHC-O, -  UHIt>.  +  Kn^lV,-*- SCO,  -  Mfi. 

There   is  no  vrcll-grountlt^   objtyrtion    to   tlie    iise   ut'  l]ii^   dass  a 
povfderB. 

Alum  imwders  are  made  usually  wltli  Rtida  nltim  and  a  ven-  lur£t| 
umoiiiit,  1Vi'(|uciHly  .-i-N  liiub  jw  50  ]ht  tvnt..  iil'  ftarcb  "  filliiit;,"  Tluiri 
leavening  |H)WGr  U  ulnioi-t  iiiviiriiilily  far  Mim  llint  of  tiiirali.-  uikI 
|ili<i»|)liiiU-  iMiwdcrM  <ir  gdoil  <|tiiiruy.  'i'lic  cIiwijh'hI  rUuv  iif  jKiwilfW,] 
Uio  silf  iif  wbic'b  is  promwltd  by  girt**  nr  "  |iremiiini*"  of  din 
ortvkitry  and  glas-s  are  made  uitli  nliiiti  mid  the  tnaxiiuuiii  amount  ( 
tilling.  Tbf  nttctiun  b<<twvcu  alum  und  liudium  bimrboiintv 
oxpiviiwed  iu-<  fitilows : 

N(.,AI.(«(>,).-t  fiSJKt),=  AlAn,  +  4Jf»^,  +  «0Ctf 

Whether  the  alum  exert«  aoy  injurious  effect  u|M>n  tlie  braid  It^ 
u»d  wh<!tl)er  tbft  ivsultiiig  bydrali'  or  uuy  cxoctw  of  alum  biw  niiy  nwi- 
tan-  iiii]M>rtaucc,  HIV  questions  wbii'h  liiivi'  Ixi'ii  the  wubjtvt  of  i-xlwisifl 
«inm)vem".  Without  n-]iri>dn<-iiig  the  urgnmiiitn  utnl  <rliiiiii>  of  l-ilh 
i<i(k?,  it  should  Iif  Kiiid  thai  tlic  weight  ')f  scientific  I'videnw  h  dd'iiW.t 
aguiut<t  the  euiploymeul  of  alum  in  tlic  making  of  bnaul.  Simc  u( 
those  who  Ix'licvo  alumina  to  lic  tiiiniiU-Hs  in  tlie  auuiunts  ooimiimn 
rcgnnl  jKJwders  coiitaining  Iwilh  ahiin  and  potassium  bitartnitcsHliiglily 
■  ibjeclionable,  th«  complt'tv  pnt-ipinil ion  "f  ahmiiiui  Ixinft  (inwiitrtl. 
I'owdcrw  routaining  abim  and  acid  ])hos|>hatc  are  bold  iiIm)  ti>  hv  iil'j«^ 
liotmble.  on  aw4miit  of  tlic  fornmtion  of  uluniinum  |>bot«p)ia[(^  wbi<^ 
siippot*d  to  inhibit  gastric  difp^slion. 

Id  ii4)dttion  to  xtHlitiin  1)i)-arl)oiuit<>,  aiiimouituii  <^irl)onflle  if  UN 
more  or  ]i*s  as  a  soui-cc  "f  leavening  j;ii«.  While  llii"  iigcnt  wi« 
administered  thcrapeutienlty  may  exert  a  marked  tempuraiy  infliu'iif* 
the  amount  used  in  baking  powdura  ia  tuo  numll  to  be  hurtful  ttit^ 
ini'Httm. 

'Dk-  amount  of  Hturch  lilting  unod  ii>  making  tmking  [Kiwil^rs  is  <rff 
variable.  The  best  gnide-i  rontain  r«in)fidcrabiy  under  2*^'  \kt  ttnl. 
and  anything  over  that  amount  may  riglitly  he  regarded  as  in  ui 
iiultin.-  of  UutUH.'PAsar}*  and  fniuduleut  dilution. 

SectioB  7.     FOOD   PRESERVATION. 

Fo»xl!»  of  n  perUtiahlc  nature  arc  pn-ser*-ed  in  many  iliflTerent  vtf 
but  not  all  melhwls  are  r<]Uttlly  applicable  to  all  foodf.  Thus,  fntfU 
and  salting,  white  well  suited  to  meats  and  fish,  can  itardly  U-  employi 
witb  fniit  and  vep.>tal>lc--< ;  and  pni^Tvatiim  in  iMlgnr  .■<ynip,  whiir  «'| 
iidapted  to  fruits,  is  not  sniltM  to  meats.  Tlie  metho<ls  in  general  ■> 
include  the  employineiit  of  low  1)-m|H^nilurv«i,  dciticontion,  tallil 
smoking,  <»iinit^,  and  eltendcut  iniitmcnt. 
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Cold. — For  the  bowt  results  of  preservation  by  (wUI  it  is  rot  always 
Cutii'Dtiiil  itiitt  till-  t'nixl  .-liiill  \m-  I'ntKfii ;  l>iit  unli-ss  tlip  tomjMTntiirc  to 
wliicli  it  is  exfwjswl  is  near  or  below  tbe  rrwKiiig-poiiit,  the  iiitluent*  is 
only  (<iniporary.  Packing  in  ice  serves  very  well  for  short  peridds  to 
»hip  mciits  !in(l  (Isli  lliroiinh  long  <Iis(Hmv-<,  tiiul  In  kwp  tliiFii  in  sntis- 
faclorv  oondiliou  tor  rea^ioiiable  periotis  in  the  homes  of  the  consiimeni.' 
Tlien-  lire  ?^'vcnil  nii.'thoil.->  nf  ii)i|ilviii){  c'olil  on  a  large  M'aV-  Id  eolil- 
Stomge  warehouses,  ocean  steamers,  iirid  public  mnrkets,  the  principal 
one  iK-inj;  known  n.^  the  itnimonia  prr>ces»,  by  means  of  which  any 
desired  lciii])enitnre  down  to  0°  F,  may  he  obtaine<I  with  bnl  slight 
fluetnatinn,  proviiltil  the  walls,  floor,  and  roof  f^f  the  !*|WPt>  tiocupied 
arc  rendered  non-roinhii;tinjj  by  linir-lV-It,  !iir  s|iiur.H.  .iiid  olhi-r  mi^ins. 
Meiit."^  aiul  fifih  3JV  preservwl  indefinitely  and  withont  deleriorntion  when 
froKcn,  hut  «)i(.inld  not  bL-  nllowe<l  tn  tiiaw  and  fn^-xi- ;  <^^  and  fmitH 
may  be  kejit  many  months  in  drj-  air  at  just  above  the  fret'zing-|K>iiit. 

The  ailvant;igtw  of  iiild  ils  a  prtwrving  agi'iit  an-  rhut,  unlike  iiiiy 
other,  it  involves  neither  the  abstnietion  of  any  constituent  of  the  f<vid 
nor  the  addition  of  any  fon-ign  mattt-r ;  it  neither  iniiwrt.-*  a  new  ta.*!* 
Diir  alters  the  natund  flavor ;  it  causes  neither  ii  lows  of  nutriment  nor 
dimini»lie<l  digi-iilibility ;  and  on  the  wilhilntwal  of  its  influence  the 
malcriai  i'i  Ir-fl  in  its  ori<;inal  oonditinn.  It  shoiilil  Ih-  said,  liowever, 
that  after  restoration  to  the  natural  condition,  the  keeping  qualities 
sp|H-ar  to  W  sonirwluit  im|Kiir(il,  and  in  con.'^e'pieni'e  the  ninterial 
«honhl  be  used  within  a  shorter  time  than  Is  the  cfiso  with  similar  fi-esh 
finnl  ibaf  has  not  been  froaien. 

Drying. — Driing  is  ellicient  aee«rding  to  the  thoroughness  of  the 
proei'H'i.  Tile  methoil  is  not  wo  well  aiiiipti-d  to  nu'iitn  n«  to  vegetublcj', 
sitiw  it  leads  to  more  or  less  loss  of  the  uatiiml  flavors,  which  ai-e  likely 
to  1k!  replaecil  by  others  li-.-u*  ngreenbli-  in  charnetiT.  I>ri<'d  niiitt^  arc, 
inoi-oivcr,  considenthly  less  dipestiblc  than  fresh  oietits.  M'fien  thor- 
oughly drinl  and  i>roperIy  .-tored,  both  meiitn  and  vegetable  priHliiet!* 
can  lie  kept  without  limit  of  time.  Drying  dws  not  insure  safety 
against  parasites. 

Saltiiiff. —  III  tlw  proecw  of  witting,  the  rtolnblc  orgnnic  constituents 
of  meat  and  fish  are  removed  in  large  port,  and  the  fibers  Inrome 
hardenetl.  The  nutritive  value  and  digi'stihillly,  tlii-i-i'r<>n>,  .-ire  dinun- 
idlii-ii  eiirTtwpondingly,  Brine  salting  of  fish  18  one  of  (he  oldest  proc- 
esses of  preservation  known. 

Smokinj^. — .Snii)king  ciuwistis  in  exposing  the  meat  or  fish  to  the 
iii-tion  of  the  smoke  of  woixl  fires  after,  as  a  rule,  a  preliminary  .bill- 
ing. The  ex](iisitl  rnatenul,  alreadv  depnviil  of  part,  of  its  natural 
nioiiiliire,  becomes  drietl  still  farther,  and  is  partly  jwiietrated  by  aeetie 
iieid,  creosote,  and  other  pn---«ervative  eli-nii-nl.'«  of  Kmoke.  In  the 
i^niek  smoking  proi-ess,  the  meat  is  bnisheil  over  with  or  dipped  into 
pymlit;neous  aeid  at  liefinile  inlervaU,  and  finally  dried  in  the  air. 

Oanniogf. — In  l  Sll  l,  M.  Apjiert,  of  I'aris,  ilisri.ivenfl  that  mcjits  and 
other  f'lods  in  smletl  vessels  would  keep  indefinitely,  if,  after  lieiuff 
sealed,   they   were  kept  for  nn  licuir  in  boiling  water.     In   ISIO,  he 
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intrmliiodl  t\w  ni«tli<Kl  of  wnlii^  the  veseei  alter  l\w  lirating 
Iiiin  tirivfii  our  llif  air  iirnl  n-plmx-*!  it  with  mUviii,  -"h  itml  vfhon  (wnli 
a  vacuum  is  formed.     At  tlic  present  titDe,  the  chief  mftlmd  foIloHtdj 
in  td  ]Hii-k  tliu  <3i>i«i  full  unci  vloitv  tbcm  complWvly,  vxcvptiiig  a 
hole,  tliuu  tti  subject  them  tu  the   teinpc-nitiin-  of   lM>ilin|;  va\ei,  uri 
lii^her,  and  to  ohino  tho  hoh>  vritli  .solder.     Tlii-y  are  then  nlteaitdi 
liiially  idlowcil  to  vaxA. 

Miieh  has  heen  sai<]  for  aiid  a^ioet  this  method  of  pr««en'ing  fiK>lKj 
Tlie  diicf  oljj(.t!tion)»  huvi-  txrn  itiHt  tin'  tnituml  nvi(L>  of  ihr  fuNli  najl 
oirrode  the  inner  suifnce  of  the  cuns  und  form  mi-tiillic  :=idtfi,  atid  ihitl 
terut!  plittc.-i,  ilmt  i.«  to  nay,  ■■•hfi.-t  irttn  or  .ittvl  txutttl  with  an  altt»  ••(  i 
two  parte  of  lead  to  one  of  tin,  may  l)f  used  innle-jd  of  the  bt-j-t  (jiiulityj 
of  tin  plates.  As  to  the  lattt-r  olijoction,  while  there  i.i  in  thi.-<  oauali^l 
no  Icgul  rt^ric'tioii  as  tu  the  chamct4.T  of  the  tin  eniployedf  it  i»  a  bd 
that  tcme  plates  are  nev«r  u.-*ctl.  With  regard  to  the  |»o)isilulit>-  /I 
eorro:*ion  of  the  nidjdlir  isiiHaec,  it  muft  he  udmitlc^l  tluil  not  ><iiK  i 
very  acid  foiMls,  but  even  tluw-  whieh  are  neutral  and  even  aikaliiir  in| 
niM'tion,  iilmo.st  invariably  will  yield  truni*  of  tin  ;  hut  then:  is,  all 
same  time,  absolutely  no  evidence  that  the  smalt  ammint  piwent  in  i 
entire  omtent*  of  n  nin  in  m{Kil)U'  of  I'lmMiij;  Hii*  slifjlirixt  injury. 

There  are,  it  is  true,  inimerrKis  c-.tsi-"  of  iK)iK)nin|;  n(K>rtcil  an  Jnel 
metallic  contamination  of  nmni'd  I'ihxI.*,  but   n<it  om-  of  thiw  *b)di| 
Iiav«  (iillen  unik-r  the  view  of  the  author  will  stand  tlic  Ii'«t  of  ndn 
eion  of  other  ]>ossJble  and  more  pn)l«ihle  causes.     Of  the  small  nniciiinW 
of  tin   found   in  eann^^nl  fooiU,  I'rofeiwor  Atttield  wiys   thai  llifj' 
undeserving  of  serious  notire,  an<l  lie  questions  thai  they  nepre-xiit  ih 
iimonnln'pil.trly  worn  off  of  tin  ?«aav[Kin»  and  kellh^.       KuriWini'rti] 
it  is  the  nearly  unanimous  opinion  of  u-riters  uf  works  on  tovii'oli 
that  the  otdy  con))HtuudH  of  tin  iliat  are  in  any  way  poisonous  an 
chioridw,  and  even  these  are  ignonxl  eompk-tely  by  m^wl  of  tlw  \ttiA 
ii^^  authorities. 

On  llie  other  hand,  there  i»  no  limit  to  the  Ufstimony  n-pinlin);  Hif^ 
very  grrot  value  of  canned  foods,  esi»e<'ially  iu  miHtan-oiwniiimii'oui 
large  nchIc,  and  in  expHlitioiiH  of  vitrimts  kiiidtt  away  from  market  < 
tres  and  other  sources  of  sitpply.     Lieiitcuunt  (im-ly,  IV.  NanKrii,) 
otlier  Aiiile  exj)hm'm  aiv  niuinimous  in  tJieir  praise.     Gpeely.  f'T  »»5 
ample,  says :  '*  No  illnes*  of  any  kind  wenrrcd  prior  to  Mir  rt-(iv«i,  on 
those  most  ii»elined  tti  eanntxl  fntits  and  vegetables  wore  the  l(i«li 
nn<l  Htronpvt  of  the  party."     Lord  \VoI*eley,  in  siKtakingof  tlKOft 
fulness  iu  hot  clinuite!<,  oys  that  "  tinned  provisions,  meat  of  ^'c^lal■l< 
put  up  se[KiniU-ly  or  combined  in  the  fonn  of  soiiju,  an-  practk'ally  i 
onmMgenhlc  by  any  elimalic  heai  "  pntvided  tlie^'  are  of  tlH-  Ixvt  cjiuJi^ 
and  have  been  properly  eiH>ked  and  eiielowil  in  perfectly  sound  aill 
tijflu  tins.     "  Given  ihi-w  <NitMlitions,  nothing  ean  bo  in<^rr  admirab' 
failing  them,  nothinj;  more  deleterious."      In  military  o|terations  in  I 
tmpics.  wliere  l>eef  rattle  esmnot  \m-  taken  ahmg  on  the  hoof  and  i 
frij^'r.iui)  Itcef  cannot    )>e   trart.-<|)>irti-d  overland  OD  account  of 
(I«^u^l]>usition,  canni'd  meats  are  indispensable. 
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How  long  properly  canned  fnocia  will  remaiu  in  good  Rtiiulitioii,  am 
hardly  Ih'  dL-U-nniiui),  hut  tlic  cviilcncc  iit  liitiul  |Hiii)is  tn  indvliiiUo 
IwservatioEi,  In  18^4,  according  In  Lcthcby,  a  number  of*  tins  of 
iniittoii  wciv  mirt  ftflliiin'  fntni  thi-  wnvli  of  a  shi]!  at  Priwce's  Inlet ; 
ciiK^ht  yeiiif  later,  ttii^'  were  fonnil  by  Sii-  Ji.Iiii  Russ,  ami  (Iioki-  wiiich 
he  opencil  wfiv  in  gmwl  eondition,  aitlioiigh  exjMised  during  this  time 
to  alternate  frcexing  and  ttmwinji.  Sixlcen  ymrw  iifli-i'Wiii-il,  tlk-y  iifriiin 
wcro  found  bv  men  from  the  ship  liwcullgalor ;  and  in  iJ^tJs,  forty-four 
yciirs  from  the  time  rhcy  wi-n'  cast  awliore,  tlio  rcnmining  tin.-,  oiN-iu'd 
by  liCtheby,  weif  found  to  be  in  a  [HTfeetly  xonnd  *UHe,  Tyndall  ^ 
iuake»i  menliiin  of  tins  in  the  Royal  Inslilutton  that  had  remain*^  ia 
good  condition  sixty-three  y«in«. 

Prfifcssor  A.  H.  ('hcster,  of  Hamilton  Colle^,  relates  that  in  the 
summer  of  187-5  be  hid  a  nnrnlxT-  of  cans  of  oorncd  ivif  iiikIit  ii 
Ntnui))  in  woods  in  the  northern  [wri  of  Minnesota,  and  live  yesirt-  later 
found  them  to  Ik-  |icrfectly  swecl,  ultiioiigh  tlicy  bad  Ihco  cx|k>.-(-<1  to 
the  heat  and  cold  of  live  sueeei^>iive  summers  and  wiut^rm.  Again,  a. 
iinmlK>r  of  nmn  of  meal  and  fruit,  washetl  into  the  (JeneB(*ee  River  in 
lUBo,  were  dug  out  of  the  mud  sixteen  years  later,  and  found  to  ha 
unHlUriHl. 

It  ie  an  unfortunate  fact  that  the  cupidity  of  >iomc  of  our  lar^ct 
poeking-bousat   has   Iwl  to  the  canning  of  what  is  praitiealiy  rdiLso 
niciit,  fn>m    which    the  iimstilneiit;*   to  wliicli   the  de-si  nil  ilc  flavor*  are 
dne  have  bi-cn  extractedj  and  that  in  conwxjueneo  the  public  mind  has 
largely  Ix'wune  imbued  with  a  pr*;]n<lifc  against  canniil  tocatx  in  geu- 
eral.     Itnt  it  is  not  alone  in  tbiH  countrf  that  canned  meaiit  are  some- 
times not  what  they  pur|»ort  tu  be.     It  \*  n'lalcd   that  in   Kmnce,  in 
ilS99,  a    |Kicfcer  of  meats  wiw   sentenced    to    )«iy  a    fine   and   to  serve 
^^ht  iiionths  in  pri,<oii  for  putting  up'ni  the  market  an  ininiciiHc  amount 
■jTvfiiinned  game  and   poulln',  all  of  which   bud  been   made  from  the 
Hesh  of  brokcn-ilown  cab  horses. 

Ohemical  Treatment. — (.'bcniiisil  prew-rvativw*  ure  eubstances  or 
condiinations  added  to  fornix  with  the  object  of  dolaving  or  jire^-i'nting ' 
llu'ir  iliiiinijM.Milion.  Tbcv  uiv  use*)  on  tin-  assuriipMnn  that,  whilv^ 
tliey  accomplish  the  desirwl  object,  they  an?  inca|)able  of  exerting  any 
harmful  intlncnci-  upon  the  n)'.-<Lein  of  tlic  consumer — an  »s.sumplioi> 
llmt  liiis  not  been  demonstratetl  ai^  bused  on  sound  reusuning.  It  k 
aswtuui'd  that  bad  i^tfiiru  eaimot  be  eau.seil,  iR-eanse  thty  an-  not  niuni- 
fe.st<Mi  111  unci"  lifter  tile  ingestion  of  snmll  doses  bv  jjeivons  in  gixtd 
Uumllh  ;  but  ihLs  is  no  pi-oof  that  continued  up«  mav  not  result  in  serioux 
rtoniiblc  which  miiv  lie  n-ti'mi!  li>  some  other  jm^sibk-  ninse. 

It  is  said  that  (be  prejHiratiotis  employed  are  in  common  nse  as 
voloable  ri-iiiiili(->  in  ihc  tivatment  of  the  ^ieb  ;  but  it  .-diould  In-  taken 
inio  coiHidcnition  that,  when  n.-icd  as  reineili4'S  in  morbid  eojiditioiis, 
they  are  given  for  only  n  limite<i  time,  tor  the  purpose  of  connteriU'liiig 
abnormal  influences,  and  tluit  the  duses  are  regiihit**)!  ejirefullv  uiicKt 
proper  professional  supervision.  Tlieir  action  In  con<litiotis  of  beiiltb 
■  Fitting  Mnlt«n  in  llie  '\ir.  New  York,  1«<3,  p.  ViH. 
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and  diiieaiic  iiinj-  he  vm-  (lifliix'nt ;  but  wbctliir  k»  or  not,  oik-  niii  finJ 
no  «x<.iiw  for  th«  in^;v»ti<Mi  of  curative  rciiicdiu)  by  u  pen^oD  in  » 
Mate  of  heulth,  whu^^e  iivhImu  oecds  no  Hiurh  nid,  for  iiuli-litiitc  {«.'riixl» 
unit  with  11"  i\'j;iilfiti<jii  i>f  the  ciw  of  tlu'  <!'»'(■.  Suliolic  acid,  l'«r 
example,  is  a  remwly  holtliii^  »  liij;h  jKisition  iu  the  treatment  of  rlnii- 
iiiatiNiii,  but  iiA  viilue  in  tlit.H  (^itiditiuii  is  do  vuli'l  vxctiit-  for  iu  mtmiii' 
i<itniti<>ii  «lay  in  imd  duv  out  (u  thoM*  who  never  have  felt  the  twinjEv 
and  ]iaiii  of  this  (li.-rafie.  Ii  i^  much  moiv  raiM>iuib1v  K>  iissutnr  ibl 
driifpi  whicli  vxvrl  a  [lowcrful  i»(hn-iKT  for  piml  in  nutrtwl  Flalcpwi 
exert  an  equal  lU^n^w  of  influence  fur  hann  in  iintilitioiii<  of  limlri. 
Miirco\'(T,  it  in  to  In-  tMiiisitk-ix-"!  llmt  tlw  obji^'t  of  i-lu-iiiieal  trt-JliiKiil 
of  foodH  ii^  not  to  iK'tieflt  ihv  uiieoiieciouE  w>nsutiier,  but  to  hrin^  iIk 
Inrga-i  jMLiaiblc  finiinml  n-tnrri  to  tlic  iiuiuiiliK'tnrer  iukI  |itirvry<ir,  l<i 
wltoni  tbi-  buiItU  of  till?  i-i>tisnn)cr  niiiy  tw  a  nmlter  of  little  i'<ijiivnj, 
In  all  f;urn<»>  to  the  oontiiinier,  (?hi-niit3il!y  ]mscr\'wl  f<HML>  nhoiiH  kso 
lubcUeil  (but  the  jiui'diiL-^^'r  niuy  In-  intbmml  of  (bu  iiiiliiiv  »ud  amuiiul  of 
the  atlded  liubfitniioe,  m>  that  lho«ie  who  object  to  the  dielelicii^of  Jmj;* 
niny  not  have  the  sunn-  font-d  Mjion  thcU)  wilhimt  tlieir  know  tit );!(', 

The  mldition  of  |>i-eei'rva(ivrw  to  footk  <ifltreci  for  side  is  foH>i<l<]ra  in 
abnont  all  livili/itl  eoiuilrii^si, uinl  M-vrnil }n)vern«n-iiL->  biivi- iiiiuii^l bn> 
(•IHviiilly  diivi-tc-il  ii^iiiiKt  individual  dnipi.  Thuf>,  France  anau*  ImW 
acid,  bomx,  Milleylio  acid,  and  (Mxlitini  l)i.-<id])bite ;  AuMm  niinus  nli- 
cylie  «fid  ;  (icrniuny  [>robiI>it>  all  jinti-H^'|it!<-)',  and  fj^iHTiidly  IwinV  trid 
and  bomtc!*,  and  inii>o-*i'«  addiiionnl  |wi)altit-r<  for  ibe  mJc  of  ilitinioiilj' 
jirvservcti  f<MKif  lo  the  navy.  Ma.-NU'hust'tl--  pnihiliitf  all  j»rwtT»'ali"* 
except  salt,  suptr,  niter,  vint^ir,  and  alcohol,  unlu^  the  jinpcbasT  i« 
infomiocl  nf  the  nature  of  the  ^ub^tjiuec  ummI.  In  milk,  all  jinsrm- 
tivi-d  whatwKver  an-  probibitcil  untimditiotiidly. 

The  -flilwtam*)*  uwd  aa  chemical  preservativiw  biebule  Uiric  too 
niwl  borax,  finlieylie  neid,  fnljilnmnis  atiil,  siiliibitct  and  culiiluW^ 
benRoio  acid,  Ibrmaldeliyde,  bydnijrcn  pcruxide,  sodium  fluoride, »« 
Otherit  of  minor  importance.  Many  of  (he  ennmiercial  pn'iKimtina*  in 
common  uw  arc  <v>mbtnations  of  two  or  more  of  thcw-  and  otlwraik* 
Btances.  Thuf,  Veiixke  awl  Sw-Iiorer '  n']M)rt  the  in^n^lii'iit.'<  of  ."tS  m«l 
pre«r\litive^.  annlymil  by  thcin.  iw  follows  :  Salt,  euf^ir,  and  wiltfelrti 
(1);  mlt  and  sodium  sulphite  and  sniphate  (4);  twdium  ^idpliilv  W 
MilphHte(4);  the  Mmie,  pbia  nupir  and  ><idl(1);  mlt  iind  KKrunnbi' 
(flrlwnate  and  nitrate  (1);  silt.  Iwrie  acid,  ^lljteler,  and  sodium  ^' 
pluite  (:t) ;  •»](,  Imric  acid,  and  MNlinm  ;>nlpliatc  (1 ) ;  Ndt,  lK>ri<.-  U'i'l 
g^'{V•unl,  anil  s'Mlinni  Kidptiate  (1  | :  Nilt  and  bi>ric  acid  (t>) ;  Hilt,  mIv 
peter,  oodium  and  calcium  ^uljihatos,  and  coi-liinittl  (I)  ;  mlt  and  b»n! 
(1) ;  m]|,  borax,  and  Milt|iet(>r  (2) ;  Nidt,  Iximx,  and  wxlium  nitrate  (t) 
talU  iNirax,  sodinnt  and  ndcinni  Aulphntof,  and  nalicylic  acid  (1) ;  bod 
and  stiptr  (2),     The  rftst  eonsiitwl  of  single  RutjAtanets. 

A  hiip"  pru|K)rtion  of  24  meat  pre«r\-ativof vxaminwl  by  K&niiDet 

were  found  to  be  mixtures  of  borax  and  bone  neid,  and  bomx  and 

dium  snlpbite ;  31  oth^-rs  exanuncd  by  Kionka  weiv,  ao  a  nde,  sottiv 

<  DeuUrfao  FtciKbmciliM|b  I89»,  \X1.,  No.  iO,  SI.  aMi  U. 
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«u]j)liiu>  Hint  Hill phat^^,  but  I -I  liquid  pivjKiralions  mn.«iH(«l  rliicfly  of 
calcium  sulphite  aad  sulphato,  axn\  •unVinm  ^ulphit^,  bil^ulphiu>,  iiii<l  I'ul- 
pliatc  Kirchmaier  lias  re|Mirii*l  oiu'  sls  oimsisiing  of  salicjlio  in-id 
and  Modiuui  i>alioylal('  iiud  plin^pluilc.  I'ulctiskc  fouuil  Ixiric  iidd 
(iibiiut  BO  (>er  f*nl,),  s;dt|>oi<T  (alioiit  12—14  ])er  rent.),  siipir,  m\i,  and 
imdium  salicvliiii'  (jilimii  7.'>0  |ht  wiU.)  in  ti  r-jn'ciriHii  ol'  sjiiwifjf  .*:ilt, 
anil  in  a  immlipr  nf  other  preparations  sold  under  fancy  names.  Of  7 
othor  meat  pn:wrviitiv<»  (■XHiiitucd  l>v  him,'  one  oniktiiKil  wilt,  rsoiliiiiTi 
sulphite  and  sulphate,  irun  rhiuride,  and  vanilHu,  und  the  rest  were 

0<.itlll>iiutti<)lis  iilR'Jldv  doMTllKHl. 

A.  C.  Chapman'  has  reixuiwi  a  most  i-xtraordiiiary  t'oiiibiuiitiuu  of 
aliimiiiiiai  Milplmti',  .-^It,  widiuin  nitrate,  bcn»iic  acid,  iixlie  acid,  aiil- 
phuroiifi  aiitl,  and  chloral, 

Ani>tlii-r,  I'xamimil  by  Tollner,  proved  to  be  ammoutum  broniide, 
borir  acid,  Ihhiix,  stnd  stipir.  Anot.lK'r,  known  at*  "  Mayol,"  i'"ritiiiiii.tl 
wood  alcohol,  elhvlie  alcohol,  Iwric  acid,  aiunionium  Buoridc,  and  glyc- 
erin. MciUj'  pixwrrviil  liy  nutting  of  il  are  said  to  .■Jiow  no  trnw  of 
boric  acid  or  ammonium  fluoride  beocuth  the  brown  coaling,  which 
IbnnR  ti>  a  depth  of  a  millimcler. 

In  this  country,  the  favorite  mixture  is  one  of  borax  and  boric  acid, 
and  thif  is  wild  niidcr  many  difffi-ent  names. 

Boric  Add  Mid  Borax. — These  *ub»tanix'-''  Benenilly  iiri;  iisi'd  tojfythcr, 
for  the  r*^a-on  that,  althon^'h  the  acid  lia^  [greater  power  as  an  antiseptic 
thun  llic  Halt,  tile  CM inibl nation  of  the  two  i,«  still  more  ctHcieiit.  It  i» 
used  vt'ry  largely  in  butter  to  the  extent  of  ahuut  a  tenth  of  an  ounce 
to  the  piniitil,  ami  is  dir>}ien''e<l  with  a  j^-ncniii-s  hiiird  in  oj>ter>,  darns, 
und  other  tish,  in  wmsagcs  and  other  meat  products,  and  in  milk. 

With    n^iril   to  iIk*  eflitrt.i  of  Ixiric  lu'id  and  btirax  on  the  syst<'m, 

there  i«  a  deeidcl  difference  of  opinion  among  those  who  have  inveati- 

galcfi  the  -Lihjcct,  but    it  should  Ih-  siiid  that  :i  niiniluT  of  llic  ri-port* 

fiivorahle  to  tile  use  of  these  a^cnt*.  published   bv  eomniereiiil    houses, 

8U^«st  that  the  conclusions  arrived  at  were  inspired  somewhat   by 

Anancinl  considcnilion*.     Onr  knowleiljic  of  powiihlc  ill  efftvtfi  i«  dc- 

rivci  chicliv  fi-om  the  clinical  experience  of  those  who  have  usc<l  tJie 

kdru^  internally  and  iih  wnslies  and   injections.      It.  is  a  fact  that  rnunv 

*|iaticulfi    can    lake    large   do»es    of   Iratb   sulxtances  tor  long  jieriotU 

with  no  appaivnl  harm,  hut  it  m  cqiiiilly  true  timt  onmll  doses  and 

loenl  applicatiiMis  have  t)een  a  fre<^iicnt  eiiiiw  of  serions  ami  even  fatal 

result-.      Deaths  have  Im-a  n-(iorted  from   the  use  of  o  ]H>r  cent,  folu- 

lioiis  III   washing    mit    the  pleural    cavity  and   htiiiluir  absi-e-i^es,  and 

from  washing  out  a  stomach  with   a   solution  of  half  that  strength. 

Numerous  castt<  of  troiibk^M)me  ciitaiieoiu  eruptions  nnd  of  wrions 

l|ga(>tro'into^tiiia]  disturhaueei-  following  internal  and  external  use  have 

Emen  reported  within  nirnt  years.     Pl«nt'  hiis  shown  thai  internal  use 

may  Ix-  (bllowcti  by  ucntc  tMreiichyniatou*  nephritis,  and  hi*  eoncluifiouii 

have  been  endorsed  by  the  experience  of  VM,  meationed  below. 

'  AiMlm  Biuidnnkiiucrliclicn  (ioiiinlhrilHiniic,  VIII.,  p.  666l 

>  Aiulni,  Dw.,  1^8.  *  luHii^uraJ  diwvruUcin,  WilnbiirB,  ISAlt. 


S14 


FOODS. 


In  1876,  tlie  ndinixtiire  iif  Iwnix  m  Iwltcr  was  »iiiWion«I  officially  j 
in  France;  (mt  seven  years  laiter,  a  cunimittw  nf  i«ivnti«ti>,  v,li.)  in-  I 
vi-ftiKiitHl  tlic  nuitU'r  witli  ^ni\i  ciirc,  i-onrliidiil  ilmt  i7<intioiu?<I  mp"  I 
lion  is  liltely  to  niuiie  drlerionttton  nt'  the  hVxnX  MiqiitM'liw ;  iind  vlim,  I 
niiiiiruliiil  Inlcr,  thii*  liiKliii);  W)i.>*  tdiifimiod  liy  the  iiivc^'tifpiliwtii  of  I 
Pi-nclK't,  ihc  iiH-  tif  liuni.v  wiis  |>r>ihil)ili.il  liy  ilif  j^iivoniiiicnt.  ri"!  only  I 
ill  liiiitiT,  Imt  ill  III]  iirticlfti  ol'  i\«n\.  In  18!il,the  Mibjid  ^ras  prcfralfl}  I 
by  tliL' Kcnf^iii);luii  Vtwiry  to  Sir  Aiiiin-w  (.link,  Sir  Hi'iiry  Tlmnipmn,  I 
ami  I*n>li'ssiir  I^iKl<-r  llruiiton,  who  Limcurn.'d  in  pronounrine  lioncaitd  I 
in  liir^rt'  lioKC',  or  in  >nmll  flnw's  tiiki'ii  tor  i"iij;  |M'ri<«J>,  ju'i  (laiipT'iii' fu  I 
hcnltli.  The  LimtiiI  (invcrunieiit  BoarJ,  in  |f*!ll ,  rc|Hinr<l  tlml,  mIilIi;  I 
Itirjri-  cirist-s  arc  iiiiilinilititlly  injiirioiis,  they  liiul  mit  sufficient  cvsltnir  I 
tt'  huh)  lliat  minute  uniotintfl  uddccl  tu  fixxk  van  iiHVvl  ihv  fx^lc-ni  Kuni-  I 
ftilly.  I 

-is  is  well  kiiuwn,  \ioni\  ha?  l>«-ii  iiwtl  oxtciisivcly  in  tin-  Inaini-nl  I 
of  ejtili-jisy  ami  oiJier  iIimsuhcs  uC  thi-  n<-rvouB  (ivrtem.  PniH>*<»r  H.  C.  I 
WikhI  i»tatw  tlisl,  in  lii«  fSju-riiiiiT,  ih*-  must  ninrk«l  n-siilt  Inmi  rl»  I 
use  in  tins  ilirection  was  severe  gastro-inte^linal  irritMlinn.  I>r,  Ffif'  I 
has  (rivfii  u  viilnnhU-  rqiort  uf  hii>  rt^nlts  iti  the  Lrc^tmcnl  of  Vi'l  (V«<  I 
i>(  c|>ilep(-y  hy  this  ilruR,  whieh  wafi  given  in  iH^itiniiig  <iii«(-«  df  30  I 
grains,  iii(-n>as(tl  i»i  iis  much  «.■*  5  drachms  a  day.  In  more  tliaii  ""p*  I 
vont.  of  the  cnseti,  tlie  tmittnent  h»ii  no  iK'iH'ficial  rr^iilt ;  tu  alioul  I 
20  per  cent,,  simii;  n-mjxiniry  or  doubtful  improvemeni  wii:"  ««;  I 
niKi,  in  9  per  wnU,  thorc  wiij;  di^^lincl  piiii.  Kul  lh«  n"""'  ^^*'  I 
baek  «'as  the  fre<|uenoy  of  t<ixie  efltvts  and  the  danger  <tf  jiriKlu™"?  I 
or  u|{gnivating  Kisions  of  (lie  kiilni-ys,  even  when  given  in  KmiiH  I 
dosee..  Among  the  most  common  n>siilti^  wen-  lo«»  of  iippi-lite  nuii  I 
burning  {win,  fiillowed  hy  nausea  an<l  vomiting.  Cittaneoiis  aflfvtianf  1 
were  vcrj"  common,  and  complete  bshhiuw  wa*  cutM.il  not  iiifrwjOfiiBy'B 
(Tliis  result  has  Infu  notcil  by  many  other  practitionen^)  In  ^"i"! 
MMtf,  u  cjtcht'ctic  condition,  chiinK-teriMil  hy  \vik>ting,  a  wnxy  tiiil  '"  I 
the  skin,  piiffitu-ss  of  ilie  foee,  and  even  general  onlcma,  was  oWn''^  I 
III  «  ntimher  of  ak*i»  of  gcncnil  uilcnw,  nnvinia  ileveloix-d  witlj  i-**  I 
suddenness.  I 

Dr.  Griiiu|H'h  '  has  tT>]»<irt<fl  n  ca.se  in  which  lu^dache,  imnseii,  si"!  I 
inti-n*e  drjnit^w  (if  the  i^kin  t'ollnwei!  the  u«'  of  an  injeiiion  contaiii'"S'  I 
t»ble»|>oonfnl  of  lioric  acid  to  tin-  [wnt,  Tlie  effects  disiiiiiMiircd  "ill'l 
eviisation  of  the  treatment,  but  enme  on  a^^iin  with  its  nMiew-al,  Or.  J<l 
J.  Evans  •  Ims  fi.niMl,  its  a  common  result  of  llie  ntntiniwd  us*  of  IwrMB 
acid  in  cystitis  aixl  iirelhriti«,  tin  erytln-mii  fiillow<i|  by  di-v(iiiimr\l»"''^ 
Internal  d<»K-«  of  10  to  20  grains  twice  diiily  for  five  w«^-k^  «iii'"l  i'*] 
one  instance  total  lialdiiess.  J 

Kx)M>rinH-nti>  on  man  »»d  nniranli^,  hy  Pr»>feiw>n'  Mattem.  Fori-iw,' 
Chittcntk'n,  and  Schlenkcr,   hnve  demoiLst rated  ilial  Ixiric   acid   uihI 
h'^rax    interii-rv    nith    dtgi?<lion    and    iiiiirition.      Alatieni     ^-|H<rtf 
pmfouiid  dUiurtsinov  in  ikijr*  after  a  few  daily  diw«s  of  K  grains  j 


*  IWdon,  Jan.  3^  l)t99, 
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fliarrhtea  nnd  other  Bigxift  of  gantro-intcfitioal  irritation,  and  iu  wimo 
iiutancM  even  fabil  rcwiltM  wvtv.  wiiiiwd.  He  himself  l«ok  30 
.grains,  and  suffered  violent  iilHloniitml  jjiiin  and  diiirrlitefi.  Komtcr 
and  St-li It'll kcr  liiiv<'  slirtwn  tluil  dos<>s  nf  S  gmins  havt-  a  dwiciwl 
effect  in  preventing  abrarptiun  ol'  nutriment  and  ctiii)>inj;r  inu^tinnl 
irriliitiuii. 

Dr.  Annett,  of  Liverpool,  ft-d  a  nninber  of  kittens  wiili  milk 
nintninitig  20  (grains  of  iMirie  aeid  to  the  qiinrt,  and  alt  of  them  diol 
in  an  enuiciau-d  eondilion  iit   the  eiwl  of    tin-    thinl  or  lonrlli   week. 

As  to  the  effwl  uf  ihese  agents  c)n  tlie  different  processcv*  of  di^'s- 
tion,  there  is  nti  siKreemeitt.  <'liitu-iuluii,  fin-  example,  Ix'lieves  that 
borie  acid  increases  the  dij^estiou  nf  proteids,  and  that  cvwu  '2-)  [kt  eent. 
will  nut  eliwk  ptstrir  iligi'^tion  nf  i^  idUimin.  He  has  noted  also  a 
marked  slimulmit  effect  on  |iaiicrentie  liip-stion  of  jiroteids  following 
thf  iiM-  "f  honix,  liftfiimnii  and  Itisini,  and  others,  however,  Imve 
ohfierved  elfects  direetly  contnirj'  to  tli«*e  repoi'tcd  bv  Chittenden. 
Ohittendpn's  first  exix-riments  were  made  to  determine  the  powiblc 
influenw  of  Iwnix  ami  Ixjrie  aeid  ni»on  the  proet^sses  of  salivary, 
gastric,  and  jwincreatic  digiistion.  He  eall^  attention  t<)  the  (iii't  thai 
hi«  roMdls  throw  no  light  upon  the  innin'oi^'  of  thi'  agents  n]K)n  tlie 
secretion  of  the  digestive  Huids.  He  shows  that  honix  inl)il>il.'<  the 
action  of  Milivu  on  iitnreh,  and  horie  neid  in  small  amonnts  increaaeti  it, 
and  also  the  (>ower  of  the  gati-trie  jnice  to  <iigest  proleld*.  Later 
ex|>ei-iineMt-H  hv  Chittenden  and  (iit's'  had  them  to  die  conclusion  that 
the  two  suhstan<'i^  have  no  peculiar  action  (>n  nutrition,  and  that,  Kincc 
«liniiniilion  I"  (H>niplete  within  thirty-six  hours,  the  jwissibility  of 
cumulative  action  must  be  verj-  small,  even  when  moderate  amounts 
are  ingcsli-d  daily- 

Tunnicliffc  and  llosenheim  '  concluded,  from  a  »erie»  of  metabolism 
experiments  on  young  children,  ilial  lK»ric  acid  in  doses  uyi  to  1  gram 
per  day,  ciiiKtmtoil  fur  some  time,  exerts  no  intliienec  on  protciil  or 
phosphorus  lactabolisni,  has  no  effect  on  the  assimilation  of  fat,  and 
ex<Tt'<  no  inhihitory  effect  on  inti^linid  piitreliu'lion  ;  (hat  lionx  in  ts>n- 
timicd  doses  of  1.5  gnuiis  may  or  may  not  improve  assimilation  of  fat, 
and  tends  to  iricn-asc  iolfi'liiial  pntrcfaetion  ;  (hat  Ixith  hr)rie  aeiil  and 
lH>nix  niv  climinatctl  quickly ;  and  tlmt  neither  will  affect  the  general 
healtli  and  well-being. 

HaUiimnou,*  exprrimcntinp  with  borax  and  milk  m  r/Vci,  fuimd  that 
1  pan  of  borax  iu  HMD  complcii'lv  prevents  ihe  action  of  rennet,  and 
that  smalltT  amonnts  <li.'lav  it. 

On  the  other  hiind,  Liehreieh,'  experimenting  with  dogs,  found  that 
neither  borax  nor  boric  nctil  ha»  any  inRiience  on  metaUilism  ;  that 
Iwrie  aci<I  in  tsituratcl  solution  has  no  effect  on  the  mucou?'  mcmbnmes 
<if  the  stonutcii  an<l  intestine,  while  liorax  in  '2  \n'r  cent,  solution  has  a 


'  NViv  Yi.rk  MolJial  Joimiul.  Fi-lininTv  W,  1804 

'  .loiimul  -(  llT)ti.-m-,  April.  1901,  p.  IflS. 

■  Itritikli  .Mi'.liiiil  JiiiiniHl,  Jiilv  7.  IllOd,  u.  1. 
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niarktdly  injiiriuii^  efli^,  llioiigh  not  so  much  as  I  per  wot.  of  mkIiucd 
hydmtc  or  0.')  |icr  fctit-  of  siiltin-ti-r ;  tltat.  y  (kt  wiit.  "f  Ixirio  tm<\  aii<t 
lO.'io  per  cent,  of  Ijorax  have  no  influence  on  gastric  (]igeI^tiol1,  but  0,5 
rper  cent,  of  lioni\r  hji.->  >liKhL  inltitiiinrv  action ;  itiat  ncitlicr  liiui  :iiiy 
effect  on  tlie  (iiJ»l^^tion  of  wtsirchcs  ;  iitid  tbiit  JKitli  an-  climiuittctl  quickly, 
ami  have  no  tt-nilcncy  to  acciiniiiUitc  in  tlic  m.-Icdi. 

Vaiiglmu  mul  WviiIhut'  ilniw  nttciiti«n  to  tlic  almost  iinivcnsal 
practice  of  Hprinkling  mciits,  inten<le«l  for  export,  with  borax,  in  order 
to  [ircvcnt  tlicin  fnini  iMKimjiiig  flinty  ihiriiig  tnttiKil.  On  arrival  nt 
tlieir  <li«tination  the  nicsilj^i  iirv  wjlvIi«1,  tin<\  ttiu^  Imxl  from  the  prc-icr- 
vativc.  They  obtwrvcd  that  nieatf  kept  at  onlinan-  tiniptTJitiirc-s  with- 
out bonL\  iH'CHinc  slimy  within  it  Ci-w  days ;  and  from  the  Kiirfac**  of 
ench  they  isolated  '20  kinds  of  micro-organi.^ms,  14  of  which  provwl  to 
be  jK-ptonixing  luu'tcriii.  Thcv  ciiiichidc  that  the  linislitig  of  liami^  and 
Lbaooii,  whi<-b  arc  to  lx>  transported  long  distances,  with  not  exc«^ling 
rl.S  JHT  cent,  (if  liicir  weight  of  iHinix  or  hoHc  acid,  is  clfci-llvc  and  not 
objectionable.  ;Vg»in»t  ibis  very  practice,  boM■e^■e^.  the  German  gov- 
ernment, whether  prompted  by  consideration  of  the  public  health  or  in 
dcfcrtniw  to  the  dcrniiinlj<  of  the  Agriirian  parly,  liii^t  legi^iatwl ;  and 
on  March  IS,  1!K'2,  it  was  annonnciil  that  on  ()ctc)her  1,  11)02,  a  de- 
cree pivhibiting  the  inijH.irlutioii  of  meat*  so  trcateti  tball  take  tflivt, 
Iji  tbe  act  relating  thereto,  boiic  acid  and  its  salte  are  mentioned  spe- 
ciHeally  )i^  nnbrilnnco  iiijnrioiii'  to  buOih. 

Cons^idering all  the  evidence,  conflicting  though  it  be,  and  the  nuinyf 
reports  of  untoward  rcsiilti;  of  large  and  small  nicdiciiiiil  do*e.«  ;iiid 
fn«n  ahiXiqitioTi  of  both  agents  from  local  a]>i>liration.«,  it  seems  not 
iinrcjinonable  to  conebiiU;  that  llic  daily  ingtwtion  of  variable  niiionntH 
in  f'lKid  and  <lrink  bv  ix'nions  of  all  ages  cannot  be  wholly  free  from 
objection.  A  verv  I'oiumon  pnicticc  i.*  the  iiihlition  of  a  nuxliire  of 
the  two  or  of  either  alone  to  milk,  in  tbe  pro|»ortion  of  I  |Mirt  in  olH) 
or  1000;  H  pint  will,  therefore,  contain  a  tair-«zeil  adnlt  dtB*,  an. 
sruount  which,  taken  twice  daily,  or  oftoncr,  by  a  iKJltb-feil  chikl,  cau] 
lianlly  lail  to  have  some  etfect  not  wholly  for  its  well-l>eing. 

Salicylic  Acid. — Salicylic  aeid  i»  more  eflieieiil  than  borax  and  boric 
acid  as  .a    pi'eservative,  but  cannot  lie  used  bo  generally,  Ik-^^juisc  of  ite 
tendenev  to  niu^e  nnpleit.->ant  flavors  in  fnoibi  having  a  bland  ta.-<te.     It 
is  used  extensively  in  jams,  jellies,  tomato  cnthups,  bottlcti  beers  (v*- 
ln-cially  tlio>e  frfna  (ierniany),  the  lHa\'v  lieers  innocently  consumed  by 
total  abstainers  under  ttii-  name  of  "malt  extracts,"  IViiil  juitMs,  simIii- 
wal<T  syrn])s,  cider,  wines,  and  other  ?<iceliarine  (ireiia rations,  and  pre- 
served vcgclablcK.     (.'imci-rning  it.»  iibj<^t.-liunablc  nature  iw  an  addition 
to  foods,  there  i»  practical  unanimity.     It  not  only  exerts  an  inhibitory 
uction  on  digestion,  but  acts  a\ftn  n.'>  an  irritant,  oitecially   lit  the   kid- 
incys,  by  which  orgjins  it  is  cxerctnl.     It.-;  addition  in  any  quantity  t<i 
nrtioU'ri  of  fo«id  or  drink  is  forbidden  ex])ress|y  in  many  Kiiro|»eau  and 
"South  Anicriran  ciiuntritw.     It*  adililion  to  In'cr  and  other  urtidc^  in- 
tended for  export  is  pcnnittod  in  Oemiany. 
L  '  Amcrium  Meijidiir,  SUtvh  IS,  1903,  p.  -ISl. 
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Sulphites. — Sodium  xulpliiU-  Hiiil  liiHulpIiiti*  ami  .lulphiirou^  iickl  urc 
used  more  m  less  exteiiwivt'ly  fur  jiitsiTVing  meat,  boer,  wioe,  ainl 
V(^'tuliits«  ami  fmit--  jmt  uji  m  «nin  ami  gla.v  jars,     Tlit-  latu-r  .-Imiild 

[  nee<l  no  presemitive  if  pruiwrlv  put  up;  but  tlit-y  arc,  iiovcrtheless, 
ofU-ii  tnaitcd  witli  these  and  otlnT  :igeut«.  Sendtner  has  tbund  rrmti 
26.4  to  4f<2.6  mill i'^nini^  of  wi!|>liiiriiui*  «wil  iu  'A'i  ["((W'imvrw  of  vejjc- 
taliIe.-<  in  jrlai^.  Kiiniiiien'r  and  otlicn^  have  reported  aniuiiiits  riiii^iii^ 
Irotn  'A  tij  '2'>0  luilligraui?*  \tfv  Hut,  In  nil  itiiii  white  wintw.  lii  tlii« 
coiiutrv,  it  is  not  unciimniunly  prei^nt  iii  uinned  corn,  which  ha«  \i&\\ 
bk^trln-d  t.Iicrvby  uiiii  hciiw  inipri)Vi.il  in  aiijienraiia-. 

The  most  exteusive  iuvestigntiun  of  the  ctrit'ls  of  the  Bulphites  cm 
the  sy.iteui  i«  that  nf  Ki<)nk;t.'  who  hiw  shown  that  in  practical  dow* 
they  have  an  iiijarioiis  effeet  on  the  Iiiurt  and  evutrrJ  n<^'n-ons  ^ytcm 
of  eold-hloiKW  Hiiiinnls.  With  warm-blooded  animalx,  he  found  that 
larpc  iWes  exert  a  markcil  aiul  isf)metinic«  fatal  imisononw  ai'^lioti,  uiid 
that  small  doses,  long  eoiiiinui'd,  atfect  seriously  the  circulation,  luu^, 
anil  kiilriev*.  Ho^S  f"-""'  n|Mjn  mwit  f  ic«lc<l  with  »uii>uut--<  rccommendvd 
for  |>resi'rvative  purposes,  were  atfected  very  seriously. 

Sodium  Hulpliitc  if  uwil  very  emnniouly  in  siinsiip.'s  and  ch<i|i)K'd 
meat  (llambui^  steak),  Iwith  as  a  preservative  and  to  cauwe  the  brijrht- 
red  «»lor  of  the  fn'sh   uxal   to  In-  rctiiiiuil  unaltered.     ChopjHiI  nii^t 

iJteepe  its  cokir  but  a  very  J^hort  time-,  and  iw  the  purchowr  will  not 
accept  it  when  not  bright  tc\\,  the  vi'iulor  U  driven  to  make  its  iip|H»ir- 
IiDce  acccptjiblc.  Thu>f,  the  purchaser,  insisting  upon  haviufr  wliat  to 
hi,^  eye  is  fr(«ldy  chopped  wholesome  luisit,  may  lie  scTve<I  with  stulc 
meat  oontaining  ii  most  uiuli -iirablc  chcmifxil  prtservntivc.  In  IW1I8, 
the  Imperial  Hoard  of  Health  of  Germany  forlwde  the  use  of  sotlium 
sulphite  iu  foods,  Ixrau-se  of  its  flangciijus  pro|HTties. 

ForQuIdebrde. — On  account  of  its  property  of  hardening  tlssiiex, 
fitrnialdeliyile  d'H-s  not  h'lid  it.*i-If  to  (retienil  ii.-ii'  ii*  a  fiHwl  priwrvativc. 
Fish  and  ineat.s  are  rendered  so  haitl  by  very  dilute  solutions,  oven  I 
to  ."ijOnO,  as  to  be  worthless  eommeivially.  It  i^  ustil  rmwt  com- 
monly in  milk  and  other  liquidti,  and  lu'ts  most  efficiently  in  debying 
and  prt'venting  deeoni|>oflitioa.  ltd  tiae  in  milk  if,  howover,  fiir  fntni 
conuncndjible,  for  although  clHcient  a*  n  prowrvative,  it  alters  the  char- 
acter r)f  the  proteids,  which  are  thereby  made  Iej*s  ilip-stibte.  The 
»LM-in,  whi-u  priHr{pil:iliiI,  iIih-.s  not  si>|Htnitc  iri  fine  clot>^,  hut  in  loui;h, 
hejivy  curds,  which  yield  only  with  ranch  resistance  to  [leiwin  and 
hydrochloric  acid.  SV'e^le  and  Mt-rkel  •  have  *ihowii  that  the  pron-ids 
are  mude  much  Ii-sm  digc-stible,  and  their  conelueion*  are  in  agreement 
with  thofl(?  of  most  investigator^  of  the  snbji^t.  Itliw  anA  Xovy,* 
aft«T  n  most  ciirdVil  ami  exhaustive  impiiri'  into  the  cH'wts  of  fonnnl- 
dehyde  on  the  digestive  ferments,  found  that  [H^jisin  and  trypsin  have 
diniinishtxl  uclioii  upon  fibrin  which  has  bt-cn  a1tv^^d  by  it  in  very 
w«uk  solution ;  that  eaectn   is  altered  rapidly,  and,  as  a  result,  la  not 

'  Zeitwhrift  Tiir  l!yir!i-tie  iinil  Iiifwlioiufcrniifchpilcn,  XXII.,  p,  351. 

'  FdooliiitiifiU-rirluc  iiUt  I.<'Ih-ii-'Iii>U>'1.  .-k*..  iS!»\  ll^  \i.  91. 

*  JuuniHl  uf  Bx|i<.'ri'iii:>iiUil  Mwiicintr.  IHtfJ,  jk  47,  ^ 
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cocifriilnkt)  bv  n-iinit  nr,  at  bc«l.  vt-rj'  clowly,  and  is  not  readilv  dij 
by  the  proteolytic  f 'cmidits ;  anil  that  jM-jixin  and  roiinet  an;  tJi<-mM>1v 
not  iifiVTliii  liy  fJiirly  (ntnuij;  (1  and  o  [xr  wnt.)  »>oItitK»tf-  uctiri);  futl 
lieveral  wt«kn.  IVpwin  vi-as  t'mind  to  l>e  allVvtwl  <iuickly  liy  wn' 
diluto  Hjlittionx,  tryi'^in  tn  l>cr  ulD'cttil  ii<^'i>n)in^  to  ihc  oiiioiitil  "f 
orgnuic  matter  i^rei^cul,  and  aniyliip!iin  and  |>iyaiin  U>  be  ni>t  dt*trovai| 
by  ven*  dilute  niilutiniiH.  TIk'  Inltcr,  however,  w<>rc  found  to  I>r  de- 
cUvvftl  l)y  rtniiij;  Huliitiimfs. 

Halliburton  '  fVuind  thul  O.n  ptr  «cnit.  nf  formalin  rt-nderfi  ptxiric 
dijioliim  of  fibrin  ulnioKi  iin|>'ii!i^iljlc ;  and  that  0.05  per  wnl.  cniwiil' 
vraltly  delays  it.  Its  pfFwta  on  iKincrMiiii!  dig^tion  were  «wji  onw 
niitrkol. 

Tnonicliffe  and  Rosenheim,*  r.Yjx^rin)eating  with  young  chiliK'n, 
found  tl)iit,  in  ilom-s  of  1  |NirC  in  b,000  of  milk  »r  1  in  0,000  i,{  t<d 
fiRHl  and  drink,  fnrmaldchydv  exerts  no  a]iproiia)jIe  effect  on  nilr'i^'^n 
and  pliiispliomn  int'btbuli.-<ni  or  un  fiit  iissin illation,  Imi  in  largiTiiuK?; 
or  hin^  t^vntinued,  it  may  tend  to  dlminit'li  pho-iplioruH  and  fat  iiK^im- 
iiiition,  on  su-count  of  its  efiw(  on  ]mii('tx«tic  digestion.  Widi  iIcHdiW 
(-)iildron,  (hi-  l;oOO()d<MK'  \kis  a  measurable  dclrtcrious  cflVvi  nn  ll"' 
iiitriiyen,  pluMphoniH,  and  fiit  ii^iimilalion,  and  exerts  a  slight  irriW 
aflion  on  the  intestinu.  'nicy  conclude,  lu)wevcr,  llmt,  ax  n^tl,  tk 
cnb-'tance  bis  no  influence  on  the  general  health  and  well-beinguf 
clilldivn.  On  tin-  other  hand,  fec^ling  cxiH-rinH-nts,  condndiHl  by  Df. 
Annctt  with  kittens,  d(inont;tnite<I  that,  nn  the  amount  mixed  uitli  <i" 
milk  WI.1  in<rrcHScd,  tJie  retarding  nvlion  on  llieir  develnpmeni  wo' 
more  marked. 

>\'liatevc;r  may  be  the  results  of  e-Xjteriineuts  tending  to  show  llw 
effects  iif  formal dclivdc  on  mctjiholi)>n)  anil  Kit>wih,  cvcrj-lxxly  whoba* 
<Mri'ji»ion  to  luindle  even  very  dilute  Holiitiuus  can  testify  to  its  irriWnl 
cfrcctxim  tiicidiin  ;  and.  this  In'tng  ll)eca.'<c,  it . ■"Tine  hardly  r(W">nal»l^ "" 
as!*ert  that  the  much  more  delicate  miieoiis  menibnines  of  tlic  dijiefH*'*^ 
triK't  t'lin  be  Kiibjcctcd  to  its  aetiou  and  wholly  i?t^ca|>e  injuiy.  Forms''' 
dehyde  is  not  genendly  rcpirdcd  as  a  jioiw)n  in  Mnidl  iloww,  but  a  w""' 
Iht  of  diMkth^i  have  been  iitlribnted  to  its  use  as  a  milk  prcEcrvnl^''' 
though  it  should  Iw  siid  tluit  the  eviik-nii-  in  iIkwc  «we»  will  h:if"? 
Ixiir  erilini!  analvsis.  One  undoubted  case  of  non-fatal  |M>i)miiilig '"'' 
Imiii  n'<ionliil  by  .).  Klubcr.*  The  subji-i-l  was  a  man  of  furly-sfvcfl 
who  swallowed  some  ajterient  water  into  wliioli  foniinlin  hud  U-eti  i<itf  * 
dun-d  aecidciitijlly  He  lay  for  a  long  time  in  a  state  of  coma,  an" 
hiul  anuria  uinctt^vn  lioury.  Formic  acid  wov  eliminated  in  the  orin 
during  nxovery. 

HydTogeii  Peroxide. — TliiM  ngrnt  is  rceommendeil  ns  tlw  lenst  dau^ 
OUtt  of  all  ehemiral  prcM'r\'ative«.  and  is  belicviil  by  some  to  cxcTt  d 
<leleterio»s  effect  wliativer.  It  is  well  aibiptiil  for  use  in  wine,  bca 
Mid  fruit  juinw.     Ou'  |inr1   in    1,000  U  taiid  to  prv^-cnt  eiitindy  tfl 


'  Journal  i<f  Hreirnp,  Julr,  1901.  p.  321. 

*  Mbnciicmir  iiu^iriniwhr  Wnrlivavlirifl,  Ortotwrll,  1900, 
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kln^io  ri-nitMitalion  of  glu<^>*e  NiliitioiiH,  amt  in  Honiewhat  Inrgt-r 
iDB-uiit*  tfi  iiri'Vciit   llic  toniiati'iri  uf  lac-lie  in-id  In  milk. 

Soditin  Floortde. — So  tar  slh  is  knowu,  wxliiiin  tlunnOc  exerts  no 
^jiiii'itin  iu-rii)ii,  biic  \\i<  i^Hift  on  ili^'HtinD  Iuik  ncit  Ixvn  Htmliitl  tliur- 
Hijffily.  IV-m-t '  »fHi-itf<  tliat  il  \\-m  :i  dcciditl  iiifliK^iicc  iii  inliihiting  ilio 
f^ftjintfiit  i>f'  liii-tic  iiDit  liiityric  fiTiiii-iiiA.  r.->iii^  liiiii.tclt'  itii<)  ii 
;m/)iT  of  (In;^,  lio  iiiKlvrtiKik  a  wriws  oi  iwitinu  fXjxTinicntJ',  mid 
iini:li>ilt<l  tJa'ivfiimi  iJuit  llu-  sill  is  in  no  wav  [HHHonoii-s  Jind  may  \ta 
id  wiltKxil  4bin;^r  Ji«  a  Uxiil  proiTvarivf.  S|K'in'iiicn.»  of  milk  own* 
:t  {Hirb^  in  1,f>00  and  kq>t  at  -W^  V..  rt<niuiiied  nnoliiiii^'d  long 
Im'  (HintmN  luid  Imi'oiih^  <iiii^i)iit<il.  A  dn/cii  miIh-h  of  milk  con- 
imnf  il,  and  plantt?*!  with  biitync  fcrniciit,  uiid  iiiiutliiT  doxcn  cmn- 
pnin^  iintnutwl  milk  similiirly  })luiit(.-d,  won-  k('|>t  nidc  liy  Mde  at  'A^'' 
',  Oil  [Ik-  day  follomn^,  tlii*  I:itl<.'r  ytvrv  <r<iiii;iilut«-d,  but  tlie  rorin<.T 
*»■«-  iinclinnfriil.  SiitiriitiiminiH  itijai-tioii^  of  ihr  ^ilt  to  tho  I'Xlonl  of 
hi^  ^r.\ia  inT  ki]o|;niiii  of  woi^rlit  «m»ctl  in  ii  do;;  tsligln  ««li«ili"ii  iitid 
liiiWi'l-';  liitt  larpT  d<wi;i  (iin.'kil  marki'd  salivation,  diureiiis,  thirst, 
Iwl  rcfiiMil  of  fooil.  Iiittnvcnoiii>  iiijtft ioii'^  o)'  (1. 10  |kt  kilofj"'"'  '""Uwt' 
ioindlkitt-  rfc*e  of  pulw  and  n«|iiralion,  follun-wl  hy  abundmit  sdi\'a- 
ibiii,  niiiii-n,  vonvnlKioiiK,  nnil  di'iilli  in  tliirtv-livi-  minittt-^.  I j<''l1miiiiii 
w!  Btvm  '  \ta\'<-  noti-d  tlinl  sixlinm  Hiioiidv  intorlcrl■^  but  litlli'  with 
4»  ilip^tioii  of  Hljin-li. 

SMliuiii  fluoride  a))p«ars  to  lie  w^k  iis  a  general  prcscn'ativc,  but 

hn^vnb)  utt^diolif  fi-rnii-ntiiiion  cnmjiU-tcly  wlicii  [in-M-iil  to  the  cjctvnt 

rf  I  jKirt  in  2,<WiO.     Tho  fluorides  and  bydnROilorit-  acid  are  used  l^ 

»Bir  hrewers  for  tin-  prevention  of  unde?iii-ed  termt-ntnlions. 

MhUD  Bic^rboBAte. — This  H|;ent  xvum  to  lie  a)>  little  object ionidile 

iny,  but  it  i"  verj-  weak  in  it>t  jii^servative  aeiion  and  is  loo  ineffec- 

i»  for  ^M-ral   ii»e.     It  ix  \tHi\  wonicwlKit  in  Sw.tien  tn  oonjimoiion 

*illl  Mgar  for  mint  and   liidi.      A  more  <itn)nion  ii8e  \»  to  overtv>nie 

(finiilng  nridity  of  milk  ;  against  ilii!*   is  ui-mil  the  powibility  of 

n^riive  cficctM  in  infiinttt,  tliroutfli  the  MMliiim  lactate  |>roduet<d. 


Section  8,     OONTAMIKATION  OP  POODS  BY  METALS. 

V^   inrrtijiiently,  nmall    iunouiil>   of    rnilidlii'    -ailt.-*  aiv   prewenl    in 
«!•,  ril)M*r  through  iweident  or  by   riuisun  of  intentioniil  :iilmiMure 
»i|jic  (lelinite  end.     The  moiit  common  are  componnda  of  copper 
~  I*iii),  iiikI  tluwe  iin-  regiirdei)  lu  of  gn^iler  hygiciiie  ini[H>rtitu<v 
llie  KidiM  of  xine,  tin,  and  nickel  >iecani<inally  pret^ent. 

ir. — CopiMT  giiin.-  fiitmiHv  tlii>itii.'l]  till'  Irnprnpi-r  iir*i-  of  enok- 

iilfUfil-i  of  hniMt  and  ei>])|K'r.  and  through  llic  iik'  of  \U  kiIio  fur 

iiinje  |«tw  and  other  vogetalilea  ("  ivverdiw^age"),  and  for  impmv- 

IIiHir  of   infirior  grade,     ('iipjKT  nmt   hrat*   ketlliv  yield   Mnall 

iti^  to  ariil,  fiilty,  and  other  (imkU  allowed  to  rit;md  therein,  e^pe- 

■  AuiMlm  (I'llrxinw  >'■  •■•'  M'riiH^nc  li'snir,  Jiuic,  1808,  pL  497. 
•  Jiiurtial  af  liw  Fnitkliii  liwiliiiu-,  l»Uli. 
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cially  if  the  cuntenU  ure  t>xpo»»]  to  lite  air.  Tbcir  yield  >s  rourJi 
l»rwit«r  if  tiny  am  not  kqit  Uioroiiglily  clwin  mhI  well  |xil»lwJ. 
[jctituatin '  found  36.8  initli)rmuis  of  L-u|ii>cr  in  a  liter  uf  lirotli  nmle 
in  II  liiy.in  v(*j«'l  and  allowi'd  tii  rAuml  'il  luKir^,  8.7  nigr.  iu  100 n-. 
of  iTtiidd  fat  nllowii]  to  !>tnii<i  2  w(.x-k«,  :2I  mgr.  in  a  liter  of  s>ur 
vfiue,  and  til  in  die  Nime  vulunifr  of  viuc^r  afler  24  hotU¥>.  Mairtoi 
rc|Hiilttl  '2-1  nigr.  in  n  1it«r  of  fujc  witip  ntU-r  24  tioun^ 

The  UHi?  of  L-o|>|ior  for  greening  vt^tabW  b  »eeedii)g;Iy  mmman. 
Ir  niTVi^  iio  iiM'fiil  piiqNi!-v  otht-r  tliaii  l»  \AcaM;  tlit.*  t-yi-.  Tlu-  jNasnf 
oUit-r  vcgi-lMblt»  lire  Imdiil  in  ii  wry  tliinU-  Htlulion  of  copper  i-uIpbaK', 
diuiued,  washed,  and,  linally,  put  up  in  mux  or  glii.->.>«  jiir>.  The  KCli- 
liciiil  m\ov,  whicli  i»  ot\t:n  niiioli  more  iii(cnK.'ly  gntii  tliait  tlic  nalunl. 
i«  dih?  to  an  oi'fpiiiic  ('on)]Kiun<l  of  cupjicr  wbicli  if  iuwluljl*^  in  w'ster, 
'I'lii-  rluini  Minii-tinic.-'  iirpii,  timl  tin.-  i'ii|i)h.t  curv»i^  d'  iix  iIk!  cliliXiK 
))liylt.  iind  ii-  not  it^c■lf  rL-lain<rd,  is  prejxi'terous,  for  if  a  solutiom'f 
t'ldoropliyll  L-  tinUfKl  with  <)iliiu-  <<o)))Krr  .iiilphnti-,  llic  Mtior  i»  Aifimri 
and  H  l)i\iwu  prwripitato  i»  prodnci-d  ;  wliile  if  pcrfertty  white  l>can» afe 
l>oiled  for  a  short  time  ui  a  Niluiion  of  liie  sunu-  nrriiugth,  thty  \At  uo 
a  ilii'|i-^ii-(.ii  I'ohir  thniti^h  ilii-  formiilion  of  u  new  conijiound  ulili  tlii' 
omliiinc^l  Ic^umin  or  some  other  ])roteid.  I'l^tatix-K,  Ix'ili):  verj' |K"r 
in  pixttcidfl,  an-  alfwttii  hut  slightly  by  siniilur  trtiitroeiil,  bill  tgg^  nwf 
be  rolonil  intmwly  grceii. 

The  liquor  of  i^iuintH)  jrrwnM}  vfjir-liddi-s  U  I'oinnionly  fn*  fi""' 
fopjK'r,  and  iht  ti>linn  of  ^]HvinR1l!*  by  adding  ammonia  to  u  jxifli"" 
of  the  liiinor,  in  ihc  ex|Hi*talion  of  prcKltioing  a  bhie  color  in  «»*<'  "'^ 
vegetable  lian  Ken  so  tiwitwl,  ij<,  tiiiTi-fiire,  without  roult.  In  orif^ 
to  dcterininc  ilie  [>rewnce  of  coijper,  a  few  gmnis  of  the  ^uh^taiiM  m** 
he  iurini?nitt'«l  in  a  ]>orci-hiin  ntpsulc,  the  n*idtw  ihcn-fitim  tnaieJx't" 
dilute  hyilrorhl'iric  acid,  and  tlic  liltnit(>  snbjti'tcd  to  the  UMial  U-^lf- 

Thi-  ipiolion  of  the  hygienie  iiniHiriancc  of  i-nuitl  :nnounl!<  of  iVf\KT 
has  been  ttic  Mibj<-ct  of  ii  number  of  oxtcuKivc  invi'Stigatioiw  on  lli«l«''^ 
of  individuals  mid  foreign  govemnieiite,  and  while  it  can  Imnlly  he  »'^ 
to  Im-  proveil   that  dtingiT  nin  arbx-  thcix-fi-oiii,  novi-riheli-w  no  p"" 
rtsiMin  «m  lie  advanecil  iu  favor  of  the  |>ractii-e  of  grwning.    Two  ft"' 
<lcnt.->  in  Iji'hniann'.-  hibomtory  tiMik  daily  dtuww  of  «ip|>er  sidts  willi  ti'' 
perw'piihlf  ili^turbuDw;  one  twik  3!'  niillignini^  of  copper  >al|linU' 
<iiiily  for  .iO  <lays  and  then  double  that  amount  for  30  more ;  the  oilwf 
took  lh<>  act-late  liir  '>\  day.«  in  diu^-^  rnnging  front  Hi  !•>  Of!  aiillitmnM. 
Them-  amounts  are  larger  than  an  average  eater  woidd  be  likely  to  lake 
into  hilt   ■"Vfti-m   fii>ni  iiumetl  v(^-IabUw  in  (he  I'onrse  of  a  d*y,  for  |Ih> 
entire  eontmt»  of  an  onlinan'  tin — M>niewhat  luw  ttiuii  half  a  (iouimI 
(iininionlv  yield  le«A  llian  -iO  milligrams  of  eopper. 

.\c<<iir(l!ug    to   liauni   txml   S<-<'lin^-r,=   wIion-   niimeniuf    ex|H-rinM'„ 
exten<le<l  over  a  {m-HimI  of  ihrrv  ycar^'.  ^niall  daily  dot^s  are,  as  a   ruleJ 
omiplelely  ahMtrlHtl  and  again  eliniinati-d  ;   larger  doe^-s   are   not    n«n- 
ph-li'ly  abitorba).     Complete  elimination   imiy  retjuire  us  loiig  aa  fivi 
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nioDths  from  iho  date  of  tht-  last  iloae.     I^iig-cnntinwed  ing^etiou  of 
^iobII  tiuiwK  iiMV  briit);  iilioiit  ii  ootidiliDii  ni'  i-UthuIv,  |ioI.4rinii])^. 

Cojiper  iip}>ears  to  be  a  normal  coustitu(^ut  of  some  articles  of  food. 
Tin*  iu-j«-riion,  miult^  oi'i^iimlly  by  Mi-ver,  of  f'o|>euIirigen,  tJiat  vrh^t 
and  oats  oftc-a  f.ontaiu  iiiiLiiih-  tracw*,  c!i[xi'iiilly  in  llirir  Imsk^,  lia»  r*'- 
IHfliliilly  Ih'1'11  pnivrti,  Acem-diiig  to  Lt^hriiunn,'  tlif  s[)wic'.«  of  plants 
ba»  far  IfS;?  iiifliictRV  on  thv  unimint  taken  up  llian  tlic  aiiiunnt  nf  fcipjxT 
pre-teiit  in  tho  soil.  lie  found  the  metal  in  a  great  variety  of  pliints 
|>r(.iwiiij;  in  a  w)p]KT  foi\  :  rvc,  tmln,  ho]),^,  [lolatiie!*,  (lanilt-lioii,  juiu|H.*r, 
violets,  cborrit*.  etc.  In  woody  planti^,  tlie  k'^'"'*^'^*  amount  of 
<"0]iiKT  is  ia  tbit  l»iirk.  AficniTling  to  Kai'^iten,'  the  (ipraying  of  pajie- 
vines  with  cijpper  w>hition^  is  not  wholly  frw  fniai  ohjwrtiou,  sinoo 
that  which  adhercn  to  the  fruit  may  U-  fiufficient  to  make  their  yield  of 
wine  toxic  He  inrtaniTi'  a  nu'iilnT  of  i'a«wof  diarrtmti  unil  vomiting 
<liie  to  wine  which  }-ielded  trace-  of  cojipir. 

Lead. — TiatTS  of  ImhI  arc  of  coiinuoii  occurrcncx;  in  viiriou*  articlw 
«f  food,  eitpecially  those  wrajHR'd  in  foil  or  enclosed  >n  cans  having  ex- 
[loMil  wamx  of  lc!id  ^loMer.  A  mimbcr  of  sptinmcns  of  wrapping-foil, 
analyzed  by  Iti'.  Charles  P.  Worcerter,'  yielded  lead  in  aiiionnts  rang- 
ing from  Inici-n  to  HTI  jut  cent,  Tlicy  an-  UM-d  lai^jcly  f'lr  wrujipiiig 
rreain  cheeseB,  chocolate,  and  other  loods.  Tlie  metallic  caps  mied  for 
dosing  gia.H.-i  jar*  of  preserved  fniitH  and  vegctableti  are  also  sonnvs  of 
danger.  One  spcfinicn  examined  by  Wonrc.»tcr  contained  fly.o  per 
cent,  of  lifld.  Patent  stoppers,  consisting  of  a  nHiallie  di^k  with  a 
border  of  rnbber,  n«il  in  Ixitilcw  for  *uniTiHT  hcverAgwi  known  to  the 
trade  as  "will  drinks,"  commonly  contain  lead,  a^  is  -diown  by 
Woix'«8tcr'»(  cxiiminiition  of  28  «|Hvimeni<L,  which  yicMed  from  AJ)  to 
50.7  per  cent.  The  contents  of  the  several  liottles  yielded  lead  with- 
out exception  ;  the  l:irp.--->t  lunonnt  wiis  I.O.')  niillignintit. 

Dr.  William  R,  Smith '  has  drawn  attention  to  the  common  oeriir- 
pentre  of  hud  in  citric  an<l  larlario  acids.  Tlie  former  is  nmil  eonsid- 
pnihly  in  making  cummer  diinks,  and  the  latter  in  effervescing  powdera 
and  Imking  powders.  Of  a  do»-n  njxvimenH  examined  by  him,  only 
Oiir  wax  uncontaniitiateil  ;  the  higlie^^t  amount  found  was  II.O.'li  j>er 
«eot. 

At  the  pn-Mcnt.  linn?,  umned  fot>d»  ar«  h!*»  likely  to  ishow  traces  of 
lead  than  formerly,  when  the  cans  were  made  with  less  care.  In  ISB."!, 
Wiley '  n'portfil  triiws  in  l.'J2  out  of  2-18  .'4impl<-«  examined. 

Conwrning  the  hygienic  importance  of  small  daily  doses  of  lead, 
(here  is  but  one  opinion.  It  is  quite  improlmhli-  that  tlie  iKVJwional 
tliteof  uiniKil  vegi-tablc-'*  wmtiiining  but  n  fniction  of  a  milligram  in  an 
entire  can  will  leiid  to  serious  injury,  but  the  constant  daily  ingi'^tion 
of  appii-ciable  amounts  of  U«d  is  likely  to  lead  to  m>rioii«  eou sequences 
iij  at  least  a  fair  proportion  of  cases. 

'  Arcliv  ffir  Hvuiwu..  XXVII..  [..  1. 

»  Cliemikrr-^^iiiinir.  1*90.  p.  37. 

'  29th  .\niiiin1  l{i'(H>ri  of  ihr  Sinic  flonnl  nf  TT«ultli  ■>r Mnl*nc^nM'lt^  p.  570.  ■ 

*  Joitnml  iif  SUilr  M.iliciiu-,  (Xtolwr,  llfliJ.  1 

-*  Dviartmcnt  of  .Vgrk-ultutc.  Uiviiion  of  ChamiMrr,  Bulletin  No.  13,  t^n  VTll. 
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Esixii-mlly  to  he-  nvimlcil  an-  the  aoid  dnnk.-i  contained  iii  bottW 
witli  1(11(1  utopjtcrs.  Tlio  iimuunt  I'f  lead  prciicnl  is  smuil,  and  an  occa- 
sional indulp-'nco  is  niilikely  to  (■aiiw>  Imrm ;  but  eases  of  HpniiUH  iiijnry 
have  iicfNiTeil.  In  mii',  in  wliicli  tlic  cjiiim-  "f"  the  trfHihlc  wsti-  invewti- 
gatcd  t>_V  lh<^  aiitlinr,  the  jiatifnt.  a  twn[>cniTiee  lectnrer,  had  tor  some 
wf-i-ks  iHvn  [ HIS,- ion II to ly  iidiM('t(*<l  tii  ihi.-  use  of  n  [mrlipiilar  brand  of 
effervescent  drink  known  as  *'  stniwberry  tonic,"  a  carboiiaKMj,  noidn- 
tiiiiil  ^iiilnlion  ot'.-iipir,  tlaviir«I  with  an  artitieiiil  e(>m|i(iini<l  ctlicr,  iiinl 
colored  with  an  atiilin  dve.  Kviik-nee  nf  elironic  lead  poisouinc  de- 
v<Jo]>f(l  willi  wmn-  sndilcniu'!*.-,  and  in  a  ^nhort  time  not  onlv  wrisl-<lnn)j 
but  ali^o  toe-droji  uiijKureil.  .Sju-ciineii^  iit'  the  bevt-rage  wertr  examined. 
Tte  stoppers  were  almost  piii^  lead,  and  the  ennt^iita  of  eacli  boltl& 
yichk-d  nuttibli-  tnice.-'  of  the  inetfil. 

Zinc. — Zinc  sometimes  <)ceurs  in  small  traees  iu  canned  foods  from 
the  ii.Hi'  of  ilic;  ehloride  in  sold<'riiig.  With  improved  inetho<Ii',  in  which 
another  tUu  is  employed,  this  contamination  is  becoming  niiconimon  in 
this  cUh8  nf  foodii.  It  app«.«is  to  bt-  a  connnon  amdentnl  inipiirity  iu 
dnc<l  apples,  from  contact  with  galvaiilKixl  inini  wire  racks  on  wIiicli 
they  aiv  cincd.  KiinmicriT '  foniid  it  in  4  ont  of  !i  .■ijKiinu'ns  of 
Anieriwni  dried  apples  ;  the  avcnipc  nmoniit,  reekouwl  as  malatc,  wa« 
O.OfioG  jxT  tent,  Hujard  *  found  it  in  .'ti  out  of  n4  ;  in  20,  the  amount 
prt-sent  ningcd  from  0.03  to  0.49  f^m  to  the  kilo^uni,  reckoned  iw 
oxide ;  in  1 7,  it  was  present  oidy  in  traces.  We  liave  no  evidence  that 
these  xmu])  HUKinnU  nrc  of  the  sli^hlol  siinltiirv  i[iipiir1iiiic<>. 

Nickel.— N i<jkr I  is  employed  somctinn-s  in  place  of  eoj>]KT  for  gT'-en- 
ing  [X!iis.  About  a  unarlcr  of  a  pram  of  the  snipluitc  sniliwv  lor  u 
kilf^ram  of  pens.  It  is  dissolved  in  Imiled  water  to  which  10  cc,  of 
a  2  |H'r  cent.  N)]ution  of  ammoniii  are  addi-il,  nod  ihcii  the  >ohrlion  i^ 
dihilttl  with  Iiriile<l  water  in  snilicient  amount  to  cover  the  peai-,  whleh 
then  lire  boiled  tiir  .t  few  miunti'K,  ditiirKil,  and  waslicd,  .-\cconliny  to 
£,  Ludwig,'  nickel  is  given  off  in  small  amounts  to  all  siirtf  of  IVhmJm 
RookMl  in  niekel  di.ilios.  He  found  from  traces  to  12. !■  milligrams 
pi>r  too  gmnis  of  the  food  cxamiiKil.  There  is  no  evidence  that  thei^ 
amounts  can  protluce  injury. 

TId. — (*(>ntiuiiinalion  with  e<im|ionnds  of  liii  in  exeei-dinply  common, 
and.  so  liir  as  is  known,  is  harmlt^"  and  unimportant,  the  coini)onuds, 
otbi'r  lli;m  the  chlonde,  ln-ing  npiHin-ntly  incaiuble  of  producing  any 
physiological  or  Im/al  ;trlioTi. 

Metallic  CoDtamination  from  Kitchen  TTtensUs. — Much  has  been 
said,  frtnii  time  to  time,  c*ineerning  the  pi>ssib]c  dangler  of  {mLsoninj^  by 
entail  amnimts  of  lead  and  other  metals  taken  uji  by  foods  trom  kitchen 
utensils,  and  csfKvially  from  plawtl  earthenware;  hut  a  number  of 
extensive  investigations  have  demonstrated  that  this  danger  i*  very 
rvmuU.-.      iMus^i  '  ha.-  shown   that,  if  the  tiring  of  letid-glnKcd  pottery 

_  '  CliMniktr-Xpitunir.  IW'T,  p.  721.  J 

■  » F(in>r-hiinK«bcri.-hl  iibpf  1,t'brTuniilIe1.  etv..  I8B7.  IV..  p.  S18.  I 
H  ■  ( )i*.u<rTvii*li('  < 'Ill-Ill  ixv-lie  Zciliinir.  1^4{l8,  |.  I 

■  'UiumakileilH  K.  Soci^li  lluliana  il'iKivne,  Jniiiianr  90,  1900,  p.  1.  I 
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■Im  btni  Aoxvi  [iroporiy,  iiu  trnou  of  \vaiA  nil  I  1h'  tiik(.-n  tip  bv  udd  rucxli;, 
r  Huh  IS  tofnatii  souji,  or  i^vi-ii  vinej^r ;  Imk  h<>  :ulvW-»  tlml  all  new 
[  TBwfi''  itl>t>ul(l  111-  clniiiHtTi)  v>.-ry  rTiivliillv  Ik'IoI'c  iir^n^,  mi  ucciniDl  cf  the 
I  OMDOUin  unoM'iKv  hI'  IruI  <lti-t  on  the  ^la/x'  wlieii  i'lv-iti  trum  tlie  kiln. 
I  Richo'  il-'w  detvniiiiatl  timt  witli  {ini|>crly  tin-<l  mm-  tliu  (biii^-r  uf 
taluikm  of  lutil  t»  pnictimlly  nil,  the  ^iHwiinfiis  iiMtl  yii'lJing  no  tracns 
.  bilKiiliug  <IiliiU'  ae(!t!o  and  nitric  acidn  nnd  Nilt  xolutionii.  Hut  iin- 
,  frofrrly  firetl  wan;  will  yield  Iniciw. 

Euain<;IltHl   ware    is   bplit-vt-d   coinninnly  to  ctintain    lead  ;  and   the 

muir),  iitiviiif;  n  (liftiTcnt  (iM-lliciinl  uf  i-xituiiMon  from   llmt  of  the 

iwn,  being  likely  to  craek  and  chip  oH",  e»|)ecially  with  careless  haiid- 

I  Kcig,  in  tlu>ii);l)t  to  Iw  dmigcriiti.-' ;  l>ut  Itiirllic'  fmiiid  no  tnitv  of  lend 

'  Iti  miinber  of  enamelB  examined,  and  juswrt?'  tluit  very  liurd  cnuinels 

fcti  ivttlii'r  Iiiid  nor  any  <ithi-r  |>()i.-onoiw  ei)in)ii)iitid.->  in  tiit-ir  jin^iiiira- 

(ijii.      This  accttnis   with    the  ex|)erience   of    tlie   uutlior  wnd    oilier 

I  Imrfican    investigators,  and    it    may    eontidently    lie   said   that   the 

auuclU'tl  won-  in  mntmon  iisi'  '\»  l«id-fn?o, 

Alttminumware,  which  ha»  of  Into  eomc  into  extensive  use,  is  lei<a 

Lmn]  upon  l>y  tieid   (akA*   tliun   tin,  hut   iif  iitrcctif!   i?on"i<lrral»ly  hy 

'  alblins  tiw  impurities   present    in  eommereial   nlnminiim   acting  a» 

bnring  iigeut8  u>  itK  oorroMon.     But  the  rL-^nltiii);  eoni]>oini<lN  nri^ 

bmcinnu'  in   the  small  amount  ingested.      Tbii^  kind  of  ware  is  kept 

I  riwi  \trv  cnsily  and  otTem  lln-  gn-iil  inivnntiifri-  of  )i}rhlni-.-<H. 

I     XirlHJwurc  U  utlnekiti  hut  tlighlly  hy  uitlinary  fwjd    niateriiilif,  and 

I  iBruniiiinta  taken  Up  are  without  sanilarj' i^igtiifieanM\     Hut  itn  eost 

I  "  itjiiiint  i\M  exleiifive  iiin-,  and,  morcuvor,  it  iui|)artH  nunieliiiie^  u 

I  pminli  linl>  which  if  repugnant  to  the  eye. 

L  >  K«rup  il'ltyicii-iif.  Au)(iut  20,  lUlKI,  \i.  TiM. 

k  'Jonnal  in  Iliarroado  «t  dc  Climiiitf,  169il,  p.  105. 


CHAPTER  11. 
AIK. 

Am  ii4  a  mixture  of  ga8e.i,  and  not  a  climiioal  oomjwiiml.  Until 
tbc  latter  part  of  the  «c\'cutecijth  ocuhirv  (1669),  it  was  supposed 
to  be  an  donienl,  hut  Jean  Mavow  then  pmv<J  it  to  bo  a  itiixltirc 
of  tpwpf-;  and  later,  LavoiHit-r  dinjovi-rfl  tlic  two  pose*,  osyjj^n  and 
nitmgt-n,  which,  a  bundi-ed  yeara  later,  were  separated  by  Pri<?stley  anil 
by  'St'hi-ok-. 

Air  ifl  a  colorless  and  apparently  odorless  mixture  of  oxygen,  nitro- 
gen, argon,  carlwiiio  acid,  aipiiiius  va(ior,  and  Inntw  <if  otiier  snb^Omot*. 
It  is  not,  however,  under  ordinarj'  cuiiditloiis  ixlorless,  but,  on  the  oun- 
trary,  it  oontainn  varion.-*  sw-nta,  lo  wbicti  we  ari'  «n  ai'irnHtunicd  ibiit, 
unlewt  prcM-ut  in  unusual  (Icgrec,  owin^  to  local  conditions,  tliey  are 
not  perceived.  This  is  noticed  on  returning  to  an  oittinari'  atni(ifiphi.iv 
from  one  where  the  raiisei^  of  the  usual  o<iors  are  absent  or  nearly  so, 
as,  for  instance,  from  deep  aublerninejin  cav<« ;  or  fi-oni  a  rofnii  wlu-r^- 
the  air  is  fnul  mul  oppn-wive,  ns,  for  instance,  from  a  heated,  over- 
crowded hall  or  street  car.  The  air  of  the  Arctic  regions  contains  Imt 
little  "idor,  on  iwxronnl  of  the  jdjsence  of  bodies  which  give  riw  to  odors, 
and  the  proximity  of  any  sminy  of  snu-ll  is  noticed  ((uiekly.  Tbc  ex- 
plorer Xanseu'  speaks  of  the  pervjidinR  smell  of  Miap  which  he  noticed 
when,  after  nioii(li!>  of  vtandering,  be  met  Jackson,  who  had  been  housed 
mmfortJibly  with  all  the  common  nwt'jwitie!*  of  man. 

While  air  is  a  mixture  of  gases,  it  is  one  of  tolerably  constant  com- 
position, pjirticnhrly  in  the  caw  of  its  chief  couHtitiient,  nitrogen. 
I'nder  the  conditions  of  life,  the  mort'  inijmrtant.  but  less  abundant 
cli-ment,  oxygen  is  subject  to  more  or  less*  variali<)n.  In  the  presenw 
of  vqjetablc  life,  particularly  by  day,  it  is  increiiswl  HlightJy ;  in  the 
presence  of  animal  liti?,  il  is  diniinishi-d  nioi-e  or  Ici«, 


OXYGEN. 

The  normal  amount  of  oxygen  is  staled  usually  at  Just  below  21  per 
cent,  by  volume.  A.  Ix-duc  gives  it  lit  cxiiclly  21,  with  78, OG  of  nitro- 
gen and  0.fl4  of  at^on.  PiflTerent  observers  liavc  re[K>rt*'d  tbc  follow- 
ing as  averages  of  lai^-  numbers  of  aniilysC-H  of  pure  outdoor  air : 

20.99 Bcotlond. 

2a08 -    .    ,        .    ,  tVollnnil. 

•iM*  ...                                                                 .            .  S««tpn. 

20,112  Fnint-c. 

'20.9* .  (WTmnny. 

2(l.!'-'  .               -    -  Norwaj. 

•i0.9r> Knulaiul. 

2a88 Ohio. 

■  Vanbwt  Nurtti.  Vol,  II..  )i  539. 
Ill 
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Tiie  mean  of  a  iiimiljcr  of  uiialyH««  by  BuiitWD  was  30.924  by  \-oliiiiif, 
mid  (if  «  Ijuiidnil  m  I'ur'iH  liy  Rtigmmlt,  20.9(iO.  i^'or  the  §ake  of 
conv<ini('H(i',  wi-  iiiiiy  iliiin-ffsinl  tin-  wry  jjighl  <iifrcrciiiv  iH'twii-ii  21 
and  iho  figtii'pB  obtained  by  exact  aiialyi-w,  a  diHei-einx?  in  tbc  wvLind 
(ilan!  i}(  (kriiiml-s,  hik)  iuriH'|it  21  a!<  ii  iioruiiil.  At  (;mit  hci^hi.i,  the 
|iropartioi)  of  osYgcn  U  lens  than  nt  the  surface.  For  iii»tauw,  uu  the 
K:iiilh<irii,  ill  Swltzt-rland,  20.77  lin.i  Uh'h  olwrvitl  as  the  nwau  nf  a 
Dumber  iif  dctermi  nut  ions.  Uiider  wrtaiu  fiinditioii^s,  tbtTt-  'if  very 
.sliglitly  tnoro  than  21  jmrls  ;  for  iiistanoe,  in  tim  immediate  vicinity  of 
vcptotion,  especially  by  day,  tlicrt-  nitiy  bt-  an  vtwwf  uf  "xygrn,  but 
it  is  vciT  ttniall ;  sea  air,  taken  in  mid-o(*an,  had  yielded  21.5y,  but 
oniinarily  <-iiiit;iini(  Wm  limn  21.  It  is  \iv,  by  very  sinall  fnn-liimK, 
in  the  atrects  of  cities  than  in  the  open  couutry.  nnd  in  towns  than 
lit  aeii. 

Oxygen  is  the  element  in  nir  that  mipports  all  life.  It  it  consl^ititly 
U*inp  withdrawn  fii>ni  the  air  in  th«  jinx-esa  of  respiration,  and  is  re- 
tmned  to  it  in  clRinicid  iiiiioii  with  rarlwn  iw  eiirbon  diuxide.  Tlii*  i* 
absorU^l  by  vigt'ialion  and  split  nji,  rite  i^irlnin  Iteing  retained,  and  the 
oxypcn  lor  the  most  part  Meujted  and  n-lnriui!  tn  the  air,  Tlmn,  the 
processes  of  animal  and  vegetable  life  combine  to  maintain  the  equilib- 
riiiTii, 

All  animals  do  not  breathe  in  tlie  same  de^^ree ;  binls  have  the 
mn^t  iictivt'  n-spinition,  and  next  conn?  maninials ;  mid  all  eonsiniii; 
more  oxygen  when  active  than  when  asleep. 

Oxygen  is  ("jwontinl  to  the  p-niiiimtion  nf  seeds,  and  to  the  growth 
of  plants.  Although  plant.s  take  np  carlioti  dioxide  and  cxlude  oxygen, 
they  also  bn^athc  as  do  animals,  absmbing  the  tatltr  and  exhaling  tho 
fonncr.  Kv^'ti  the  anaerubie  orpuiisms  consume  oxygen,  jilthoiigh 
living  where  air  is  Planting,  fur  they  split  up  combinations  of  oxygen 
and  other  clcmcnla.  Thii",  in  dilute  sugar  ^ohltion!<  they  withdraw 
some  of  the  oxygen  and  split  up  tbe  sugar  into  carbon  dioxide  and 
alcohol. 

For  Kiistainiiig  iinimal  life,  it  is  essential  that  the  air  sh-.ill  contain 
not  far  from  the  normal  amount  of  oxygen ;  tlial  Is  that  it  >li:iil  l>u 
114-ithcr  much  diminisluil  nor  yet  over-rich  in  that  element.  Unman 
life  is  impi^issible  in  air  which  contains  bnl  fonr-fifHis  of  ihi*  normal 
aiTioiint,  and  eipiiilly  so  in  an  artificial  utmiwpherc  containing  materially 
more  than  the  Donnal. 

In  man  and  animals,  the  tiKiinei>  <hi  trnt.  rewivc  oxvgvn  in  the  frt* 
coiidiliim,  for  when  the  air  is  inspiretl,  the  oxygen  Ls  taken  up  by  tlie 
red  blood  coriMlscles  ami  nnite.'*  with  tin-  tiivniuglobin  U<  form  uii  un- 
stable i\^m)M>iiiid,  oxyhicmoglobin,  which,  as  the  IjIoikI  circulates  through 
the  lisBUcif,  is  decomjKJsitl :  the  oxygen  i.-  then  tjiki'U  up  by  the  oells, 
and  eventually  reliiriietl  to  the  1i1i"m1  in  the  form  r>f  carbon  dioxide,  ami 
diniiiintc<I  as  such  fnini  the  body.  In  an  artilieial  atmosphere  con- 
taining an  exocssivc!  amount  of  oxygi-n,  th<-  Im-moglobin  lK^-om<«  i«1- 
nrateil  witli  llie  gii".  part  of  which  becomes  dissolved  in  the  blood  serum, 
and  then  acts  as  a  poison  tu  tlH*  tisaw^  and  ditsinivii  tlieiu. 
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Inspired  air  loses  about  a  fourth  of  its  osygen,  and  is  retiirnetl  to 
tilt;  aliiitKijiliiTi-  mil  in  iiii[>iirity  ;  but  dimixion  ocnir!!  m>  rH])kUy  that 
tlif  atJHOJsphen-  of  n  lliickly  w.'tllMl  city  show^  iiu  vtry  material  \'aria- 
tion  IVom  tliat  of  tlu'  ojN^n  onuutry. 

Tlif  hiiips  an-  never  filled  willi  pure  air  afu-r  tlie  firet  rc^|nriui»n 
at  birth,  siiici-  thoy  are  never  wholly  emptied,  aud  they  eftn.-t'ijiit-iitly 
eoiituin  an  iiiijiure  residue  nf  air  iillcr  eaeh  expinitiuii.  The  upper 
part  of  the  reK|»init(>rj-  trai-t  is  the  only  iwrt  that  reeeix-es  strictly  j)ure 
air.  Pn>fe:iA<>r  Kieliet  has  di-.tiinnslmtcd  ihiit,  if  tlie  n'.-<|iinitory  tract 
be  Icnptheued  artilieiidly  by  ineans  of  a  rublxT  tube,  pure  air  will  never 
ntu-h  even  th<'  up]H-r  air-iM-isii^h,  and  the  animal  will  die  of  a.-<phyxia. 

The  aaionut  of  "xypeu  slxiorbiil  varies  with  age,  ctuiditiou  of  health, 
and  activity.  ,'leeoi'din)(  t«  I'l-ofessfn-  l-'oster,  an  avenigi'  person  inbiileft 
in  24  liount  iibont  31  pmindi^  of  uir,  which  eorixi'iioiid^  to  a  little  more 
than  7  ponnd!^  of  osygeu  ;  and  as  the  lun^  aUairb  almut  a  fourth  of 
the  oxvf^i-ii  inliulitl,  it  »[>))euri<  tbut  the  avcragf  amount  of  oxy(;uu 
absorbed  daily  is  nearly  2  poiiuds. 


NITROGEN. 

The  principal  tionrtitueut  of  the  air,  nitrogen,  takes  no  iwrt  in 
reHpiratioa,  and  is  not  increased  in  espimi  air;  but  althon^h  it  is 
iiiditlV'n^'iit  and  int'rt,  it  ix,  nevcrthelew..  by  no  niun).'<  unim|M>rtaiit. 
In  the  lir.-t  plaet-,  it  serves  lo  dilute  the  oxygen,  wi  that  the  luitur  is 
rc«pirable;  and  in  the  wnnul  place,  it  plays  im  inijmrtunt  |Miri  in  the 
growth  of  pluiita,  the  original  boui-ce  of  all  nitrogt-noiiii  fixid,  for  that 
which  wc  consume  in  llie  lorni  of  nit-at  h  fntm  aniniaU  lliitt  huve  bnilt 
up  their  tissues  from  vegetable  i'lMxl.  As  a  diluent  of  oxygen,  it  serve* 
to  prevent  too  gmil  activity  of  that  I'leuii-nl,  which  ciinnul  hi'  brciithcd 
with  impunity  for  any  length  of  time  when  present  in  mi  atmosphere 
to  a  greater  i-xlcnt  tlinn  its  normal  amount. 

How  nitrogen  is  absorbed  by  pIuiiCs,  %ve  know  only  in  pari.  Ccrtiun 
low  forms  (nivcelia,  etc.)  st^'m  to  absorb  it  directlv  fi'om  the  atniiis|(here 
when  cxpiviil  IViflv  to  light  luid  air.  Siiinc  of  the  higher  forms  ({htii», 
beans,  clover,  etc.)  acipiire  it  through  the  agency  of  certain  micro- 
oiyiiniiMiin  uhii-h  are  pri-sent  in  niHliiIvs  in  tlieir  rool.'t,  and  without  whicK 
tbe}' will  not  thrive.  These  miert)-orgamKin»  tiikc  llic  nitrogen  from 
the  atmosphere  iind  give  it  in  some  f-irni  to  the  plants.  That  this  is 
no,  is  pivA'iil  bv  the  l:K'r  that  the  (ilanls  will  tbrivi'  in  ii  soil  ijitile  free 
from  nitDigeu  (in  clean  i^and,  lor  instance),  and  store  up  in  their  tiwoietl 
an  iinionni  of  niln>gi-ii  tUr  in  cjcti'n.'i  of  tliiit  which  was  origin  ally  prffi- 
eiit  in  the  seeds,  providc'I  these  micro-organisms  are  prwcnt  iu  the 
niKliili-s  of  the  niots.  If  they  are  not  presi-nt,  tlie  plants  will  not 
thrive,  but  mav  be  niiKle  to  ilo  so  hv  the  applitntion  of  water  contniu- 
ing  cultures  of  the  organisms.  Of  the  doubtless  niany  Bpeciee  which 
can  fix  utmospberie  nitrogen,  or  which  »i<l  in  doing  xo,  the  Ibllowiug 
may  be  mentioned  :  B.  mfijathtrmm,  H.  fluoraicetu  Hqve/ariemf,  B,  pro- 
tewt  vutffnriit,  H.  buli/rietui,  II.  mt/txtda.  It.  maientfriciM  vulgahta. 


CASBOK  DIOXIDE  {CARBOyw  ACID). 
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On  (hi'  otbpr  liuiul,  ccrlain  ]il:iiitif,  grown  m  the  o|>eu  air  in  fmis 
ttn  Tmiu  iiitnigi'ii,  iiiul  (>n>t<-cu-<]  tVtim  receiving  nnimoiiia  niid  iiitnilivt 
fn-m  llii-  niiii,  will  kIiow  iii>  tnon-  nitnip.-ii  in  tlu-ir  whole  orRunissitidn 
im  nws  |>re»ein  in  tin-  »(h-c1h  iroiii  which  thev  i^prang.  The  siilijcot  is 
[iwwhiob  li9iJ!i  l«rn  iiivi^tlf^iUHl  Inil  [wirily,  nnd  tViUin;  n-M-iiHi  will 
|Aat>tlp»4  kIhiw  that,  under  uiitural  conditioiiH,  hII  pUiut  life  tiikei*  up 
in  Mimr  wiiy  nmro  <tr  loiw  niti-ogen  I'min  the  atiiioHpliciv,  iw  well  a-'*  I'nini 
utm^nous  c-umpouuda  In  the  M>il. 
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rp  lo  thi*  time  of  it«  iliMtivirv,  (he  element  arffon  woa  included 
irndi-r  nilnigt-n  in  th*-  lablfM  of  eiiai]>n^iuon  .if  the  air.  How  much  is 
tBMtil,  if*  n"t  vet  accunitelv  ilet('niii««il.  It  wii.*  clisenvwed  in  IKiM, 
PJ  Uinl  Itayh-igli  and  Professor  ltain«ay,  hy  wlioui  laU-r  it  was  csti- 

ilcJ  a»  eoiniNMlng  jiIkhh  O.l'i  jwr  nont.  of  ihc  atiiiuHjih«n>.  I^nhic 
(iv.s  irs  aniiMinl  art  0.!M,  nnd  SchlwfHiig  as  0.84.  It  i«  (|nile  ineit, 
1"!  oDitiit  Ih-  nuide  to  eimihtiie  with  iinv  other  (tleineiK.  iilthoii^h  it  lia.i 
Viv  «>iuhine<l  by  Berthdot  with  l)eiin.<nv  under  the  influence  of  electric 
tflargv. 

HYDROGEN. 

Afwnlinjt  to  tlw  vxlennive  rcswirelies  iif  .^i^ni)  Gantier,  Iiydroj^D 
i'lirv^eni  in  sn-a  air  and  other  pun- air  in  tiiir^^^-iaiitiimnnnt — ahoiit 
'■"1.',  pi-r  woU  It  is  W'lievwl  to  Ik?  due  to  i^His  fenueutative  pm.- 
"■",  nnd  to  be  contrihiitet)  also  bic  minem^P>ring)i  and  volcanoes. 
t^^iLH  kniiwa,  itn  pn»«n<!e  ia  devoid  of  t^anitiiry  iiii|)ortiinee. 

Olln-T  ■■lenient^,  as  kryition,  neon,  ami  ineiar^mn,  uUn  dif^wivercd  hy 
IV"f.-^i<>r  HuinMHV,  wironiiuu,  diwovered  hy  Nanni,  and  several  otlier:^ 
>f>  i[iterei<tin^  iwlely  from  a  purely  ecientitic  standpoint. 

CARBON  DIOXIDE  (CARBONIC  ACID). 

Ul  kir  eontuiiL'  carliou  diu\idi'  a"  a  coiit^tnnt  constituent.  The  nor- 
-  <\  ivtrrnp'  iiniotitit  in  pure  air  b  hnt^fR^htly  in  exivws  of  H  pnriK  in 
■  ""HI.  or  oNint  0.f>,"J  pc-r  eei)(,,aml  not  4  psirtw,  aif  commonly  ist^ateil, 
^-  lilllr  an  2.0;l,  ami  even  1.72,  has  l>een  nlwervcd  iu  the  air  on  mmin- 
•  ii-!i.|»,  al(lKiii<;h  p-m-mlly  we  exjicct  murt-  rather  than  It-"*  than  tti« 
"  'Tnitl  amount  ut  hi^h  elevationii, 

'  [irhiin  (Iiitxid«  is  a  result  of  oxidation  of  or|!tinio  matter,  Hn<l  nwe« 

«•  |)n.«-iiiv  in  llw  atiuoHphere  to  rei-pinition,  fennentation,  eomhustion, 

ud  i'Ik iiiimi    aetion   in  the  soil.      An    aveni|;e   njaii  exhali^  iilHitit  20 

in  an  liiuir,  and  veri-  nearly  a  kilofrrtim  in  a  day  :  women  exhale 

IUm]  i-hildrr-n  and  aged  [lersons  alill  less,     Tlu-  amount  exhaled  ia 

hy  miiHttilar  e-xertioii  and  dimiul^'hiit  by  n-Ht.     Hinin  ih'iicI  out 

f*r  in  pnt|x>rti*in  to  weiRht  than  other  animals.      The  ropiration  of 

lillixfu  nuil  millions  of  hunmn  iKringM  and  itniuml.-t  U  eoD.-ttanlly  throw- 
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ing  into  Uip  alnKH^pbt^rv  otuiDtlivt*  tons  of  tht'  gas ;  pvm'  ton  of  coal 
in  buniinjt  yields  more  thao  07,000  cubic  feet;  every  cubic  fcnrt  of 
emil  giifi  yields  iihoiil  double  iU  vnlimic ;  t-vvrv  |iniind  nf  uindU-  m-urly 
tlircc  times  its  wcljilit  (2. (till);  every  ga)lou  of  oil  and  kei-oHeiie.  and 
ever.'  |Hew  of  nvKxI  ii.-iil  ,-is  finl,  conlnlniti'!*  lU  [>ri>|iiin.iiiii.  Hngo 
voliimcit  iirv  wilt  forth  nuitiniially  by  tlif  soil  air,  whtcli  contnini-  it 
in  abundance,  and  by  mineral  springs,  the  watei*  of  wbieb  contain  it 
nndtT  ]>iv-.'*.*uri'.  ■  It  bus  lu'cii  o.itiniiitei]  tbtit,  from  nil  »ourw.*,  5,1100 
million  tons  are  disehai^il  annually  into  the  atmosphere.  It  is  sligluly 
more  abundant  In  eitii-j<  llmii  in  Ihe  iniinrry,  and  at  ni^lit  ihini  by  day. 
It  ii<  bigbc^t  in  amount  nt  a  given  lorjtiou  during  autumn,  and  lowest 
in  winter.  It  is  more,  abundant  inland  tliiin  on  the  (.imst.  It  inereai'eA 
stimrwhnt  ns  we  ttj«*iid  fruni  stw-lvvel — aeeording  to  S^lilagiutwcit,  up 
to  11,000  feet.  Its  ivnioval  fnini  the  alinosiilui-e  is  mostly  ihroiigji 
llie  iigeiK-y  of  growing  Vi'gt'tation,  but  niuteriallv  nUii  bv  iibsorption  by 
bodice  of  water,  which,  at  ordinan,-  tein])erature  and  pivssure,  will  take 
up  ita  own  volume  of  the  gas.  It  lin"  1kx-u  t^ileubiUil  tluit  the  oecaii 
eoutnius  about  ten  times  iis  much  as  the  whole  atmoi'phcre.  All  gri-en 
plautM  nlisM'b  it  by  day,  and  by  nn-anfl  of  tbeir  eblorniilnll  br<-ak  it  up 
into  ciirboii  anil  oxygen,  tlie  former  being  uwd  tn  building  tiwnr,  and 
tJie  latter  returned  to  the  air  as  a  waste  prnduel.  Thin  process  of  nutri- 
tion got^H  on  only  under  tbu  intlnenM-  of  light,  and  cont«e({Ucntly  by 
day ;  but  there  is  also  a  ivs]iir!itoiT  fiinL-tion  that  is  active  botli  tiny 
and  niglii,  and  lia»  tlio  same  elfci-t  on  air  iv  that  of  Uie  nspinition  of 
animals;  namely,  the  consumption  of  owgen  and  discharge  of  car- 
bonic ni-id.  But  Ihc  rcxpirtitJiry  proec.-<.-<  lias  but  u  trivial  iuBncnee  in 
eoniparifion  with  the  cblorophyUtan  function.  It  is  esltiuated  that  an 
acre  uf  woiHlland  withdraw*  In  one  .-ieiwon  about  four  and  a  half  tons, 
retains  mure  than  one  and  one-firth  tons  uf  earlMin.  and  nttinjs  tlmv 
and  a  (iiiarler  tons  of  oxygen  to  the  air.  The  slight  iuereaw  at  night 
is  due  ^up^HKi-dly  in  [^mrt  to  iti<  vxhulnliuii  by  plant.H  in  their  respira- 
tion, and  also  to  currents  of  soil  air,  which  ascends  tis  soon  a^  the  air 
ot  the  .■«nrl;iei'  In'f'ome.i  ivilder,  and  consequently  heavier,  than  itself. 
During  the  day,  the  stnl  air  is  e<iidcr  ami   remaiu.->  .-tHli<mar\'. 

Carbon  dioxide  is  a  heavy  gas.  iucApable  of  supporting  (H)nibu»tion 
or  respiration,  and  ser%'lng  no  n--efnl  pnrjMisc  in  animal  li^nucs.  It 
constitutes  about  4  per  cent,  of  expired  air,  in  which  it  ii*  an  excretion 
of  the  IiikIv.  It  ix  in  itself  inert,  and  inc.ipid>le  of  exerting  any  i>i>i- 
sonous  action,  but  will  eanm-  asjibyxia  when  prcx'nt  in  miHieiinl  amount 
to  interfere  with  the  atmospheric  oxygen  in  tlie  pcrfornmnec  of  its 
function. 

An  atmosphere  of  ivspiivd  air,  containtng  4  per  cent.,  of  carbon 
dioxiilc  and  alxnit  1  fi  per  eiiit,  of  oxygen,  will  not  BUp)mrt  life  longi-r  than 
a  short  lime,  since  the  blood  cannot  gi-l  snflieient  nsygni  for  ibe  needs 
of  the  cells  and  tiwiues,  and,  in  addition,  cannot  r'n\  itself  ot  its  ('(-^j. 
Gas  exchange  bctwci-n  the  WimkI  and  iu>pind  air  dejtends  u])on  the 
ten.«ion  of  the  ga^  in  both  media,  and,  therefore,  as  scmiii  as  the  tension 
of  Ihe  OO,  in  tlw  atnio.-<phere  exceeds  thai  of  the  CO,  of  the  blood,  the 
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blood  corpuscles  cannot  excrete  it,  but  must  retain  it.    Id  consequence, 
a^yiia  occurs. 

The  questiou  as  to  how  much  CX)j  is  [termissiblc  in  air,  haa  been  an- 
swered \-arioiisly.    We  aasume  3  parts  in  10,000  as  the  normal  amount, 
lod  all  in  excess  as  impurity  due  to  respiration  and  combustion.     A 
Mil  of  6  or  7  parts  in  10,000  is  rcgnrded  by  the  best  authorities  as 
tie  permissible  limit,  and  10  in  10,000  as  distinctly  hatinfiil.     When 
tbe  amount  reaches  10  parts  in  10,000,  the  air  begins  to  be  "close"  ; 
Mdwhen  it  reaches  15  in  10,000,  it  is  likely  to  cause  headache  in  thiise 
DoaccuHtomed  to  impure  air.     In  crowded  assembly  rooms,  as  churches, 
theatres,  and  schools,  the  amount  may  reach  100  parts  in  10,000  ;  and 
more  than  twice  as  much  has  been  found  in  a  Swiss  stable  crowded 
iridi  men  and  animals.     The  air  of  the  hall  in  which  the  German 
Poblic  Health  Society  (Deutfcher  Verein  fur  offentliche  Gesundheits- 
pdege)  met  in  Nurembei^  in  October,  1890,  contained  24.10  in  10,000 
at  the  beginning  of  one  of  the  addresses,  and  43.20  at  its  close. 

A  lai^  amount  of  carbon  dioxide  may  be  present  in  air  without 
producing  any  ill  effects,  if  there  is  plenty  of  oxygen  present.     Thus, 
fi^nanlt  and  Relset  have  proved  that  animals  can  live  in  a  mixture 
of  2.5  per  cent,  carbonic  acid,  30-40  per  cent,  oxygen,  and  nitrogen. 
It  has  been  held  generally  that  COj  up  to  20  :  10,000  is  in  itself 
Winless ;  that  the  dcleterioiLS  agents  in  polluted  air  are  organic  mat- 
Ins  thrown  off  by  the  skin  and  lungs  in  conipany  with  it ;  and  that  it 
wves  as  a  convenient  index  of  their  amount.     It  has  been  the  custom 
to  By,  "  Tbe  more  carbonic  acid  we  find,  the  more  oi^oie  matter  we 
■fcr."  These  poisonous  organic  matters,  however,  though  much  sought 
•fier,  have  never  been  isolated,  although  a  number  of  obser\'crs,  using 
■nlty  methods,  have  from  time  to  time  obtained  erroneous  results. 
iSk  subject  will  be  considered  farther  on. 

OZONE. 

Otone  is  a  normal  but  by  no  means  constant  constituent  of  the  air. 
"  i-  generally  absent  from  the  air  of  large  towns  and  cities,  and  is 
•wDost  never  present  in  the  air  of  an  inhabited  room  or  near  deconi- 
P*ing  matter.  It  is  found  in  minute  amounts  (maximum,  I  :  700,000) 
"  tbe  open  air  of  the  country  and  sea.  It  is  most  abundant  at  sea  and 
■Wwoods,  and  somewhat  more  abundant  on  mountains  than  iu  vallcv* 
*•!  on  plains.  It  is  more  abundant  in  the  uioniing  in  the  colder 
fwtha,  and  in  the  evening  during  hot  weather;  it  is  more  abim<hnit 
"winter  than  in  summer.  It  is  stated  that  it  is  mnst  ahuudiint  di- 
WIy  after  a  thunder-storm,  but  beyon<l  the  fact  that  it  is  j)rmhice*l  by 
■pa.'«age  of  the  electric  spark,  there  is  nothing  to  substantiate  this 
■tement.  As  a  matter  of  fact,  the  origin  of  o/one  iu  the  atmosphere 
■  BDlmown, 

Ojone  is  an  allotropic  form  of  oxygen,  consisting  of  molecules  con- 
*Biing  three  atoms  of  that  element.  It  has  been  hqnetii-d  under  grciit 
Ptvnre  (127  atmospheres),  and  in  that  condition,  and,  indee<l,  in  the 
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goMooii-i  fomi,  has  a  (3<H>{)-1)hic  i-'ilor.     tl  \»  ]]nKluce<l  by  th«  (nBHRgv  ' 
tin-  elcrtric  K|Hirk,  by  slciiv  nxklation  f>f  ])lioii|itinriii^,  iin<l  in  tlip  I'WlroU] 
ywin  of  water:  hut.  as  ba*  bt-cii   «tiil.  it*  uripiii  um  n  rmniwl  iNiiistiliiiiil 
<if  tbo  .ntmoRiibcrf  b.is  not  bct'n  ox]ilaiiip<l  sati-racmrily.    It  lia^  au  ixl^r 
Dot  unlike  that  nf  ()iiiitc<)  obtoriiic.     It  baw  vi-ry  Mnrnj;  tixidtxitif;  |N>w<-r, 
niiiHi  more  bo  than  oxy)2(.-n,  which  It  excrd»«s  nxM  iKlivcly  buth  on 
iiu-titlx  iind  1)11  orf^iiiic  nmttcr ;  bi-ii«'  its  al)!^^l1<<c  Irnm  tiu'  »ir  of  iahab- 
itc'l  nioiiKi  and  of  tl«rnwly  |M>fm])imi  nrtuiv,  cbuij^-*!  with  orfrmiii'  nialfaT 
iimi  ilii-l  lit'  nil  Srtrirt,  !-■•  losily  <-x|iliiiiijibli'.     To  thih  |>rn|K-rly,  irtt  diiiii- 
iinliiiti   in  niitnnin,  wbcii  (k-ciiiniHiottion  ])nKliii-i.''  an-  )^-iivniUi]  «k*I 
ai'tivfly,  may  pro)>cTly  be  attribiiiLtl.     Its  prvi-eiiw  in  tlie  air  of  «ny 
])lace  i"  fiiir  L-vi<K'iiiv  xf  frtttlmn  fruiii  oxldimbb'  nialtcn*. 

t>ifi>ne  lias  aii  exceedingly  irritating  eflect  on  the  rw-]iinit«r\'  mikwu" 
jiii'inbniiu-n,  and  ulii-n  inhahd  with  oxyj^'ii  in  the  pmjiortinn  of  1  part 
in  '240,  i|uickly  i>riMlui'CK  d»itli  in  nniiiiiiU  i^iibjwtMl  to  it.  It  l>  hr- 
lieved  to  exert  a  ]H'rni<?imi!s  intliienet:  in  inHammatory  condition!'  ol'ili' 
luii|r^  1111(1  broiKrhi,  even  when  prc-viit  in  nut  much  more,  if  »iiy,  tluD 
the  onlinan'  amnnnt  in  the  atnionfihere.  We  aetiially  know  lictlr  ur 
nothing  of  the  elVert.*  of  o/oiie  on  the  system  in  ibi-  iiininintKoixliniinlv 
l>res(-nt  in  iiir,  bnt  the  absurdity  uf  the  exprewtion  »o  ofteu  n^^'l.tlail 
oiie  liiis  "  gone  to  breathe  the  pure  oxone  "  at  a  bcnith  resort  is  luiiiiif"^'- 

Fer0Xid«  of  Hydrogen  flip.)  U  believetl  to  exist  in  Biimile 
traivs  in  thf  utniosplnre,  and  t*i  exert  SOim;  iliillieuov  t»  the  prociwiof 
oxidation. 

AMMONU. 

Ammonia  i»  constantly  prtwnl  in  the  air  in  vt*rj"  (■light  tnwx*.  " 
cxiiitt;  in  the  free  state  and  in  eitmbinntJon  as  nitrate  and  carboiuto 
Daily  aiiulvM^  of  ibc  air  nt  Mi)iilffonri.«  for  live  yuirs  giive  a"  h  nml 
lor  ammonia  2.2  milligrams  jjcr  HKl  cubic  nictere.  It  provei!  U<  I* 
highest  in  amount  in  .-ininnu'r  nnd  towcsi  in  wtnttT.  It  j?  di(nmi*)i'*' 
ill  niiny  wtiitber,  luruuMi'  it  is  «ln-orbiit  by  the  rain  during  jHwagp 
thnmgh  the  aim'i^phei'e;  it  is  inereiv.'Hil  with  rLning  teiu|M-Ritim-  •"f"' 
time  atK-r  rain  has  ntxxisi  falling,  A»  it  is  one  of  the  pr^Hhicis  >^ 
deeom|)ositiou  of  nitrogenous  organic  matliT.  pt>rhaj>s  nowherr  iii"'* 
olwrvablc  than  in  fllal>li-s,  when'  it  is  pluinly  |M-nvjitible  to  lh>-  «■"* 
of  snifll,  it  is  huriUy  necwusuij"  to  point  out  that  ita  sourwes  are  vnrioo* 
and  innumcmble. 


NITROGEN  ACIDS. 

Nitrous  and  nitrii-  actils  ari'  nUo  |ir*^^scnl  in  -imall  traces,  due  in  pit 
ti>  the  union  of  atmospheric  oxyj;en  ami  tiitrogt-n  through  tin-  agen 
of  elwtri^'jd  disehaiyii«,  and  i»  jxiil  to  (he  ii«tioii  of  ozone  on  anmioui*' 
Nitric  aci<i  IS  foun<l  in  i>om)inml!\'c  abundance  in  lHiiIdin)r<  liahml  l»3^ 
means  of  the  arc  light,  but  it  is  not  prolial>le  that  the  amount  prwnif^ 
Is  of  Hniitan-  im[iortaiK'e. 
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AQUEOUS  VAPOR. 

Aqoeous  vapor  is  a  normal  coDBtituent  which  occurs  Id  variable 
imooDts,  infiuenced  by  a  number  of  nutiiral  conditions,  the  chief  of 
vhicii  is  the  temperature.  It  is  an  invisible  giis,  lighter  than  air  and 
vtri'  unequally  diffused.  Its  sources  are  numerous  ;  some  comes  from 
tile  evaporation  of  water,  some  from  soil  mowture,  some  from  the 
fangs  and  skin  of  animals  and  man,  some  from  the  leaives  of  growing 
pbnta,  some  from  combustion.  Indoors,  a  considerable  amount  k  com- 
lumirated  to  the  air  through  the  conibutition  of  illuminantH. 

Aorording  to  Professor  Foster,  an  adtdt  man  give*  oif,  under  ordi- 
nrily  fuvornble  conditious,  about  4  pounds  of  watery  vapor  fn>m  the 
tkra  and  lungs  during  twenty-four  hount ;  2}  [MHin'ls  by  the  skin,  and 
lie  remainder  (Pettenkofer  and  Voit  say  10  ounces)  by  the  lungs.     An 
■dolt  healthy  tree  of  fair  size  gives  off  an  amount  which  in  enormous  in 
fMnparUon,     The  amount  of  water  exhulcd  by  plants  has  been  esti- 
mated by  Hellriegel  to  vary  from  250  to  400  times  the  weight  of  the 
dty  organic  matter  formed  during  the  same  time,  which  means  that 
dnring  the  growth  of  each  ton  of  green  grass  or  leaves  of  any  kind, 
there  have  been  exhaled  therefrom  many  tons  of  water,  and  that  in  the 
pndnction  of  each  pound  of  dry  matter,  an  average  of  325  pounds  of 
nter  has  been  discharged.    The  evaporation  of  water  from  foliage  has, 
■aong  other  important  functions,  that  of  keeping  the  temperature  be- 
low the  point  where  the  vital  processes  would  be  interfered  with. 

The  amount  of  aqueous  vapor  which  a  volume  of  air  will  absorb  and 
M»in  depends  on  the  temperature.  For  each  d^ree  of  temperature,  a 
Tolome  of  air  can  take  up  a  definite  amount  of  vapor,  and  no  more; 
•ml  when  it  baa  taken  up  this  amount  it  is  said  to  be  "  sat^irated." 
^  higher  the  temperature,  the  greater  the  amount  it  can  hold ;  and 
We  when  a  volume  of  air  completely  saturated  is  subjected  to  a 
dinge  in  temperature,  one  of  two  things  will  occur :  if  the  temperature 
^increased,  it  can  take  up  more  vapor,  and  hence  is  no  longer  saturated  ; 
B  it  is  diminished,  the  aqueous  vapor  Is  in  excess  of  the  amount  re- 
^•ired  for  saturation  at  the  new  temperatiire,  and  the  exo&m  will  he 
VMdensed  and  precipitated  as  moisture.  At  0°  C,  a  volume  of  air 
'""'  "P  xiir  **^  '^^  weight  of  aqueous  vapor  ;  iit  15°,  it  takes  up  twice 
*  ranch ;  at  30°,  four  times,  at  45°,  eight  times,  and  at  60°,  sixteen 
taes  as  much.  Thus  it  appears  that,  with  onch  increase  of  15°  C.  in 
taperatnre,  the  cajxicitj-  for  aqueous  vapor  is  doubled.  At  1 5°  0. 
(59°  F.),  a  cubic  foot  of  air  will  hold  nearlv  6  grains  of  water  vapor  ; 
*30«  C  («6°  F.)  it  will  hold  twice  as  much. 
Eraporation  cannot  go  on  when  the  surriiunding  air  i«  saturate*! ; 
•trfore,  the  presence  of  a  body  of  Wiiter  will  add  nothing  to  a  ,«atu- 
*d  atmosphere.  But  plants  and  animals  can  continue  to  give  off 
•  wpor  to  an  already  sattiratid  atmosphere,  which,  however,  eon- 
■"w  and  deposits  the  excess  at  once,  perhajw  on  the  \'ery  surfiiro 
•we  it  is  originated,  as  on  the  leaf  of  a  tree  or  <m  the  skin  of  man. 
iw  difference   between   evaporation  and   transpiration,  which   is  the 
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proper  term  for  the  giving  off  nf  %'api)r  hv  »nimah  and  plants,  is  that 
the  Olio  i.*  nu-rclj-  ]))i_vi'i(»il,  while  thv  otht-r  i»  n  viljii  prtwces  <ltir  to  thw 
aclirin  of  liviti^  cellK 

'fhe  rato  ot"  eliminitlion  of  water  l»y  ibc  InhIj-  in  n  Mate  of  nM  di— 
|K-tiilK  iiptiii  till.'  ainmint  of  hiiTiiiiiity  prpwiit  in  thp  air.  Determina- 
tions bv  Riibi](vr  and  von  Irt'\va-->(-licw '  ili-nion^tr.itt'd  tin-  grml  inllii- 
enw  of  linmiilily  in  thi."  [wrlit'iiliir.  At  lo"  C  in  moiirt  air,  the  iljiily 
elimination  Ml  to  '2H')  grams,  while  in  dry  air  at  the  same  ti-nii^ralni-e 
it  rose  to  871.  Tin-  nil<'  riiuw  with  tlie  ti-nipi'r.itnrc  in  botii  iiinist 
and  dry  air,  and  the  more  promptly,  ihe  gi-ejiler  the  dryness,  Tlie 
outer  air  contains  eommotdy  fnirn  (>0  in  "'>  i>i-r  n-iit.  iit'  the  anmiint. 
mrw«iiry  for  ^atonition.  In  some  plaws  liote<l  for  the  dryness  of 
the  air,  the  amount  is  nineh  liolnw  ;  in  ntlien^,  wliere  the  opfioititc  i»  th« 
case,  it  in  above, 

Kelative  humidity  is  tin-  degiii-  nf  nppninrh  to  hatnralion  ai  any 
given  [enijN'ninire.  Tim*,  ■•  relative  linmidity  MO"  means  tlmt  at  rhc 
observed  temperature,  the  air  holds  but  80  yior  cent,  of  the  amount 
whii'h  it  <an  t«kv  up.  Absolute  hnmidity  if  the  uettiid  weight  of  moit»t- 
ure  in  «  given  air  spaee. 

Aqueous  \apor  exerts  a  nuwt  iitipcirlant  iiiflnenee.  By  day,  it  nl>- 
w)rhs  inirt  of  tlie  sun's  heat  and  temi»rt-  it ;  hy  night,  it  aets  as  a  pn>- 
lecting  blanket  in  the  earth  by  pivventiiig  too  great  toss  of  heat  by 
radiation.  At  night,  the  earth  gives  up  part  of  the  heat  whieh  it  has 
absorbed  during  the  day;  and  when  the  air  is  veiy  dry  and  the  sky 
verj'  elear,  the  tem|ieralure  falls  much  more  than  when  theit-  i*  more 
vajMir  pi-eseiit  ti'  |in-vi'iit  bins  by  nidiation.  In  llie  Sihara,  afttr  ihe 
hottest  days,  the  nights  are  generally  verj'  eool,  the  teni|>«Tatnn'  (nil* 
ing  .■"omelime!"  ;tn  to  40  dejrree.-"  C  in  a  few  hours.  At  high  altitudes 
also,  where  the  blanket  of  vapor  is  ihin,  th<-  fall  in  tiniju-niluii-  at 
night  is  ver\'  niai-kwl.  Absemt?  of  aqneoun  vai)or  permits  the  eooljitg 
piiK'e^s  t")  Ijegtii  a*  soon  af  the  :<iin  gels  low,  and  ice  may  form  in  a 
&w  hours  where,  during  the  day,  the  sun's  heat  had  been  intolerable. 
Thif  is  seen  in  tin-  gri^it  deserts  and  at  high  attitudes. 

It  is  noticed  eommonly  that  the  lirst  fnwlii  of  autumn  nnd  t]i0sc 
whieh  eonii'  occasional ly  in  tlie  middh-  and  later  [Mtrts  of  spring  occnr 
only  on  very  clear  uightf-  with  low  huniidity. 

An  amount  of  watery  vapor  approaching  saturation  gives  rise  to  di«- 
wmfort,  whether  the  temiK-mture  l«'  high  or  low.  The  ".iticky"  days 
of  summer  and  the  ''  raw  ''  ones  of  winter  owe  their  ilisagrei'ablencs!* 
to  thiir  high  ri'tiilivi-  bnini<lity.  In  a.  Iiot  sjitnnitcd  atmosphere,  while 
tram- pi  ration  ean  priw-eed,  evaporation  cannot,  and  hence  the  eooling 
influence  of  ex-aporalion  is  lui.'oiing.  The  sweat  stays  on  the  skin  in 
the  li<L]uid  form  in«t(^d  of  puissing  into  the  air  as  a  \Tipor,  and  the  word 
'■  sticky"  becomes  singuUirly  appro|iriate.  On  the  other  hnnd,  wJlh 
low  iiiuniditv  an<l  high  ti-m|ifnilnr[<,  the  sweat  <loeN  not  condense  and 
remain  ou  the  skin,  but  passes  into  the  nir,  and  tninffpiration  h  nut 
impelled  in  the  hing».  Hence  the  gnat  bcitmbility  of  dry  beat  as 
■  AreJiiT  fiir  UTgicDP,  XXIX.,  p.  I. 
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ompared  with  moist.  Saturation  at  low  temperature  has  as  great,  i^ 
aot  greater,  influence  on  bodily  comfort.  It  does  not  follow  that  since 
one  Ms  the  heat  more  acutely  with  high  relative  humidity,  this  condi- 
tion will  enable  one  to  withstand  the  opposite  discomfort  of  cold. 
Indeed,  the  reverse  is  tme.  At  low  temperatures,  saturated  air  causes 
(greater  withdrawal  of  heat  than  dry  air,  and  intensifieH  the  sensation 
of  cold ;  for  moist  air  is  a  much  better  heat  conductor.  Cold  dry  air 
is  much  more  comfortable  than  air  some  (legree.i  warmer  but  materially 
Bioist  In  the  very  cold  climate  of  eastern  Siberia,  the  air  is  so  dry 
lliat  50°  to  60°  below  zero  F.  is  no  hardship,  provided  one  wears  com- 
pletely dry  clothing,  while  with  moist  clothing  one  would  perish  in  a 
verj  short  time.  Some  parts  of  Siberia  are  both  cold  and  damp,  and 
beiice  uninhabitable.  Atmospheric  moisture  has,  therefore,  directly 
(^^ite  eiTects ;  it  intensilies  the  effects  of  heat  and  also  those  of  cold. 


DUST  ASD  HICBO-OBaAKISHS. 

Another  normal  constituent  of  the  atmosphere — one  of  enormous 
importance — is  dust;  normal,  because  it  is  everywhere  in  the  atmos- 
l^ere,  and  because  a  perfectly  dnstless  air  is  an  artificial  product  obtained 
only  with  the  observance  of  great  care.  The  individual  particles  are 
Very  small,  but  at  the  same  time  very  variable  in  size,  ranging  from 
those  plainly  discernible  to  the  naked  eye,  to  those  of  extreme  minute- 

Dost  is  organic  and  mineral,  and  has  its  origin  in  countless  processes. 
It  includes  particles  of  animal  matter,  vegetable  substances  of  every 
nnd  including  bacteria  and  moulds,  sea  salt,  matters  swept  from  the 
»il  by  the  action  of  winds,  those  dischai^-d  by  volcanoes,'  others  from 
nxDufacturing  establishments,  from  chimneys,  and  from  the  millions 
rf  meteorites  which  daily  fall  from  inteq)Ianetary  space.  The  ordi- 
oht  combustion  of  illuminating  gas  yields  millions  and  millions  of 
pwtides  of  carbon  for  every  individual  cubic  foot. 

Organic  dust  exists  only  in  the  lower  strata  of  the  atmosphere,  but 
IW  of  mineral  origin  is  everywhere.  Micro-oi^nisms  are  very 
•bundant  in  the  air  of  inhabited  rooms, and  in  general  in  that  of  timiis 
•"deities,  less  abundant  in  the  countr}',  and  l«ist  at  gn-at  heights  and 
«sca.  Ex|>criment8  have  shown  that  at  an  elevation  above  (>,.'100  iWt 
Mt  air  is  free  from  them.  Pasteur  expoR-^l  a  large  nunilwr  of  fla.^^ks 
rf  troth  at  an  altitude  of  6,00<)  feet,  and  obtaine<l  a  growth  in  hut  one, 
'yndall  exposed  27  flasks  at  8,000  feet,  and  got  im  growth  whatever, 
W-Fiwher*  has  shown  that  on  the  m'ean,  120  miles  from  land,  tlie  air 
■Osnallv  free  from  organisms,  and  that  at  lesser  distanfcs — !I0  niilcs, 
waample — it  contains  but  few. 

The  air  of  cities  contains  thousands  in  every  cubic  meter,  agiiiust 

Alter  the  prest  eruption  in  Java  in  18H/),  n  liazc  uf  oilrpinelv  fine  parlirlcM  of 
W«,  cMimated  to  be  from  seven  to  mure  (han  Iwt'ntj  miles  above  the  earth,  was 
lAle  in  all  parU  of  the  world  for  iwrersl  months. 
'ZdlKlirUt  fur  Hjgieue,  I.,  p.  410. 
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less  than  a  hnndrei:!  in  the  wimp  vohimp  of  coiintri'  air.  It  has  been 
fuK-iibiUHl  that,  ill  di'iiM-ly  jh>{>iiI;ii<'(I  pliitiv,  MH•\^  »:•  Ijoutitm  hikI  Miui- 
chcj^tcr,  uti  imliviihiiil  tnhuli.'^  in  thi;  voudml'  of  un  hour  upward  of 
4,0(10,000  of  ^rms  and  s|>i>rft*.  Ilut  thifl  figure  is  enormously  in  r-\(!»*» 
of  ihc  lipnrf  pivcTi  hv  KHigjrc,'  wlio  cslimHtiw  liiiit  in  M-vcntv  years 
nmn  may  iuhale  2^1,000,000  hactcrin,  which,  he  wiy>,  is  altnui  wh^t  cmel 
swallows  ill  2."i  c'c.  of  onliiijirv  milk. 

The  number  of  bacttriii  in  air  i*  inttueiiced  von,'  preatly  by  drj'  winds 
anil  ii<)neoiis  vaiw>r.  The  fnmier,  sweeping  ihern  up  fniiii  ihf  xiirriicc, 
inc'iiii-si"' liicir  iiiiinlR-r;  thf  latlvr,  hy  iNUHk-rfing  on  them  and  on  ihe 
<!ii"t  parlieleti  to  which  they  adhere,  caii^B  iheiii  to  fall  lo  the  ground. 
They  are  wiishe<)  out  tif  the  nir  bv  Riln,  aiicl  nrc  killi.il  bv  long  expin'iin,' 
to  bright  suii!^hine.  Mould;^,  on  the  other  liaml.  have  been  observed  by 
Miipiel  to  inereuM'  rapidly  allor  a  niiiistiirni,  »nd  ro  lie  miirh  IcMt 
alfivteil  hy   witidB. 

The  average  iiunilier  of  oi^nism.«  fnuiid  at  Monlwmris  in  tin  inve*- 
tjgatiuti  which  liutcd  six  yeiirs  wait  4o-">  jtor  cubic  nider.     The  lowwt 

results  were  observed  in  Fehniary  and  (lie 
high(9it  in  July,  niiring  ttio  i«inc  |K'riiMl, 
the  mimher  in  the  air  at  the  center  of  I'arLs 
was  ;t, 1)10;  thi- siiiiilh'.-i  figiin-s  wcrryichlwl 
in  Januarj'  and  the  high<?»-t  in  May. 

AH  org-.misms  are  les-s  nnnifmu."  in  the  air 
at  night,  Kinw  then  there  ix  Ic.-w  tiieclianiwd 
disturbance  of  the  <«nliV  siirfatv. 

While  the  mimbcr  of  Imelerin  in  oiitdwir 
air  may  be  fairly  high,  it  should  l«?  br>mG  in 
mind  that  the  niiijority  of  Ihcni  arc  of  the 
harmless  variefiw,  and  that  the  [Kithogenio 
kinds  etiiistitiile  only  an  hilinitisimal  pro- 
portion. 

Du.4t,  as  has  Sepii  said,  is  of  enormous  im- 
portance. Without  it  theiY'wt)u!d  W  no  ntiii, 
no  fog,  no  elouds;  the  air  would  be  siitu- 
nited  with  moisture,  and  i-vcry  objtt-t  would 
be  tMniinually  wet. 

DiiM  is  largely  liygroseopie,  an<l,  (here- 
fore,  altraets  the  watery  vapor  of  tlie  atniuf^ 
plKTc,  thii.»  l)econiing  the  mideus  for  a  drop 

it(»  prewiicc  iii  the  air,  the  aqueous  vajwr 
would  GondenM!  withont  rain  on  overy  tree  and  plunl,  eveiy  rook, 
pvery  dwelling,  every  living  cruitiim,  and,  in  short,  on  ewry  object  lo 
which  air  has  access. 

That  atninspherio  dii«l  is  neeess-ii-y  for  the  piiKliiction  of  liiin  and 
fog,  mav  Iw  ileraonstmtcil  ver%'  sitnpU'  liy  conih-nslng  moisturi'  from  a 
aaturatod  atmosphere  thnnigh  lowering  of  the  tem])eniture,  »ui\  iH>ting 
'  Urundria  <lcr  Ily^ieue,  1607, 
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what  oocurfi  when  diist  is  present  or  absent.  Fur  this  purpose,  n  simple 
ftp|wntuit  .iiic^li  a.'i  ia  iihuwn  in  Fig.  8  is  »11  ihal  ii^  mgiiirpd.  This  oitn- 
siete  of  a  lar);«'  flusk  fitted  wttli  ;i  niMxT  ^topfK-r,  thn>iiir)i  nlijcli  {la^s 
two  pitia-n  of  glaM  Uibing,  to  tliL>  free  endti  of  which  pk-cpti  of  ruhlxT 
tiihin^  with  i>mcIiix>cW»  arc  nttm-licil.  Tin-  yliL^s  luhtw  pniject  iH-viml 
the  shnuKltT  iiuu  the  Itody  of  thi-  tlnek.  If  we  pour  into  the  flsisk  :in 
jiuiount  of  wiiU-r  nithiT  ninn-  lluin  .'■iittli-it-iit  to  lill  tin-  lurk  ulii-n  the 
rt;i.-k  in  bivfiled  wiili  the  htopjier  in  popitinn,  Wf  have  the  conditions 
nwcssiry  for  oirii|ili-lo  sjtiunition  of'tht-  ctinlimtl  air  with  wali'ry  vainir. 
If  now  we  withdraw  by  suction  through  "uc  of  the  nibKcr  tiiijcs  n 
sninll  amoiHit  of  (lie  cnnLiinfd  air,  the  tfjupcnitun^  tiills  at  once;  and 
inasmuch  xis  the  air  within  is  ahtwiy  MiUinit'Lii,  and  mihi*  tiie  lowcrinj; 
of  the  ti-jn}iinitiirf  of  a  .■sitiiratcil  aimo^-phero  is  :itoi>mpaniul  by  cun- 
densalion  of  i^wirt  of  its  moUliirc,  siioh  a  t^ondeiisiition  iHi-nrn  wifhiii  the 
fla.-d<,  and  w  imiiiiftwtixl  by  the  ibrniation  of  a  distinct  haze  which  fills 
tlic  whole  iiir  s|Micc,  If  next  wc  rciorc  thi;  ori);irial  piviwiiri-  hy  rnid- 
milting  Miflieiont  air  to  abolish  the  juirtial  riicunni,  the  mist  disapjKiirs 
in>1iinllv.  TIk-  prodiicfiyn  :ind  dissi|Mi(iiJii  of  tin-  niL-il  ("Idud  may  Im* 
repeated  iadefinitely  so  long  as  nothing  is  done  tu  remove  llic  *hist  tnim 
ihv  air;  but  if  we  ww^h  the  utr  thiimiighly  by  shaking  the  tta»k  vigor- 
ously for  !i  few  minut^v,  and  then  rcpait  the  exjiLTimenl,  no  visible 
mii<t  U  product^. 

CARBON  MONOXIDE,  ETC. 

Other  matterfl  found  in  air  include,  under  certain  conditionH,  traees 
of  snlphiin'tliil  hydn^'ii,  .'•iilphnnius,  ^nlphiiric,  and  hv<lnK'h]orie  iieids, 
carbon  distilphide  from  rubber  factories,  marsh  gas,  cjirlwn  monoxide 
from  ilhiniiiiatii)^  ;pi«,  liimf-s  uf  xiiie,  arw'uie,  and  pho^plHims,  oi^nie 
viipury  fruiii  otl'eusive  trades,  and  other  gaseous  un<i  »oli<l  matters  too 
numerous  to  nitmtiou. 

The  most  iin|Mjrtunt  of  ihene  is  carbon  monoxide,  a  verv  |Hiwerfnl 
poison,  ot^en  present  in  the  air  of  iiihahitiii  i'i>i>oi'-  fi'iini  leaking  ^"as 
pipe'',  imjH'rli-iri  i^imilinstion  of  Illumirialing  gas,  iiiiii  ilelii-ls  in  hctiling 
appanitiis  fivl  with  lxniI.  It  is  yielded  in  gieat  abundance  by  huniing 
charroal,  and  is  giv<-ri  olT  in  small  aniounti^  from  stoves  of  «iflt  iron, 
which  niiili'riiil  in  a  reil-hnt  etmditiou  alisorhs  it  in  eiinsideruhle  amounts 
from  burning  eoal.  This  wa^  noticed  fii-st  by  I>r.  ('arret,'  of  (1ianil)<'-iT, 
whi>  deseriln-ii  an  ontbn-iik  of  siekiies^  trin-eil  by  bim  to  this  nuiso, 
I^ter,  this  pro[)erty  uf  cast  iron  was  cstablishod  l>evimd  a  douhi  by 
otfiers.  Another  hy  no  mnins  in^ignifiennt  MuiriN-  is  harning  tohaeeo, 
1  graui  of  wbieb,  aceonlinp  to  Grfhaut.-  yields  H2  ee.  of  the  gii-.  its 
presence  m  the  air  of  rtmrns  in  which  smoking  \s  carried  on  was  illus- 
tniled  by  Knnkel.*  in  |SS8,  before  a  wieiety  of  wiwitists,  by  es[>o»iiig 
M  small  amount  of  blood  solution  to  two  puB's  of  tubncoj  smoke,  and 
itemoDstrating  the  absor^diiwi  oi  ilie  giis  by  nuiaiis  of  the  s[>eetn^'«tiiM'. 

'  ConipWs  BiiBiii",  IStVi,  |i,  7B8, 

'  Anunle?  irtlvcii-riL'  |iubliqu(r,  ISTS^,  il  \\h. 

*  8iuun>:>hcrichi  di-r  jihj^ilailWh-iiinliriniw-lie CtnvIWhaft  ta  Wiirxliiirjr,  ISSit, ]l MSt. 
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Tile  lllu^t  impurtiint  Koiirre  of  till  is  illuminating  ga«,  wliicb  contains 
it  in  varying  aniountit,  affooitJing  to  its  nmile  nf  inamifft^tturc.  Utwlcr 
<in]iiitir\'  i-DiiililiiinK,  tlif  knkniii-  ul'  pi*-  fntin  the  Dmins  Into  llic  tujil  unci 
tlionce  inl.i  the  !itnK>#iihore  i- (moniU'iin,  IVltenkoItT '  reckoned  (hat 
in  liiuliv  joinloii  nVKtvinK  iil  li'iij<t.  a  lif'tli  of  tin-  iitinii^il  ontput  ie  lu»t  in 
tlii- ^oiinij,  and  WaHseHlihr-  hai^  calculated  tiie  nuniad  loss  in  Paris 
due  to  leak."  iw  I ."i.DOO.nOfl  ciibio  mi-U-rit.  Ijiakirfn-  iiccnrs  rmrn  im- 
pcrfict  joints,  taulty  cwk!-,  and  fornHJed  iron  \nfen.  hvskh^  that  tine 
to  leakagt,  wf  iiavi-  ui  rcrktm  wiih  ihal  diif  to  ini|H^rtV«;l  ('oml)U;H|ii>ii. 
Wliik-  mi  Affsirid  or  other  Itiirner  aclinft  nonuully  gives  off  no  irsice 
of  carbon  niomisidc,  a  certain  projmrtion  of  the  gan  will  t-*cJi]«:  oxida- 
lioM  anil  niinglr  with  the  air  of  tlin  njom  tORt'tlicr  with  <ither  ini^mri- 
ties,  if  the  gas  supply  in  not  projicrly  rt'ijnlaied.  The  nse  of  pw 
stovei*  is  rwjiorijiiVile  for  nion-  or  k'ss  eotiliiniination  dm-  to  iniiK^ricct 
combustion,  for  when  a  cold  object  ia  put  into  the  rtanu-,  the  tatter  is 
ciKiletl,  and  jiart  of  its  enrlioii  monoxide  i»  given  olV  im  fueh.  Imjicr- 
tvvl  combustion  of  kerosene  Is  still  another  sonree  which  should  not  be 
overlooked,  for  a  BUiokiny  lamji  exerts  a  very  <hri<li-ti  intliieri<'e  on 
the  res|iirability  of  the  air  of  a  room,  aside  from  the  discomfort  caused 
by  the  particles  of  soot. 

|j(ws  than  O.'2't  ]K'r  cent,  by  vohinie  in  the  air  will  cause  {K)isoning, 
and  but  1  per  cent,  is  rapidly  fatal  to  animal  life,  owing  to  the  fact  that 
it  unites  verv  rwiililv  with  the  htemoglobin  ul'  the  MchhI  corpuscles, 
li.inniiig  a  st:ilile  chemical  con)]>ound,  eju-boxvliipnioglobin,  which  will 
m-ilher  lake  »]»  and  carry  oxyg<.n  tii  the  tiwuei?  nor  jinmmtc  (lie  elim- 
ination of  carbon  clioside.      A»  a  consequence,  a^phvxia  occni"s. 

In  Ihlal  nvfv!^  of  poiMniing,  enrlmn  monoxide  priHlnees  a  nipid  [Hir* 
ffnehymatous  degenemtion  of  the  liver,  kidneys,  spleen,  and  hwirt. 

Carbon  nionoxltk-  lm-->  Iki-u  pnivii!  by  h.  de  Stint  Martin  *  to  he 
prevent  in  minute  ammint^  in  the  \Amyd  of  animals  living  in  cities. 
Nicloiis  *  has  gone  farther,  and  demonstrated  its  existence  hi  that  of 
animaU  in  the  eoniilnr',  and.  indeeii,  in  about  the  »umc  utnountx  (0.16 
volnme  per  cent.),  Xicloux  lind^  by  ex|jerimen(  that  it  is  not  derived 
from  lilt-  ait-,  lint  is  ilivelopcd  din^.-tiy  in  tliu  sy.->lem,  and  that  it» 
nmouut  in  iliminished  by  bringing  aljoiit  slight  asphyxiittion.  I'otuin 
and  Dnmin"  have  sho^^n  tiiat,  at  ordinarj-  leiajKn-atuivs,  it  is  oxidixtd 
gruduHlly  to  mrlion  dioxide. 

t  "on  tarn  illation  of  the  air  »f  <lwellings  with  gas  fi-om  leaking  street 
mains  is  ipiite  eomiaoti,  iind  fatal  ix^ults  are  not  iiifretjiient,  the  gns 
tiuvelliug  through  tl)e  soil  for  considerable  distances  and  l)eitig  ibawii 
n|i  through  wllars  liy  the  fia-ee  of  a.^pimtion  brfiiight  into  play  by  the 
<liHV-renpe  between  internal  and  cxternsd  tetii|Mniturc.*,  ManywiM-s  of 
fatal  poisoning  have  Ixi-n  reeoitlcd  in  whiili  the  gas  was  aspirated 
tlimiigh   the  soil   for  more   than  u  hntidrti!  I'eet,     Such  awideiits  are 

*  IVbvr  ili«  VcririfliliiK  mil  l,»iii.-hlitHs,     Niml  mid  Siiil.  jHiiiinry,  1884. 

'IteuTwIif  Vicrtcljiilir-«[>lirifl  f  iir  (>ffi-ialk'lif  tiwuudbtibipUttw,  XV'II.,  18SS,  ]>,  309. 

'  t'lmplH  rendus  fXXVI..  p.  103(1, 

'  ihia™,  rxxvi.,  1.1.- 1-^26,  ise& 

»  lbid.:m,  CXXVL,  p.  VM. 
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nUunliy  more  likely  to  occur  in  streets  which,  being  well  paved, 
present  an  obstacle  to  the  escape  of  the  gas  upward.  The  odorous 
WDstituentif  of  the  gaa  serve  a  very  useful  purpose  in  pointing  out  the 
duger,  but  sometimes  they  are  held  back  by  the  earth  and  cannot  per- 
fimn  tliat  ofBce.  Professor  Wolffhugel  reported,  at  the  Sisth  Congress 
fif  Hygiene,  &  case  of  poisoning  by  gas  which  had  thus  been  robbed  of 
iti  odor  by  the  absorptive  power  of  the  soil.  Water  gas  has  much  less 
oJordian  ordinary  coal  gas,  and  this  fact,  together  with  its  much  greater 
conteot  of  the  poison,  has  led,  as  was  predicted,  to  a  notable  incrcat^e 
m  tbe  number  of  fatalities  due  to  gas  leaks.  Since  its  introductiou,  a 
voymaterial  increase  has  obtained  in  New  York,  Baltimore,  Brooklyn, 
vk!  Boston. 

"  SXWXB  OAS." 

Another  impurity  is  what  commonly  but  improperly  is  called  "  sewer 

pt"    This  is  simply  sewer  air  which  may  be  more  or  less  foul  by 

Ktmn  of  containing  the  emanations  of  sewage  mutters.     Its  chemical 

composition  depends  npon  the  extent  to  which  the  gases  of  dccomposi- 

%  are  generated,  and  upon  the  rate  of  ventilation.     It  may  be  almost 

*<  pure  as  the  outside  air ;  it  may  t>e  as  rich  in  carbon  dioxide  as  the 

*r  of  badly  ventilated   rooms ;    and  it  may  be  mnch  worse.     Fi-om 

'Oto30  volumes  of  CO,  in  10,000  are  found  quite  commonly.     Dr. 

".  J.  Russell  found  as  high  as  51  volumes  in  10,000  in  the  air  of  one 

of  the  London  sewers,  and  Letheby  as  high  as  53.2  in  that  of  another, 

*liile  in  an  nnventilated  sewer  in  Paris  as  high  as  340  volumes  ha\-c 

•*en  reported.     Sulphuretted  hydrogen  and  ammonium  sulphide  are 

wlinarily  present  in  small  amounts  or  mere  traces,  and  may  bo  wholly 

•hsent ;  bnt  in  old  nnventilated  sewers,  they  may  be  present  in  notable 

Maounts,    The  highest  recorded,  299  volumes  in  10,000,  was  found  by 

nRDt-Ducbatelet  in  an   old  choked   sewer   in   Paris.      Marsh  gas, 

*Bunoiiia  and  compound  ammonias,  and  other  gaseous  products  of  dc- 

*ffl[»iiition  of  organic  matter,  may  be  present  in  variable  amounts, 

•Wording  to  circumstances. 

Sewer  air  contains  micro-oiganisms  and  animal  ami  vegetable  debris, 

pt  as  does  the  outer  air ;  but,  as  a   matter  of  fact,  the  number  of 

Wteria  is  invariably  small,  and  they  arc  often  wholly  absent.     This 

■«  shown  firwt  in  1883  by  Miquel,  whose  results  have  been  corrnb- 

"Old  by  those  of  a  number  of  other  investigators,  including  Carnelly 

•"•i  Haldiine,  Liaws  and  Andrews,  an<l  Percy  Fninklimd.     The  first 

■wtioiied  conducted  a  most  elaborate  chemical  and  baclcriiilogiciil  cx- 

Wination  of  sewer  air,  and  proved  that  from  both  |«>intf(  of  view  it 

•Wifsres  favorably  with  the  air  of  schools  and  small   (iwellings,  and 

«»I  lacterioh>gically    it   is,    indeed,   far  superior.      It  <'<mtains    fewer 

"•Jaaisins  than  the  air  of  the  strcetj*  above  or  of  any  kind  of  dwelling, 

•"I  such  as  are  present  come  entirely  or  chiefly  fn>m  the  outer  air,  and 

*t  froni  the  sewage. 

Uwg  and  Andrews  arrived  at  the  same  cmiclusions  after  a  similar 
'^warcb.     In  each  sample  of  sewage  examined,  B.  roli  vommiuiM  ^vna 
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found  in  nnmlierK  v-aryinji  from  20,000  to  200,000  per  cc.,  und  closely 
ailit^i  s|KfifK  in  )»vi>ii  jf  iMiltr  aliumiana- ;  liiit  ni-illur  (lie  oni*  nor  any  uf 
iLo  otlici'!'  wiut  fomiil  in  tlir  nmiiy  sutiipUvt  oi"  air  c-xiimintil.  Tlicy 
foinKl,  lartlier,  that  the  miniher  of  oi^^ni^ms  existing  in  sewer  air 
(]<-|H'iKlri  entirely  u|miij  t.Iic  niinilu-r  [m-.'>i-nL  in  the  oiiUide  inr  in  the 
immediate  vicinity,  and  ihat  while  wowiiKe  hactma  are  largely  of  the 
liignefyiii^  varieties,  mu-Ii  are  [imrticidly  alisent  in  tlie  air. 

llie  chief  im|x>r1anee  of  "  sewer  pis  "  lie*  not  in  its  power  to  pro- 
duec  diaease,  l>ut  in  its  ejii»acity  tV>r  beinjr  the  vihit-le  for  ixlon*  which 
ikc  the  uir  disji^recsiMi',  Iml  n<it  iiewJtNirily  dan^'roiis  to  health, 
(cept  that  apjtetitc  and  dige.-iliuii,  and  iu'nce  general  untrition,  may  1* 
iiitcrieri'd  with. 

As  a  matter  of  fact,  sewer  air  has  Ber\*e(i  for  a  long  time  as  a  moa 
convenient  Aeii]H')^iat  in  inve.<>li)|iilion>  of  the  eimHi-  und  sprcjid  of  Mnt->1 
breaks  of  typhoid  fever  and  other  infections  diseasci',  and  as  a  most 
iiK-ful  aid  in  explaining  (ilwenre  ipt(7<tion!«  of  viirinn.'*  wort.-.  Many  lir- 
lievers  in  the  wwcr-«ir  tbcor)'  of  di/^eni illation  of  typhoid  fever  hold 
.that  the  coarser  dn^t  parliehw  e;krfy  llie  gi-rni.'*  on  their  Mirfaee,  and 
Kuuy  t)e  hliiwii  ubont  tliri>ii[;h  e^inciderahle  <li'flanees  Itefore  the  oi'gunisnis 
lose  their  vitality  ;  but  the  givut  olijwtion  In  thii*  explanation  i.-  that  in 
ot'wcn*  and  ce.-w|MiiiI»  the  tvphoid  liacilhis  i)"  de»trovi.iI  sjieniiiv  liv  nihcr 
orpinisnis,  nnil  that,  even  thongh  ii  be  present  in  an  active  state  in 
li([uid  r>)'wa{;e,  it  in  I'Xtreincly  unlikely  thai  it  will  Ik'  n-leiiw*!  therefnim 
into  the  air.  No  ordinary'  stirring  uj)  of  the  water  will  throw  the 
p-rnin  inlii  the  air  ;  nlthoogh,  luviitling  to  (he  R'w.virehc.''  of  Knirddanil,' 
the  bursting  of  gas  hobbles  generated  by  deconip-ifition  will  throw  into 
the  air  Iniees  of  eheniieid  jiall!<  which  have  Ihi'Ii  nilxeil  und  di.-wdvitl  in 
the  sewage,  and  in  the  same  way  may  throw  ont  Imcteriu  as  well.  But 
it  ha.-  been  shown  by  Niigi'li  that  liaeteria  eannot  Ik-  given  off  tmm 
nioisl  surfiiccs. 

Another  ex]ilanation,  offered  by  Dr.  C.  R.  C  Tichboiirne,*  ia 
pthat  tlie  ilismse  gumis  are  *c«ttcrwl  into  the  uir  by  the  tl-rmcnting 
sewage,  and  carried  by  a  mist  formed  when  the  warm  sewer  air, 
Mtnrutcd  with  moiHlnre,  mn-t;*  the  oolder  external  air  at  thi^  poinl» 
where  ventihiting  outlets  are  plaeetl.  Then  raeh  minute  droplet  of 
^mist,  carrying  one  or  nmre  microbe.-,  in  transiKirti-d  thnuigh  longer  or 
■fhortOT  distances  in  the  air,  perhaps  into  dwellings,  unil  cventmilly, 
by  the  influence  of  the  heat  oi'  tlie  &un  or  by  other  natural  agenej-, 
biiHimes  di»i>i)nile-d  ji»  vajwr,  and  Icmvcj'  the  orgjmismn  )<ns|H'nile<l  in  tlw 
fltniohphere. 

The  innjority  anci  the  b(*t  nf  the  (jt-rman  invft<tigiitor»,  ft.i  KlQgge, 

Itubiier,  GSrtner,  Soyka,  Pi-ausnitz,  and  others,  maintain  tliat  wwer 

air  and  M-wer  ga^s«  are  inca|Kible  of  i-onveying  the  gcriun  of  typhoid 

fever  und    other    infective    diwsibcs.      It    is    inie    that    some    of    the 

Ljpees  given  off  in  the  pntn-fiiclivi-  pr(H'(L-.-es  which  go  on  in  sewers 

llife  more  or  lews  ixiisoiiotu',  but  whether  ihcy  are  (U|iahlc  of  produc- 
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iiif  injurious  eSects  (lej>eniL-<  very  much  nn  tho  ainouTit  iiilialcd  iiiiil 
nil  tli(>  (t^rwi  of  (xiitM'iitrtitiiiii.  Ill  iinv  t'Vi'iit,  tliw  arv  irrtjiinlv  in- 
oiplilc  '•(  prHliicing  aDV  inii'L-tive  Jiseiwe  in  die  abceiiw  nf  tbe  s|K'i'i(io 

In  iiiiy  wfll-(xiii)'tnicCM]  and  pmperly  veiitiluted  sewer,  no  ^reat 
nnmuiil  of  puir^fiiclioi)  vrill  ^  «u,  ^iiicc  ihe  ^•w'np^'  iimtU-i's  whih  piif^ 
"h  toil  nn>  ilii^'luirKL't! ;  ('iiii.M-«|iiviilly  nut  niucli  gas  will  lie  fvolv<!<l, 
onJ,  "itli  |>nnn-r  vonlilalioii,  whatever  is  evolved,  is  fwxm  Uiit^tjiiitiil  in 
tl»  o»iUT  iiir,  Oll'.-nsivr  jFi.-«.'"  "ml  mli'iN  an-  rnucli  imm'  liUrly  to  Iks 
^iTO  off  Uy  unclottii  imvcntiUitecl  hotiHe-pliimhin^  llmu  l)y  wt.-ll-l)ililt 
*wi"ni, 

II  is  nSHertetl  ruininonly  that  the  inlmhitiuii  of  snuiW  timniintri  of  iIiIh 
wrwill  prodticc  lii^Klarhi',  iiiiti-niiii,  los."  of  aj)|H-tit<-,  son-  tlinmt,  iiU>ii- 
>uitiiiri)i,  ilinrrh'ea,  and  other  symptom.'^,  iiiiil  tliiit  it  tuny  Ih-  tlic  cxoilin)^ 
•-»r  luixilbiry  lanse  ol"  typhoid  ti-vi-r,  ni«i.Hle^,  diiihthiTiii.  wairlct  Tever, 
•JvMfitf-ry,  mid  odier  infective  <liH^'tiw»i.  Unt  in  the  ctwiw  which  are 
'»«*c|«<J  as pRrting  the  aiusal  relation,  iiirereiiee  has  Inken  the  place  of 
}>n>ir,  nn  nihrr  aiHiii.«  of  inftvtion  iK'iii^  a-'xvrlniindili'.  I  n  not  it  T-inglu 
CHbir  Itaa  (1k^  Knp|>ii-te<l  relation  lieen  denimi'itr'.ited  iMcteriolu^ieally. 

lu  nn^'Wi'r  to  thv  well-knowti  >ud>litini  liiet  that  the  workmen  eni- 
filuytil  ill  all  the  liiye  Dy«tetn«  of  i-ewera^re — iiicn  whoM-  occujiatiuu 
iii\iilvpK  the  daily  and  eon.'<lant  inhalation  not  of  traces,  but  of  hir^ 
v<»liinM'H, of  scwrriiip— 4ireu>^  a  ola^'i  uniiKii:illv  hi'^dlhv  iiiid  ftmn^,  with 
l)it,di  nitsn  a^'V  al  death  and  a  low  dcath-nite,  it  i>-  aAfiertt'tl  liial  they 
l>v>v>tne  rmniiinixitl  by  daily  i-ontact,  anil  tluLi  e--eji|M-.  If  weacee|it  thi:« 
tlirunr,  however^  wfi  should  gu  liirtlier,  «ud  say  that  large  (Iohch  are  a 
Jbvtiefit  in  that  they  confer  immunily,  and  lliat,  th^refoix-,  all  preuui- 
I  agninM  tlic  a<lmi''Mon  of  wwer  uir  t^i  the  uir  of  dwelUnpt  are  niin- 
nvtnl,  nDil  -■ihoiild  Ih'  abandoned. 
Thi-  air  of  pro(H'rty  eonMniet<-d  »ewer»  is  in  oinjilant  motion,  brought 
thwt  by  differeticc*  in  temnenitnre  and  mechanically  thniu^h  influx 
of  nrwuec.  During  the  eoldiT  months,  the  t<'ni|M'r]itun'  widun  the 
Wiwt  i*  hi);her  tluHi  that  of  ihe  uir  nldive.  and  it  is  intliienei^l  materially 
rthrliM-t  llial  llu-enterinjj  M'Waj^-  is  laitp'ly  warm  ;  therefore,  *»'wer  air 
kU  to  ri-i'  and  eciia|K'  tlininf;li  the  o|H.'niny*  in  the  man-hole  coveni. 
Mriai  iIk  wami  namoa,  the  natural  interelinn}rc  in  mueh  leMM'iatl,  ttinve 
*«  Uie  condition.'!  as  to  tem|Krmlnrt^'  are  reverced.  At  night,  bowewr. 
"til  mpwrn:,  the  tetnpemture  of  the  air  nf  (he  (*ewer  is  bif^ber  than 
'w  'if  lb)'  atniosptii-re  above,  and  itmi'  ventilation  Kile's  on  by  natiintl 
••'  \hie  ywtr  niiin<].  Much  air  iw  dif^plaeed  by  tlie  eiit<:riiig  we^iagv  ; 
"Wt.didrejpmlinK  the  vlfert  priKlnec-d  by  the  warmth  of  iIk*  wwune, 
'*f\rry  itibie  fool  of  sewiige  which  entei-s,  a  cubic  foot  of  air  !«  forui>d 
'%*ati  as    iIk'  »eiva^^    i-*   disebargt'il,   more   air   entvTK  to  take  it« 

U«iaf(  to  ll>e  prevailing  belief  in  the  nnxioiui  eharactcr  of  M^vnr  air, 

'^i*  liinniTly  tin-  tiixtom  to  phiee  liiiKkets  of  charcoal  in  tlie  out- 

^•fatftH  of  tlw  ntaii-holeM,  hut  as  this  material   loses  its  alworplive 

ty  with  acows  of  p]iii--<tim-,  tliu  plan  wan  nlHtiidonvd.    It  was  aUi> 
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rpgimlet]  »»  nn  iidvfiDtdge  lo  connect  the  sever  with  clumneyii,  which 
act  as  ventilators,  but  in  l\w  light  nt'  fiirihcr  kniiwlinl^-  aiifl  liocuiiiw 
uT  exvcN^vi:  uctiun,  that  mctlxxl  uf  vciitilntiun  iV-U  intu  tliHiuH!. 


OBQANIC  MATTERS. 

Amniij;  othpr  itiipiiriliu.*  jrivcn  itll"  I*)  ihi'  air,  the  orpiiiii-  imtttcra 
from  tlic  procp»«s  ul'  tlie  hotly  iirc,  in  u  way,  of  coti>:iiicrable  imjior- 
lanoe.  Tn<»e  iucltuie  jwrticles  of  ejiitlielimn,  Iho  tY)nniitiient-*  of  i>wMit 
(hiityric,  i'aj>rio>  t'flpivnif,  uiid  ii»|irvUc  iicidK.  liicljik-,  bnlvmtc.  and 
other  Halt,-*  of  aiiinionium),  and  volatile  matters  from  foul  laouth.-*, 
ih-i-iiv iiif;  li'i-lli,  anil  liic  ilif^'Slivi*  friii'l,  and  ('xt^rcrnenlitiini"  matter* 
de|M>bitc«l  1)11  miclcun  clothin;;.  lu  atklitiou  to  the«e.  it  tuiH  been 
asserted  that  other  mailcrti  of  a  poiMmmui  eharaeter  aix-  (rivi'ii  oH'  in 
the  |iii«.  --  I'f  re*  [)i  rut  ion,  which  nmttvn^  will  Ih-  rcferrerl  to  later  on  in 
the  tli-(  n  i'u  of  the  etfecth  of  impure  air  on  health.  That  the  air  of 
inlmhiteti  (toiitined  siiaccs  may  coiilain  oi;pitiie  aniriKil  nnitter,  i^  ji)i|«ir^ 
oni  to  the  wiisi-s  when  one  enters  such  an  atmospliere  from  one  not 
thus  contaniinated. 

Effects  of  Vitiated  Air. 

Tlie  etfeettf  of  fonl  air  on  the  system  aiv  of  gTcaX  Iniiioilanee,  and 
v.-iry  in  depnt-  within  very  wide  limit*.  For  proper  aemtioii  of  the 
hlixid,  it  in  neoessarj-  that  the  oxygen  of  the  air  shall  he  pi-esent  in  the 
normal  {)n:i|H>rtion  in  the  free  litate.  Hud  not  in  chemical  union  with 
earlioii  as  a  wstnie  pi-odnot.  Farther,  it  is  necfHsary  foi-  the  pi-ojK'i-  f-x- 
eretion  of  the  t«rbon  dioxide  of  the  blond  th;it  the  ditl'crcnw  in  tlie 
tension  of  llinl  [piH  in  the  air  and  of  that  hi  the  bloml  shall  be  as  wide 
as  (Mssible  ;  that  i»  to  siy,  the  lew  ihe  anioiint  of  i-nrlion  dioxide  iu 
(he  incpircil  air,  the  greater  the  fiieilily  with  which  the  blood  eaii  dis- 
enisigt-  that  which  it  carries  Ui  the  lnn{p<.  Any  inlerfc-rence  with  thiif 
nii»i  imiif)rtant  function  of  the  bo<iy  must  have  an  injurious  eflect  on 
the  general  health,  and  it  is  neevpti-d  p^nernlly  that  impurity  of  the  air 
is,  wilhont  doubt,  the  nioiit  important  of  the  pre-diwf wiping  cimw*  of 
di*eaw. 

It  is  well  known  that,  other  condition)^  bcin^  equal,  in  projxiilion  as 
a  pcojilc  arc  dniwn  to  employments  indooi>*,  the  disease-rate  and  death- 
rale  are  iwreawd.  This  i*  jiarticnlarly  true  an  iT-pirdc  phthi.si.'",  whieh 
in  pixrniinenfly  jissix'ialed  with  oveivrowding. 

Overcmwding  means  the  af^sociiuion  of  two  or  moiv  [Kiiple  iu  a 
spiiee  so  eonfined  as  to  prwlude  the  adniiw-ion  <»f  a  (^mstaut  supply  of 
frerfi  air  sufficient  in  amonnt  to  mnintnin  u  pni|H'r  dilution  of  ilu-ir 
eseretory  products  and  a  normal  supi)ly  of  free  oxygen.  It  wji»  recog- 
nizul  long  ap)  as  a  moil  im[K>rlaril  factor  iji  the  produetion  of  a  high 
di'iilh-rate  amonjj  oceii|iiiiits  of  erowde<l  jailj^  barnieks,  and  Ix.ifipitHh' ; 
and  experience  hii?^  dcnioustr.iliil  n-peatjilly  that  ineroase  in  spaee 
idlowanee  is  followed  always  by  decrease  in  siekne«--  and  drnth-r«l<-». 
At  vne  limC)  for  vxamjile,  the  Kn^lish  army  averaged  11. 0  deaths  ])er 
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1,000  mfoi  itriiiiinlty,  from  phUiitti^  alone ;  more  cffioieiii  Iwrrnek  vcu- 
tilution  ami  in<T«i>e  nf  uwraRC  nir  sjkicp  cjiuscfl  ininiwli»t<?  improve- 
ment, and  the  (ihtliisin-niW  IVll  yiiKlimlly  lo  1.2  jkt  1,01)0,  The 
Biimc  pcncnil  rc«iilt  litw  been  ob»(Tv«l  in  the  uniiicm  of  France,  Rii^ia, 
Germanv,  and  Itelgium. 

Wluit  i.<  Iriie  of  ovcrtTowdiiig  u{i|>1ir^  not  nlonc  to  Itiiman  In-inffs, 
but  to  aninialw  as  well,  ami  it  is  a  well-known  fact  that  prnwded  stahU-s 
)Jiow  hi^li  nicirtHlily  ainoDfj;  eows  and  liot-H'.*.  It  lia."  mi<-)i  a  rcJiiiirk- 
sble  influence  on  egg  pnxhirtion  and  gruwtli  of  fowls  that  practical 
ponltr\'men  arc  ex<N'i><!i»jrly  earcfiil  on  this  jwiint. 

The  iinmedtate  effect?^  of  inhalation  of  impure  air  are  disoonifort  and 
opprewion,  whicli  miiy  amount  lo  headacho,  dizzinpss,  fainlnww,  and 
fvcn  nauKca.  Continued  fV|mMiri'  i^  likely  lu  hriiip  about  a  gnidiuil 
impairment  of  health,  iJinwn  by  lallor,  languor,  aoiciuia,  akin  troubles, 
loN(  of  iipiH'litc,  and  din)inl»hisl  jtower  of  ri'siMRiire  lo  tlir  exciting 
caUH«  of  disea-e,  and  tins  is  esjK-eially  true  of  tliose  who)*  daily  work 
i.*  c«rric<l  on  in  emwdtii  ^jiaiH'*. 

It  is  cust"man'  uj  cite  ac  extitme  cases  of  ovorcrowding  and  its 
effects,  tho  Klaek  Hol<'  of  Oilcutta,  the  ship  lAni'lontlerry,  and  the 
priwvn  itt  Audterlitx;  but  the  eonditions  tliiit  ubtaincil  in  eaeh  of  these 
insljmi'p^  were  most  unnnnal,  and  the  ea.-eM  aiv  of  hiBtorieal  rather  than 
i<itiiit:irv  inti-n>t,  ^inee  the  eoiiliniug  of  a  nnnilKT  "if  ]ien«oTis  in  a  J^piiee 
from  which  air  h  i)raetically  excluded  ean  have  but  one  outeoiue. 

The  Blank  Hole  of  Culeuttti  i*  tli«  name  npplimt  to  the  militjirj- 
prison  of  Fort  William,  where,  in  Juri*',  175rt,  Surajali  Dowlah  con- 
fined 116  iHT^onji  over  nii^lit  in  a  f\r.icv  of  lew*  than  5,900  cid>ic  feet, 
wHth  two  small  windows  in  one  side.  Within  an  hour,  all  bnike  out 
in  a  pnifiiv"*-  sweat,  and  were  lortoriil  with  f liirst  and  dillicull  breatliing  ; 
in  three  and  a  half  hours,  a  majority  were  delirious,  and  when  the  place 
wa.*  opem-il  in  ihe  inorniug,  I'i^t  nf  llie  prisonerK  were  found  liead. 

In  the  citse  of  ttie  Loiiifondn-iy,  which,  in  Pee^'nd»er,  IX4S,  lett  Sligo 
for  Ijiverpool  and  nin  into  a  storm,  200  stiiTigt-  jiaiwenger*  were  ii.in- 
finwl  over  nijjht  in  a  s\ttux  IK  by  11  by  7  feel,  with  no  mean.s  of  ven- 
tilation. In  the  mominj;;,  when  they  were  n'lenscd,  il  was  found  that 
over  70  had  cxpircil. 

In  the  other  estrcmp  case,  that  at  AuHterlitJ!,;iOO  onptnriHl  .-wildiers 
were  oonfinnl  in  a  umall  cellar,  and  within  a  few  liouni  all  but  40  were 
dead. 

To  what  one  or  more  condition*  of  impure  air  are  the  onlinary 
cBV'crM  tliie?  We  have  «een  that  CO„  ii-  in  itself  not  an  active  poison, 
and  that  it«  action  U  to  inli'rfiiv  with  tlu-  pni|N-r  oxygenati'Ui  of  the 
bl(Mid  within  (he  Inng^.  The  aipieou^  vapor  of  refplnition  and  fnmi 
the  «kin.  and  that  jin^hiecd  in  the  cnmhm<tion  of  illnminating  material, 
constitnte.i  an  iinport.niit  |wrt  of  a  vitiali-d  atmosphere,  and  is  rcBpiw- 
sible  for  at  least  a  ]»art  of  the  di-Tomlbrt  pifuluccil  :  but  it  in  also  true 
that  a  defieiein'v  in  watery  va]>(>r  in  the  ;iir  of  uell-vi'iitihited  riH>m» 
ban  eqna!  or  greater  disadvantages,  an  will  ap|»ear  in  the  consideration 
of  VcnUlation. 
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Concernine  lb«  effect  of  ufioal  unounte  of  ordinary  dart  in  in- 
Itabilod  roonii),  tlieiv  ii«  little  to  l>e  AUid.  Tlii*  nitcnM>rgiiiitii]itt,  mcM 
of  whicli  an-  iion-ixithofrtnic,  viirv  i»  niimWr  with  cfticicnc-v  uf  wn 
tilution.  In  ]ii)n-  air,  the  l>af'toria  «ml  moiiltU  :ip|)mxiiii:itt  moh  nihcr 
in  luiiiitxT;  bill  in  viti:it(il  iiir,  llir  luK't^^'m  iiintruric  in  niimlxr.  uliilt 
lilt'  iiioiildii  are  much  Itstt  nffiwud.  The  I'xpcrimcntt*  of  Ciinicllj 
Huldauc,  am)  Anrl<Tw>i]  »)iowc<]  u  pmgrcawivv  iiirrt-uiv  in  both  hiiol>:m 
am]  muuldo  vrith  diminished  ventilation.     ThuH, 
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The  increase  in  liiu-torin  is  not  (lue  to  rat[^rntinn,  though  n  (Bimr»* 
don  in  tlicir  iinniljcr  mifflit  Ih.-  tltns  i?x]ilniD»l ;  for  the  gnat  iiiujoritr 
iif  iiilialed  l«icleri;i  an?  (ilti'n'il  out  h_v  U»-  nor^-,  »iiH  the  vx)titr<l  uii  n 
ulmiH>t  wimpli'ti'lv  i'n-v  fmiii  p-rniti,  iiltliongh  tbcy  nuiy  be  thix-wn""* 
in  the  act  of  cougiiing  or  Mieeinnjf. 

Invu<tif^lion  thin  fur  ha-'  iioi  provwl  that  the  lnwrtcria  of  iiifecliifl 
ore  commonly  introduced  into  the  system  lhn>ugh  the  mo<iiHro  "f ' 
Rpircd  air. 

Ah  hiw  heiii  mentioned,  it  is  held  hy  many  that  the  effects  of  rilial 
air  are  not  due  to»irlM>n  dioxidi',  but  to  the  nrpitiiiMnittlen^aiKlaqiii^Q 
vajKir  given  off  hy  the  Itiu^  ami  skin,  ami  tlmt  thcsi'  arc  iMinfflK 
ciinvwiiciitly  by  delennining  the  amount  of  earlHm  dinxide  wiili  «iii« 
they  are  dischai^'d.  It  ix  wiiii  nU>  tliat,  while  (Hitiwidernlilc  t-aHwl 
dioxide  (weajH'^  even  under  the  moM  imiierfeet  system  of  ventii;iti<>n.tli 
nrganic  matters  and  watciy  Yii|Mir  do  not  «j  reatlily  !!«.■<■<  oiit,  but  »( 
deponitnl  on  wall.-",  furniture,  hanpinjp*.  and  clothing,  where  they  fitO* 
ami  heeome  nfTencivc.  As  proof  of  this,  in  Hted  the  faet  llisl  a  nmpiil 
which  a  |h'isciii  han  slept  without  ndei^iuite  vnitibition  lui^  an  unpleMi 
smell  in  the  morning,  and  tlint  thiK  jK-i-sinta  even  after  prtJimp 
airing. 

Bn'wn-Sff|uanl  and  d'Ansonval.  in  1888,  obtained  from  comlrtrt 
tion  of  the  aqneons  vajHir  of  men  and  animabt  n  liquid  which,  iiij«« 
into  rabbits,  cauMil  dcilh  with  grtmter  or  Iww  rapidity,  aivonlinj;  t>il' 
ttixe  of  the  <Jiwe.  Tliey  believed  the  toxic  clement  to  l*f  *if  the  hm"" 
nf  n  volatile  alkaloid,  and  that  it  wn»  exhaled  dismlved  in  tb«  ik|ikO< 
vapor  of  tW  brwith.  In  the  «une  year,  Wuhk,  r<'i»(>rting  a  mbW 
reMnreh,  claimed  to  have  found  a  toxie  ndti^lanec. 

Merkol.'  in  1  SflS,  <'laintiil  lo  have  olitaiintl  |M>r.itive  results,  and  tO 
ctudvd  lliut  n-f^niivd  air  rn>n)  ]>cn»in:s  in  health  contains  a  miinile  (|U>I 
tity  of  a  volatile  oiganic  base,  which  is  poimnoofl  wlien  frop,  but  inn< 
'  Arcliiv  (ur  ItvjitniiT,  SV,,  p^  1. 
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uons  after  conlart  with  aa  acid.  I>r.  Sivieralo '  colleoted  the  aqneous 
vjifNir  "f  till-  biMitli  »f  pcreimw  MifU'riiin  Irom  ilixii.^i-.i  of  rc.->|iinili<)ii, 
biilli  with  ami  withuiil  fever,  nl'  ]>ersunrt  with  im  refi|>iratorv  ilii«efiM.>,  but 
with  fi'Vcr,  :iiii)  nt'  [>cr!Mni.->  in  Ixiiilli,  iiiul  iiijttlii]  it  into  rabbiti*.  That 
fnun  thow'  with  respirat<'rv  di>;eii»e'!'  |>r(Hltifcil  fever  iintl  iliniiu lulled 
n-ftcxeK  biNliii^  llirt^p  to  nix  itav.'- ;  that  fVimi  casen  of  fever  with  no  res- 
|)init*ir>'  iliw'si'ie  i?hiik?<I  little  or  iio  (listurljiiiiw;  ami  llitit  fixuii  jR-i*>iia 
in  lieallh  pnKhucd  im  rc-iiilw  whatever. 

F(inii6iii.'k '  'ii>iKrhi<lc.tl,  afWr  iiiuith  Ktn<lVi  (hat  no  piiMiiiunn  niil>i>iiiiice 
oripinat&i  in  the  lungs ;  tliat  the  ammonia  somotimoi  found  is  not  a 
{mxlnct  itf  nK'taUiIJHni,  but  of  (lii-iiiu{>onilIon  in  ihi^  mouth  eavily  (rari- 
ous  iwth,  etf.)  and  in  the  tmchea  jinil  luii;p-  atler  tnii-lKtiluiuy,  uml  in 
puliuonnrv  tnl«'reulo!.is ;  (h;it,  in  the  exjmrinKntfl  which  le"!  to  the 
theory  of  ati  unknown  alkaloid,  nmnionia  was  iiih.iI,  uuiI  nii|;ht  hiivi.- 
caurxnl  thft  ob«-rvwl  offecis ;  anJ  that  tJie  results  of  overcrowding  can- 
iKrt  bo  diip  tti  any  ouo  t»iu*i'. 

Many  other  eX[H'riinenter(i,  Freiieh,  Gernuiii,  Italian,  .Vmoriian,  and 
En^li.-<h,  workiufr  ninn^  ibc  sninc  lino,  !>ut  with  extra  [tn-cautions  u> 
rs'-hute  matters  from  the  nose  and  moutli,  have  failed)  to  obtuin  toxic 
elfeets  fiiim  the  iv indfiiHitl  vajwir ;  otlieri*  have  denionsti^tecl  thai  the 
Iiin^  (.■xbule  no  orj^nic  matter  exiropt  in  luiuutc  aiDouut^  and  tlrnt 
these  have  no  |Miiiii>iious  intKienee, 

.^rloinfj,  however,  hii>  [iiii-sniil  the  subjeet  farther,  »o  a*  to  include 
the  sweat  oonslituents  ami>ng  the  deleterious  ajj^-nts  of  vitiated  air.  lie 
snaked  hi  di>tti]le<l  wsiter  the  mider>ihirt  of  n  raan  who  had  s|>eiit  ii  lon^ 
evening  in  dancing,  and  injected  the  infusion  into  dogs;  they  becanm 
drowM',  Milli'reil  fnini  violeul  iliiirrlneii,  and  shorllv  dii'il.  The  ilmwiTs, 
simihirly  treated,  gave  a  liquid  whieli,  inji'cted  into  ndtbits,  pi-oduned 
clonic  npasms  foilowi^l  by  jiai^dysin  and  death.  Should  them-  n^inlU 
Ik-  eonfirnicd  by  :i  more  Neicnttfio  re»Hiix;h,  in  which  the  jKWwible  influ- 
ence of  the  IkmIv  bacteria  and  other  agents  are  eliminated,  it  will 
apfH'ar  that  the  sweat  ]m!«i>.'iej'  a  hij^li  ilefTii-e  of  toxieitv,  I"ntil  Mieh 
confirmation  is  reporteil,  however,  the  weight  of  evidence  h^tdn  to  the 
conclusion  that  the  iniurioiiM  aetion  of  vitinkil  air  in  iliic  to  the  dimi- 
nution of  oxygt>n  and  t^i  t]ie  increase  of  cnrlwn  dioxide,  both  of  ivliieh 
(actors,  alone  or  together,  interft-n-  with  the  intake  of  oxygen  and  the 
exeretion  t)f  carbon  dioxide  from  the  lungM.  Yet,  diminution  In 
oxygen,  which  even  in  Vtrv  criiwded  rooms  dia-s  not  pficii'd  verv 
&r,  is  met  by  incrwi-'ie  in  the  rwpinitorv  fnnetioii,  which,  however^ 
nninrit  increiise  the  difference  lietween  the  tension  of  the  carbon  dioxide 
of  the  air  and  of  the  IiIimkI.  Not  even  in  very  imiH-rH-elty  venlilaliil 
niin(«<  lUn-  llie  oxygen  fall  iiuieh  below  20  pel-  cent,  by  volume,  and 
thus  we  see  that  the  whole  range  of  lluctualiini  in  the  oxygen  of  [aire 
and  of  vor\'  foul  air  U  but  little  more  tliaii  1  vohinie  |kt  i'cut, 

Smith  and  llaldane'  have  showa  tliat  in  a  leaden  chamber  contabing 

1  '  .^n'!iiv«  Iwtiennp*  ilc  Itiolniiii'.  IW.'i. 

■  *Ar.'liiv(iir  Hy((i*""'.XXXVllI.  lliKlO),p.I.  I 

^^^^  '  Joiinial  of  I'Mthulu;^!'  iiiiiri  Uat-'lciiuluyy.  I.,  1892.  I 
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air  which  had  MiReroi]  but  flight  (linitniilioii  in  oxypt-n,  l>iit  uIuq 
mnliiined  .1H4  jianii  of  carbon  dioxidv  in  ]0,(H)l>,  two  mvti  suSvred  fi«i« 
licttiliK'ho  intm«iliMU-ly  »ii  iiitc-riiiK. 

.\y  a  nile,  viii:ircd  iiir  ix  am^nciated  with  High  ttftupemtun.'  luxl  mt^ 
miioii  nitti  lujiU'oio  vn)>iir,  wbiHi  Inlti-r  ititi-rri-n^  wilh  ivniiirntiat 
I'ruiii  thv  §kin.  l^>^  ofivu  it  ii^  usMut-iuUtl  wilti  Ion'  U-ni|N'n)liin*,  nq 
with  tbiit  oonditioii  c<)m<-.i  nii  in<-mii.ted  tienuind  for  oxypm  to  id«( 
the  r(-(|iiinMiuM)t»  ni"  (Iw  oxidation  procwwo^ 

It  Kvnii^  probable  tliut  when'  ilie  (TirlHin  dioxide  b  not  pr»icDt  in  tnr 
pniU  i^xi^-jw,  mill  lh«'  <>xyj;iii  ti*  iioi  imirkHDy  di-tiHiiil,  llw  f-oncla-iin 
arrivcxi  at  l>y  1>in,  Weir  >[iteholi,  Iiillitig>,  and  Bcrpey  w  true ;  niiniriy, 
tiiut  till-  4li»ninifi>rt  .luflorpd  is  due  largely  and  diivfly  to  beut  and  lii^ 
agm'.ililc  wliirii  iin«in^  fniin  tlio  oocn]unit]«  in  xiirionf  viavf :  fnnai  Nil 
breaib,  iincWn  ^kin,  iimUsin  i-li>th«»,  swent,  and  pu*^  fix>in  llic l)l'^«'i^ 
SiH'b  nmv  imbn'c  wr\  iWrvif^ivvttlAv  wninitiiiHs,  aiiinnniiiig  even  W 
uuu)tea,  ill  th<nro  who  an.'  not  habituated  in  mich  iiifluciifc* ;  bill.  «n  tl"' 
otIuT  hand,  llu):><>  wlio  arc  iu.'Cii)4(iiiic<l  In  such  iiir  milioe  no  dinximfuili 

Disaprifable  r^mellr-  do  not  act  dirMtly  hh  a  caiiM-  of  i^jiocific  liiwwfi 
but  apiwiir  111  iiavi-  sin  iiitliHiicv  cm  the  a|>iM'lile,  and  Itenne  on  tin-  (Sf"* 
cnil  Wfll-bciiig  of  jktsous  not  acc»stonii-<l  U>  them.  Much  t»  diw  nl"-" 
1(1  the  imagination  ;  ii  disa^ntidtlt'  smell  tnnji  a  souixi*  kitown  i"  t* 
(•l<!uii  {clicmicalM,  for  iuftancc)  has  not  nnliiiai-ily  il<  much  itiftui.>ii'< 
a.t  anothei'  of  i-i|iially  riffi^nnivc  clinraetcr  eupixiMtl  to  bi>  froni  tiltli.  It 
Mi.i-nin  prntiabli-  ninii  llmt  thi.'!**.'  i*  nilirb  lo  tmrn  cuiioiTiitng  the  ml 
cHbclti  of  diwi(ir(«c:iblc  Hniells^,  anil  that  tliev  niay  tx-  nmiv  cxtwi-ivr  tii«« 
wv  now  coiiiiiioiily  Im-Iicvc  ;  hul  in  (iixh-r  In  determine  this  nc  "W 
need  methiids  which  will  rcviiil  the  naturo  of  tlii'r  oclorifoTOiiit  siulislMnl 
and  make  ilh'ir  isolntion  ixisNiblc. 

OlhiT  cniw"  of  ()i)iciinifi>rt  may  Iw  »>tifrht  for  in  tJic  pn*ieiii»* 
tmoeM  of  ciirKi'Ti  monoxide  fmm  heatiiift  apparatus  or  iiHionipliip  ci** 
buHtiiin  of  illiitiiiimtiiig  ^,  and  in  cxl-c^vc  dr^'ntaa  of  the  air  dm-  « 
funuicc  or  »t«ini  heat. 

It  slioiikl  not  bt-  overlooked  tlinl  itiipuK*  air  inay  affect  the  vilaliq 
and  l«ii'i<Tii-icl:il   power  of  thi.'  cclt>-  of  the  nir-i«|j*wt|ie*  and  "f  the 
iiK-iitary  tract,  and  thus  lesw-u  the  jiower  to  resist  the  action  of  iofa-li' 
material. 

The  Air  as  a  Carrier  of  Infection. 

On  the  ap'iioiF-  <if  air  in  cprHidinjt  infcciiout?  tiiattcr,  niiH-h  hit*  l« 
said  and  written,  nnd  miieh  cain-fiil  rcwwreh  haf  1n?«-ii  cttiidiu-tiil. ' 
th<r  conclliMion.''  rcncrlied  are  by  no  iiiuu»>  in  U)j:ix-cnu'rit  or  ixiiicWi** 
It  i"  conceded  f^tivndly  Ibiit  pathogenic  or^nitiin)'  iu  the  air  are  i 
hcivnt  to  ]uirtteb'!'  of  diiut  of  variolic  kitiiU.  and  lluil  their  relentioDi 
viniit'iuf  dc|Hi>d.-»  ujMiii  the  iimouiit  of  hyunwcopii'  iTio!?>t«ii'c  with  wlii< 

Ihev  an-  iiHMU'iHtttl.      The  i liitionw  favorable  to  their  continiiiiiwf 

liviii);  organiffni^  arc  naturally  moiv  likely  to  obtain  in  indotir  air,  WA 
imiM-rfect  ventihition,  than  in  the  (uiicr  air,  where  ihey  are   dilu 
and  blown  alHiiit  and  cximhchI  to  thv  disinfectant  aetinii  of  the  din 
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rays  of  the  sun.  Indiiors  or  oiitdoorfi,  the  more  tlii>y  are  proti-ctcil  bv 
hygntWHipk"  iliiwi  |iiirli<'l(s*,  tlic  I'liigcr  ihcy  will  n'taui  Uit-  iimisttire 
which  is  <.'N*ntiiiI  to  their  viiihil ity.  Il  !ip|>'-)ir>^.  U«>,  llmt,  fiiruiiliini!' 
iK'iiig  Wjiial,  t'lruiiii  micrd-or^'iinisiii.-'  ivuiin  vit:ility  htngcv  than  olhiTs, 
sotiK-  Ik-ID};  but  slifililly,  "tlici"  very  li^iiiii-iouK  of  lilo. 

Witli  reji:ar(I  to  llie  tmiia mission  ol'  piihnuimry  tubercuhw^iH  through 
the  air,  it  »houl(l  Ih'  wild  ilinl  whili?  thi-n^  (^iii  Ik-  no  ilonbt  tliiit  thin  itij» 
ease  in  eonnectcd  pnx'iDincuily  with  overcrowd iiiji  and  vitiated  air, 
there  is  ii  very  dtn-idiit  diUVn-in'i-  of  o|iiiiion  iL-i  lo  thi-  mclhixl  tif  cim- 
veyaDce,  --tome  eomCTidiii|f  that  du-t,  tinil  ollier«  thnt  titbeiviilimi* 
niBttTini,  tlimwii  into  tlu-  iiir  In  coujfhin^,  t^jK-iiltiii^,  and  i^meKiii^,  ii> 
the  vehicle. 

Biiehncr  hiis  toinid  U.  liihereuJoMx  m  an  activt-  I'tntt-  in  the  duBi  of 
a  nvtin  u  yenr  atW  tiie  death  of  its  oceiqiunt  t'rotn  llic  diaensc.  (J. 
Cornet '  di'inonstr.iltil  its  pn-M-iiee  in  more  than  a  third  of  147  samples 
of  dtist  oolleett-il  in  lno^pitidf  and  other  pnlilir  inMilnl.ion.-<,  hmiI  in  priviiU! 
houi^e^  inlmhit«d  by  phthirnieal  persons,  and  sueeeeded  later  in  produeiiip 
the  iliteiise  in  10  out  of  -1^  ^niniii-jiipi  f.x jhu(.<i1  to  air  containing  du^t 
from  <Iri«<l  tul)en-uloH.-  liputuin.  Some  of  the  animals  were  placed  8 
inehcH  from  a  ^lan^  vessel  eontiiiiiing  drieiJ  pulverin'd  npuluin  from  &a 
adviineed  ease  ;  others  were  phiced  on  (^helves  J<  to  28  iucbc^  from  the 
floor  of  a  room,  on  the  carjH't  of  wbieli,  spntnni,  mixnl  witJi  dnst,  bad 
been  »pre»il  nnd  dried  and,  at  the  end  of  t\vo  days,  stirroil  np  by 
swwping  ;  others  were  allowe<l  to  stay  in  the  i-ooni  without  disturbance 
of  the  dii<-t. 

Klein  obtained  pof-jtivp  ly^ilti)  with  jiuincji-iiipi  plaits)  in  ihe  venti- 
lating «huf^  of  a  (-otiKumptivtV  ho»pilal  ;  but  Heron'  obtaine«l  but  2.7 
per  i>enl,  of  jxi-itive  i^esnlt^  in  74  jpii!ii-ii-|iiir"  iiKM-ulat«l  with  iIiihI  from 
the  venlilatin)r  Khul)  of  the  I^ondon  Ilor']>itaI  f<ir  DiNesi-e*  of  the  (_'lie--^t; 
attd  Kirehner '  got  but  1  jwjaitive  result  out  of  1(1  pijjs  inoenhiii'd  with 
the  dnxl  fniin  a  mililnrv  hoHjiitnl.  Kli'tj^-,  on  the  other  hand,  wiu 
wh^illy  nn-iu<vessful  In  induein);  the  diiwast-  in  jfuinea-pigs  expo^ell  to 
Mn-b  du;<t  ;  and  conchided  that  the  Iran.itiiisMon  I'mm  one  jicn'on  to 
another  in  ehlefly  by  means  of  the  finest  dmplets  thrown  hito  the  air  in 
fl|»eiiking,  etniKbinii:,  anil  sntezing.  I"'nim  latrr  i-X|>erimcnts,  «)ri<iiietiHl 
iimlcr  bi;^  !tn(iervi*inn  by  Ijwhtsclienko.  IleAinann,  SStichcr,  and 
Jleninde,'  he  eomluded  thai  in  ntoins  in  which  tnln-reulous  sjmtnm  i.i 
dried  on  the  tlocr  or  oihcr  plsn-cs,  and  where  the  air  i»  fille<l  with  eourte 
du^t  through  ilrv  clMminj;  ami  air  currents,  or,  as  in  r.iilwav  ear*-,  hv 
continual  niecbanieul  jarring,  infcetion  timv  arixi- ;  and  that,  mtdcr  them- 
vonditiunii,  lon^f-e'iutinned  L'X|KiHure  offers  a  certain  degree  of  probability 
of  infection.  Tlu-n'roi'e,  dry  cleaning  is  to  In*  avoidcil  in  riuaiis  in 
which  ciinHuniptivi-^  are  employtil  with  olber*.  anil  the  nutms  "bould 
tiol  be  occupied  so  lonn  iw  the  air  is  [x-itvptibly  ihisiy.  The  jtriat  |mit.- 
ttibility  of  infiftion  through  iMatten>  lhn>wn  ofl'  in  compiling  and  sm-e^ 

I  *  iicilH-tirift  ftir  Ilvirienc  niui  Infcclioiukninkliiulni,  XIX.,  p.  1&3.  , 
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iiig  w  iriiiUiwl  ii[xiH  iw  of  pnninioitiit  iiiijKnUnioi-.     Tliw  ilanffop  i« 
Im*  [)m'ciitul  l>V  i¥(|uiring  tlie  |K'r>>iii)  rDUi^luii);;  to  htild  a  hauclki-rt-hii 
or   tlitr  huiiil  Ih-I'ii-i-  tlif  niiiiilli  during  tlic  not,  iiikI  hy  tlw  avoidiitiw 
()ii;  |Hirl  uf  otlii-rs  uf  uppiYKtcliii)^  «ilhiii  u  iiirU'r. 

Aribweriii^  I'^IUggc,  Cornet '  contoiulit  tliat  ihv  tiunibcr  nC  Iwu-i 
thrDWii  ii)li>  ()k'  iiir  tlunit^  Itii-  set  uf  rongliiii)'  luiwt  Ik-  txlnniv 
liniall.  He  miifH'd  l>i  cnii^iniiplives  to  liolil  dipJios  bftore  lit*- itmii 
tvliiI(.-o>u^liii)|;,  tiiiil  oliUiiiitii  '2  |icir>ili\'<-  [>>iilt.->  llii-it-fn;ii)  on  iiiomlaU 
into  giiiiii3i-pi>^ ;  rf|>L'atiii;i  thv  U-sl  willi  lo  uthcD^,  Iw  got  noiie. 

^elgen'  alno  disitt^rti'^  M'itli  (Ijl)^'  »n  t4)  tliv  (xu'i'iltilily  of  tma 
nii;;:!{i't|i  nf  f^vnnp  in  );i-nond  tl)ruii;;li  tlie  air,  nnd  Itclivvci-  tltnl  it 
arutiMi'd  timcli  i)y  cvaimraliuii  •>t'  wali-r  ln>m  ."ni'Gni-T-  ii|Hin  «lii<-li  tin 
UK  dv\nt!iiut\.  IK- olitiiiiH'd  |witivi- n-Mull*  Inini  irnx-tiljiijoti  nf  drt)( 
Icto  cundeuectl  on  llio  i1[i|mt  i^uriitce  of  a  vc^ecl  in  wbiuh  a  culture  n 
Jt.  jiiirnrnaifuit  Iiud  U-cn  iixnibutt'd. 

Kx  peri  menu  condiirteil  by  Ki'mijter*  coiifirni  FiitgtfC  lu  tiU  i-'timsM 
of  till'  diinf^iT  of  Intl1.«n)i.1^illu  l>y  driiptft-->.  In  onlcr  ti>  ^iw  lln-  ri 
pi-lk-<l  drupleb^  a  c-liamc^or  wliich  would  admit  uf  Uifir  Innng  trnml,  lit 
ri»!HKl  liih  inonlli  uttli  li<|uid  rlcli  iti  /(.  prftiliffhuaui  ur  H.  tngcmit*,')! 
witli  viTv  dtliitu  eaubtic  hkIs,  and,  in  urdtT  lo  tisci'  tlicm,  he  osptw 
Petri  dinlii-.-^  and  glit-.-*  platon  i-oati'd  willi  pliciin]])!  it  halt-in.  whicli  np'nt, 
Inrninp  pink  in  ninlart  >vitli  an  alkali,  wonld  flmw  not  orih  'li' 
mimlKr  ofdniplcth,  hut  tlieir  size  as  well.  It  wajifouncf  tliat  no  iJni!>" 
lftj>  are  thnivvn  out  in  oiilinari'  cxtuilntiun  nor  in  vowel  funnulion.  I"'' 
with  iMnisonants,  as  (,  i,  and  p,  the  number  is  very  great,  aiid  is  latjirfy 
d<'|>cnrli-iii  upon  the  amount  of  loivi-  witli  vvliicti  l)ii-  nir  lutdi-r  pn-Min 
iu  tbc  montb  wivity  is  relfafrctl  in  tlicir  fortiiation.  and,  tb^n-forc,  a\*i^ 
tlie  nuiiHtir  of  pi-oiiouurin)f.  liOu<liu-HH  and  rapiditj'  of  >jK'vh  \vct 
but  little  iuflucnee ;  M-liis|)erin;;  mny,  indee<l,  umk-r  i^ome  (.■oudiii'iiit 
CHUw  a  grrarfT  iitiniber  nf  droplcti^  ilinn  loud  s|)w?cli.  Even  willi  Mil*' 
dH«d  Ppcii'ii  luid  a  quiet  atnioKpliciv,  il  wn»  found  tlml  ibe  oi^ni*iiU 
expdlnl  reai'lK^l  the  nior^t  distant  |iai-Cn  of  llio  r<H>ni,  wbicli  uiin  i""' 
tliau  :^<l  (i'l-t  in  H-idlb,  am)  in  all  diiii'liotts.  Tbcy  wiiv  foiuid  I 
remain  in  riUs|>euhiou  iu  tbc  air  not  longer  tbnn  nu  hour,  and  il  '*^ 
notii<i>d  iJint  ibey  fell  upon  tbe  plativ  in  )2tou]m,  i<onic-liiu<«  lUi  diudi'  < 
■10  eIo«e  togelber.  wbieb  cuggeKts  tliai  tbey  full  not  as  diy  dn^t  (■irtii'l* 
but  that  llie  dropleti*  ilieniM-Ive.-*,  with  tbeir  eiuiiHiiu^l  or  adlMW 
orgnnisinc,  air  de|Kwiied.  In  eonubini;  and  fHK-cKiiitr.  inon-  drnJiW 
are  csjietlod  than  in  speaking,  and  tbey  are  pmjeoted  to  a  pnaleriW 
Iuii4<e,  liitfiUiH^  of  tbe  [rreater  force  engiigetl.  Tbe  pns-autioiis  rffl*" 
iiieii'led  apply  not  alone  in  tubcreulosis,  but  aUo  in  dipbllx-ria,  v\»(^ 
in>,*-i-ougb,  Mnd  other  dUe«w-s  in  wliiib  tbc nwjw^live  »]»ifitie  orjpii)'^*'" 
are  louixl  in  the  nir-iHU^fUgefi. 

HuU'Jiii-oii '  found  that  luicteria,  sprayed  in  niiniit4>  dro|>lrtH  ilf< 

*  BrtUocr  klinUV  WirlirnKilinn,  KUjr  IS,  IffiKI. 
1  Tiil'tiiiO  mMIt-nlr.  Mny  10.  1«>1I. 

■  Zvit-t^hiift  riii  llT|ci«n'i>  iinil  liirii-iioiiiknitildidHfl,  XXXn'.  (IWO).  \\  \V>. 

*  lliidciis  XXXVf.  ( Itiiil  1,  J..  -i-lX 
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objwK  pcrisli  in  u  8lii>rt  time,  liic  niiiin  f&cV'T  in  llu-ir  (tcHiniction  Iwiiig 
the  inHiienco  of  sunlight.  Sitraywl  tlii-c^ly  into  (Iip  air.  niOTt  "f  them 
wi^ix-  Iuiiik]  til  have  IxK-onic  iloiKi^ilKl  williin  n  hult'  hmir,  whca  llm  Hir 
of  tile  room  nas  allowctl  to  reiiiiiiii  iindUlnrlxtl,  Init  itniiilient  uf  tJiem 
wt-ri-  ki-pl  in  wn.'^iH'nt^iiin  t'm'  fon>Ult'mlile  |)t>n<H)B  liv  flight  unavoidablfi 
air  oiineiil-  in  iht-  liiwi-r  "tntUi.  He  ^"liowcii  (hut,  with  Invdrinp  iiir 
uHrrcnl--",  the  -iiirtjH'TKJtxl  Iweleria  may  be  ouiMlut-ted  through  vcr)-  iini-- 
nivr  «rcviw!t,  as  into  cluwjtj  Ixirwi  ilniwci-:",  imd  tiiiin  ihk-  rniHii  to 
another  through  kt>yhoh«i  aud  cracks.  Whll*-  tlie  dangur  of  dis<^iiii- 
miliiiif  IwKittTia  by  wiilking  hvit  un  infi-cu-ti  floor  was  foiuul  Ui  l» 
(■light,  th'isft  thrown  up  by  tlie  cliwtic  rebound  of  the  b*ianU  tiiiliiif"  to 
intVi't  |ilat«'»  j<n«iK'ndiil  4  in<'h<«  jiliovf  tUcm,  oi-diiiary  swi!cpiiig  was 
found  to  contaminate  the  atnios|ihcrf  throuf^hoiil  it*  whole  extent,  vvca 
to  the  Cfiling,  llnw  r'onftnniiig  FiOgge's  statement  a&  to  the  uudepira- 
bility  of  dry  cleaning. 

('Io!*cly  !«iniil«r  n-.-«iills  wero  obtained  by  Kir&tein,'  who  concludes 
thai  (irdinan-  air  current*  cannot  detach  livinjj  or^ininin!i  from  siir11tci-jt 
iijKin  which  ihey  have  U-en  depo-ited  and  become  dried,  but  coiictdes 
tliiif,  when  the  baeteria  an:  .spniyiid  u|»on  tine  ilu.st  jtarticW,  they  may 
«isi!y  be  borne  alioiit  in  the  air.  Vet  how  slight  the  duiiger  of  this 
Rii-thixl  of  iiitWtion  is,  so  fur  at.  Iwifit  a-"  typhoid  fi-ver  in  cono'niKl,  in 
^own  by  the  ntarkod  i-:ipidity  «Hth  which  the  typlioid  urgunisms  div 
when  tti'Ul  forth  in  the  forni  of  Mpray.  Other  non-fli>ore-biiilders, 
(■praywi  into  the  air,  wlainol  their  vitjdity  for  only  u  ci>ni  para  lively 
short  lime,  iH-cauw  of  the  inflncnir  of  liglit  and  air  ;  nn<]  lii>  !R-Iiev<« 
that  the  marked  sensitiveness  of  the  tubercle  iHieilKis  to  the  influence 
of  light  maki'-*  I'sirly  ili---«truction  of  thin  oiynni.iin  most  [in^bablc  when 
it  is  thrown  into  the  air  in  minute  droplets,  and  that  thus  may  be  ex- 
plained tilt-  fact  that,  even  in  consumptive  wards,  in  whieh  there  is, 
without  doubt.  «  eou'itaiit  <lisr'hiirjre  of  bneilli  intj)  the  air,  Httcmpt;*  to 
dct'x't  living  organisms  in  the  ilust,  etc.,  fail,  excepting  in  those  cases 
in  which  the  Mpiiliim  itjiclf  has,  ihrongli  lack  of  wire,  becoHio  dis- 
seminated. 

Positive  result*  of  examination  of  droplet--*  ex]H*ll<'d  by  fonsninptivn 
pulienlit  during  coughing  hiivc  lK?t'n  recorded  by  Curry,'  Boston."  and 
others,  Ciirrv  ex]«Timent«l  with  I'J  jwiliinti-,  who  eonghrti  lowanl 
plati.'S  sutt|H'niliil  from  I  to  3  fi-et  di«tant ;  he  found  the  iMicilli  in  ihc 
larger  droplets  eX|ielled  bv  half  the  subjeots.  Boston,  observing  liiie 
droplet;*  being  i-ji-eti-d  from  the  mouth  of  u  [mlieiit  with  a<lvanc'ed 
dine-tw^  in  eaeh  act  of  eoughing.  ronclnded  that  siieh  constant  spraying 
at  the  table  and  cUewlwrr  might  afloiil  an  explanation  why  jiiitii-nti* 
in  ihc  larly  <i:ip'  of  the  disejiw?  did  not  do  well  in  the  institution  where 
IiU  observation'-  weiv  nia<le,  iij  which  every  possible  attention  is  given 
to  venlilaliou,  light,  and  disinfection  of  sputum.  Hy  nicani*  of  tt  ^iinplv 
<Iwico,  the  spray  scut  out  by  oO  patients  was  collected,  and  then  siib- 

'  Zcttwlidfi  fiif  Hvfficiii-  ami  rnrfrii<in.kranliliciion,  XXV.  ( 1900).  p.  IS3.  . 

■  llnaloii  Mi'ilH'al  n'litl  Sunii.-iil  .t.»irnnl,  Ili'UiWr  I;!,1SW.  I 
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jtvt«(l  Ifi  irxatuiiMtiun  for  tbe  t'pn-ific  oi^nt^m,  nliiHi  wit<<  f>iuti<l  \a  rl 
ftt  eeat.  of  the  case».  Tbr  amallrst  niunbrr  fouml  in  any  »pei-im^ 
WW  4,  ADt)  in  fdlr  a  thtnl  On-  iNw-illt  were  wry  nuuMfniiitt. 

RarMuJ'^'   ex|hfiiuvnti«  <riih  wln-realnus  mws  have   pn>v«!  iIth 
tlu-r,   till,  wnd   fiirtfa   tfar  ladlti  ID  gmt  numbtn*    in   Um-  mt   «]) 

ExiN-riuimt*  nxMlurtnl  ml  Um'  AdinxMW'lt  CuttHgv  Siitiitiiriiiiu  hy 
th.  I.  II.  llaucr,*  for  i])c  |>urp»«  uf  drtornuaiu^  ihi-  tU^n^i.-  •>!'  lUiijitr 
■if  infection  wiieti  all  {K>>^il>lc  ^xtnibin'  mrtnirr  fiir  dbiitilVx-iiiiu  of 
i>|tiitiiin  an-  mfon^-').  Mipjmirt  Uit-  vifw  thiit  duet  in  tbe  mt  w  iiT 
8eca>u«bn-  imp! irtamv,  )>ut  dial,  wU-iv  cmrdneaeM  in  iiu»  r^pml  <ii>> 
tKitif,  ibt*  flunpT  ii>  K  ml  uM\  A  cucnplt^  exam i  tuition  wa#  madf  uT 
tl»e  gniup  of  buililit^.  some  of  whii-h  hml  Iwvn  txTUptttl  bv  onwomp- 
tivcM  fmr  rtt^'Mi  vkus.  I)ii!>t  mtw  4<i>lkrl<-<I  froui  |ilim-»  nuMl  likclr  tu 
be  iDlVvtcil,  :iri()  nitb  it  Al  i^ioes-pi^  nerv  iHix-^iUtc^l.  Four  iii'>cu> 
biKxl  witli  •iiL-t  fmtu  tbi,'  infirtmur  (a  buil<lii^  wbt-it*  nil  lltr  at-turk 
sick  nrv  #«nt),  umI  from  the  main  buildio^  (in  whii<li  urv  a  jarlnr,  ^t- 
di^-r(Nim  and  Hbmn- ).  dini  of  other  infMimi^  <>u  tlie  tliinl  to  ibe 
nixdi  day.  Fivr  nf  the  Icn  iDucttlalcd  wilIi  drift  fnwii  tin-  oldist  ««- 
ta^-.  wbieii  was  <H<«7ti)>i<il  by  a  luao  who  had  bt*«  (?»iiipUinc<l  "f  fi" 
pnuuiwruiwi*  »pittinf;.  IxT-amc  tubcTCTiloo!'.  Thum-  i»iK"iilat"i  willi  ll«' 
doet  from  the  ntber  building  gave  ncyatix'v  reMlts.  Dnrin):  i-lrvtii 
ynii*,  not  one  of  tlM-  20  to  2^,  atteixlnat^  an|>Ioy«d  had  de^ekpffl  1^ 

A>  Ui  ty|Jiiiid  ti'vrT.  ton,  (ipintfinii  arv  at  variaupir.  I'r.  Julii 
Brownlee  ri-ported  bt-finv  tin.-  (>Ia»g^>w  i*liil(>(u>]i)iicul  .Sx-kiy  an  «■ 
prnntrat  pn>viug  that  the  iipecilic  Iwcilli  <nn  live  in  urdiniin,-  tiuu. 
Bachn«r  is  i>(  the  opjninu  that  nriibcr  typhtitd  nor  oiht-r  foverHn'" 
tiiiin  U-  .-pniid. 

iVrhap<  tin-  most  exK-twivt  rcsM.ttrfli  nn  iIm-  »iil>}ivi  nf  tninpiuiwof'i' 
of  this  and  other  disea^c^  is  that  comlurtcd  by  I>r.  l-Aliiunhi  (ivmnni. 
Iti  Ilia  cxpcriiui'ntv,  be  usNd  variuun  kinds  of  dti»t  and  dirt,  nnd  fi^'"' 
hi*  result*,  he  ruiictiKlcs  thai  tin-  typhoid  pcmi  »»  nimble  l-i  willi'-ln'"' 
OtHUplete  dri'ing,  ainl  hence  itinnot  bf  tran-nniitinl  !•■  man  lbn>U(;li  d"^ 
Wlffiwntly  dr}-  r^  W  div^ininnttil  by  nir  rtinvuL-.  K\|>>-nniciil  shi>«w 
thai  iIm-  ^nn  van  live  for  a  long  time  in  moiv[  )^nrPHitt<lin^,  ncn  ■» 
an  np]wr(-ntly  dr^'  c<ondili()n,  llmi  i»,  wlirn  adb»vnt  to  or  enc<om|K-«*^ 
hy  nmUKt*  whi»'h  cimtnin  a  wrtain  iimiKint  "f  moi«tnrt'.  wn-h  ii-'*  cintb- 
ii^,  particlt*  of  din,  and  fi-wl  tilili.  XIo?ii  of  tbc  Ikk-IIU  div  ue  dni"? 
pn'jn^'uxrs,  but  fytnr  nn-  nioTc  "r  U--^'  ir-i-'laiit.  iImmi^Ii  noi  mii*«iniy 
dnngiTcHis  on  adniif«^ion  (o  air  i-nm-nt-.  >-\ncv  then  (vmptete  drj'iii^  ■a' 
conHHpient  death  occur.  Hh-}-  an-  dnng^cmns  only  in  vaae  of  iulf 
dixrtioii  into  tbc  ^-stvm  tlimugh  n>utac-t  willi  tbe  Angvrs,  food,  •' 
Bating  ulensiK 

'  rnivendtr  Uodim)  Mi|!uinr.  Novemlwr,  IMO. 

>  Mollol  tkvonl.  DmriuIxT  2S.  t»».\  1] 

uwl  lii.'iy-il.'i'ltnioklwtkii.  XXIV.,p.403;  XXV.,  pL  430 


THE  AIR  AS  A    CARRIER  OF  INFECTION. 


249 


li\'ith  rcgar<]  to  diphtheria,  Gerniano  foiini]  that  the  bacillus  with- 
»tuiKU  long  (IrviiiR  in  mcmbniiif*,  tisT<iiL«,  nml  ilnst.  c-vcii  whtii  the 
drj'ing  prr»«*?'  is  atwifiHtl  liy  sulphuric  arid  ;  anil  that  iti^  ivsii^tiiiH-e  ift 
f;r(?at«r  «c<;uixiinf{  Hi  the  uininiiit  of  ciivcloiHiig  mnlfriul  wliirh  rctuiiU 
i>\i(l:iliriti.  Win-ii  frnii|ilelfl_v  drv,  it  ]>n*frvew  its  vinileiK-i.'  ii]>  to  tht? 
liiiK'  it  ilies.  Hi'Mcr  liin  lii-liel'  tlijit  thiis  diHi.^iiNi.*  itiiiy  Ih-  iliHHcniitiiili'il  liv 
air  currents. 

W'ilh  r(^itnl  to  j)iioiimiiTiin,  erv.'<i|K>la.t,  ami  other  strejitociK'nin  iiifli- 
tions,  Germano  liiidt  thiit  the  rwistance  of  the  orgjiiii^m  In  the  liiyinn 
(mxif-ss  is  iilways  high,  though  it  varii-s  with  the  melhoti  iVtllnvvwl  and 
tile  nature  of  the  eiivehipinj;  inuterial,  and  iniiv  jiersi.-il  a  nnniUT  nf 
niouthn.  Transminwion  tlirongli  the  air  is  extremely  pi-obable.  The 
fiiplococci,  ill  Kcriend,  bi-ar  dning  for  u  long  time ;  :*i>ine  vui-ictiin  live 
longer  when  drial  than  if  moist,  and  some  possess  but  little  rceistanoc; 
but  tlif  nipidity  of  the  drying  pi-ocisn  with  niedinrn  ti-ijijHratniv  dtws 
not  affect  the  result.  He  found  that  the  ebnleni  in'piTii^ni  retains  it« 
viriileiirt-  only  no  long  as  it  n^inainri  moist,  and  dies  ijoiekly  on  drying, 
[Mirticularly  if  the  prows*  i*  htt»te»e<i.  He  coiielndtil  tiiut  dis^eniinu- 
tioii  hy  air  is  nia>*t  highly  improbable. 

(Jerraano'i  work  witii  the  plagiif  bueilliiK  coiifinnH  the  n'«ults  an- 
nounced by  Kit:L<tto  and  W'ilni.  This  organism  does  not  wttlistimd 
drying,  but  live^  a  long  llmi-  in  u  moist  eonililloii.  It  r(-riiain.'>  active 
fairly  long  when  drie*!  on  cloth,  Iwcause  then  complete  drying  rw|uire^ 
a  long  time,  iind  thus  m;iy  In*  e.'C|iliiiflod  the  daiigi-r  of  infwtion  reoog- 
nized  to  exwt  in  infected  clothing. 

OrrnuiniiN  fxperinients  wilh  the  diplocooen.s  of  epidemic  cercbrtv 
spinal  meningitis  agree  in  results  with  those  of  Jiiger,  who  found  the 
orgituism  in  tin  active  etmdition  in  a  handkiTi^hief  six  wcek.x  after  use 
by  a  ]Nitieut  sick  with  the  diwiiw.-,  Oeniumo  showi^  that  it  Indongs  to 
the  clas^  of  baeteria  which  ojuxwe  the  gmitest  possible  resistance  to 
drying,  whether  the  pnH-iTki  is  plow  or  quick,  and  whether  iwfisted  liy 
the  iiction  of  snl]ihurie  acid  ;  and  coiichi<les  that  it  may  without  diffi- 
enlti'  (iitvr  the  air  in  the  fop-ni  of  ihist,  and  ihii.'s  .spn'itd  the  infection. 
This  view  is  sup[M)ite<l  by  Buchanan,'  who  argues  fix)ni  the  fact  that, 
of  (iticiiscM  whieh  ca.mt-  luider  his  oiiwrvHt ion,  .'>7  wen-  in  nic'ii  who 
followed  cKriijNitiou*  in  whidi  they  were  ex|«'wd  to  du»t,  the  -iHciHc 
or;;-jnisnis  are  thus  conveyed. 

l*r.  Max  Neis*«'r,'  working  in  the  «tme  line  ac  Geiniiinii,  wilh  an 
apparatus*  of  his  own  de^-ign,  which  maintains  a  constant  a^pimtion 
i-iirn-nt  of  ihisiy  inf<s*ti-il  air,  disjigretw  as  to  the  pneiiriiiicneens,  inas- 
much as.  while  mice,  inoculated  with  infected  dust,  dicil  from  the  in- 
fii'tioii  without  cJciTpiion,  2-1  others,  imx-nlaliil  with  the  dnst  after 
it  had  been  m>nt  thn:)Ugh  the  uppanitus  in  n  current  of  air,  ^vc  ul>wv- 
Intely  mtgative  remilts.  His  e\|>criments  with  various  oi^mi^ms  led 
him  to  the  conehision  that  du*1  infci.-tion  is  iin(iowible  witli  tin-  oi^ni- 
isms  of  diphtheria,  typhoid  fever,  cholera,  plague,  and  pneumonia,  but 

'  BrilUli  Midi<-n1  Jounial.  S<;pti:mbrr  11.  hKH. 

'  ZalucLrift  fUr  IlyKiviiv  iind  Trileeliucisk rank b<;[ leu,  XXVI.,  p.  ITA. 
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possible  with  Staphyiocoerut  pyognta  n»rvti«,  B.  pyoeyaneus,  B, 
Uuxieu,  B.  hUnTruf*m»,  and  nK>riingooncciit>^ 

NeM^tV)^  coofldf^mtM,  fo  far  ai-  tUey  relate  to  diplithf^nn.  are  op[ 
tn  the  reniiltA  aliiiiinod  liv  Uiohanlii'ro  and  Tollciiu'r,'  \\\ut  itnuU'.  r  ^ti^ 
of  c^iiniinutionH  of  thv  iiir  uf  iliphtlicm  uiiixU  of  tin-  ll^pital  Tn>i^ 
6cau.  In  oDe  m>t  nf  fxpei'imcuis,  iW  ^'ardo  lta<)  not  beL-ii  <li9iufK-t  4 
lor  wvvnil  wifko;  1111(1  in  iinotkof,  tht-  cicjiniinntioiw  wm-  mwlr  nf^ 
ilisinrccliiin  had  Win  <.t1iTi1.1l  imt.  The  n.-Kidl»  «howt<)  tlml  iidii 
di|ihtli<-Hii  iMK'illi  u'l-ir-  |inH'iii  in  llw  »ir  nliich  had  t»>t  tindrn.i>i 
tliMiifn-tion.  Tile  lin(.'lcriolofpi^l  tuite  wi-rc  ountrullvd  hy  inuaibilidi 
ex|M-nm4'»t.-<  with  aiiimniK 

Willi  n-gunl  to  (he  po^f^iitilitv' of  eprtitiling  cholvni  giMro^^  tliMi^ 
the  :i(p-nov  i)f' Hi4»vin((  air,  Dr.  N.  William*  Iw-n  rejorted  that,  whiit 
tluil  iiicniiM  hat  bttii  n-jrai\l«l  n>^  «wt  fuvoralde,  in  aitnal  cxin-rinuiii 
it  finis.  Mixed  wnth  dn'  duf^t,  tin-  (iemis  live  but  a  &hi>n  tinuMml 
perish  ninn.-  qiiicklv  wlicn  a  nirrcnl  nf  tiir  is  cotHlnclctl  ihniugb  At 
mteu  Wlicn  the  dun*  is  diiiiributed  thntugh  Unv'  voluiww  of  iiif.  At 
^■rmn  die  rapidlv,  and  whvit  t\w  iin|>n'^nati><l  dnst  ii>  U-t  fall  upon  a 
(iiitlabtc  cullurv,  only  11  ven.'  >.mall  pi-oiwrlion  of  livinf;  OTi^niiaa."  cw 
be  found.  In  otln-r  wonis,  clinli-ra  gonns  adherent  to  dnrt  [luriid" 
flcMtiii);  ill  mid  movwl  about  by  air,  do  not  niitin  their  activity  for  an* 
leufrth  of  time  nor  Ihrou^ii  any  considerable  distanw. 

Tlur  <'XjKTimvnt*  of  Honwll  *  indicAtv  (Imt  th»-  rbntcn  nrpuii.-m  fini« 
no  favoring  omditioni^  for  it«  passage  into  the  air  from  it*  sitimtioDin 
privy  vault<>. 

I'iie  Mib)<>rt  of  danger  of  cbolera  infection  by  (ln»t  from  baled  np* 
yvan  considonxl  tlioroiijjhiy  at  th<^  Drwden  Cholera  ConferenctiainJ'' 
wtm  foniid  ini)MK«ii>le  then  to  quote-  a  single  cow  in  which  iofSKtwo 
e-oiild  be  tnicfil  t<i  this  »(>nrc«, 

Aepording  to  Pr.  E.  W.  Ho]X','  niniiwpheric  dnM  is  lantely  rwp*' 
ribk*  for  the  !«])n«d  of  infantile  diarrhcwi  in  citiw*  and  large  lo"* 
where,  from  unavoichible  caucoi*,  the  air  Ijecomes  moiv  or  le«  Wffl 
with  filth.  He  presents  evidcnw  of  the  lut^Knation  of  rainliill  ""^ 
iti<  attendant  vleiiiiHing  of  (Ik-  atiiiot>j)lien;  with  dintinifliod  muttivliiy 
from  choleraie  diarrbn^,  as  follows : 
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■  QttMt*  dm  MoHillm  tnr<ir>(il».  NV  10.  ie<Mi. 

*  ZelDChrift  r^it  lI.Tnii-iii-  rtnil  Irifivtioh-ktiiiikliritrn,  XV.  (1893),  f.  16& 

*  Alt»i(«ii  u>»  dvm  j>[itlinlii|;-niuiluiiiiM-bi-ii  hwtilut  ni  T&btiiKm,  ISH. 
•P>i)>llclInllh,Ju1v,  ISOe. 
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Influence  of  Tog. 

I)u.*t  niul  iniii»tiirtt  tup-rlit-r  in  tho  form  of  Pij;  afl'oct  tlic  hcjiltli  nf 
large  coin  mil  nitiee  in  a  niiirkod  dt-gree.  Jii  a  wlill  air  nrarlv  or  i-om- 
ploMy  n:i(iinitt<il  witli  tu|iii>niis  VH|ior  ami  itinliiiriiii);  iinliii:irv  iliot  and 
^nioke,  a  fall  in  ttmiwraliiro  caiinios  tiidi  psirticle  of  dust  aiitl  soot  lo 
btioome  llu-  niiclini.^  of  a  niiniiU^  i)ni|ili>t  of  (>iiii()i>nM-()  moisture.  Tht^^e 
counties  ilntpletK  tn  a  isliiH-  of  "iixpcuiiiion  furni  a  inure  ur  lo(f«  iloii»c 
blaiikot  of  ti^,  which  impfdo^  dispersion  of  ilie  inipiiritii's  givon  off 
liy  iiiitunl  prot'i'SKtw  ami  a*  [iiiidiu'ls  nf  ccmilnirilion,  WhiU-  ordiruirv 
coiiniry  and  weasliorc  fogs  are  not  known  to  fxert  deleterious  etlecte, 
in  ^miiky  oiticv,   like   Ijniidim,    the  tii-H'  \*  qiiit'C  dit)i.'-n^nt. 

it  is  a  we!I-recogniKed  fact  iliat,  during  [wriods  of  heavy  fogs  in 
man ntiiotii ring  wiiH-rs,  tlie  nnirhidily  and  niortaliiy  from  re.-^pir.Uory 
di«"ase  are  incn-a-ed  very  greatly,  and  that,  as  the  atuiospheri'  oli-Jirs,  u 
sharp  d(fiin(>  follows.  In  London,  for  <-xaiiiple,  the  usual  deaih-rac« 
fn>ra  all  caui^i^  has  Iwen  known  to  hewunc  utinoHl  doiiMiil  during  a 
fortnight  of  oonlinu<-d  densp,  smoky  fog,  and  then  to  return  to  ita 
normal  lignre  with  the  advent  of  elear  wmllier,  ihi'  ini^ri-iuie  being  diie 
parlieularly  to  bronchitis  and  other  affeetions  of  the  r(v|>ir,itory  tract, 
altrihiiKil  to  [he  irriluting  iiitlueiiee  of  the  finely  dividtn]  {>art4cle.4  of 
soot  and  the  acids  which  accompsiny  them. 

During  the  prevalenee  of  thi<'k  fogs,  the  air  being  nectwsarily  in  a 

J  nan  C  condition,  it  has  been  observed  that  the  (nirbori  dioxide  eontent 
inerwisw  progressively.  During  one  wic-li  )MTiini  following  bright 
weather,  tho  air  of  London  ai'quired,  in  four  days,  three  and  a  liidf 
timeit  it6  normal  content  of  thi^  gti». 

The  importance  of  smoke,  both  as  a  promoter  of  diifcnse  nn<i  on  no 
eount  of  it*  corrosive  and  disfiguring  aetion  on  buildings,  and  also  on 
nwonnt  of  the  obstrnctiou  of  light,  ha*  Iwl  to  much  legislation  and  t" 
the  exercise  of  inventive  genius  for  deviling  moans  for  the  prevention 
of  iLs  dii^mrgo  in  obji-etionnble  amonntd  iiitii  the  atmoi'|ihere  of  cities. 
Many  patents  have  been  grante<!  for  Bmoke-eonsuming  device,  the 
majority  of  which  have  bii-n  found  to  work  unsaiisfiuilorily.  The 
nio«t  cHi'ctive  invention,  which  gives  promise  of  solving  the  pi-oblem 
most  oo[uplet<dy,  is  oni-  which  h:L-<  bcvn  brought  to  the  attention  of  the 
I)i-)iartment  of  Stiite  by  Consid  General  M!1»<)D.'  Tliii<  pn >»:'*«  e»ii Bint* 
in  distributing  healed  and  sliglilly  ej^rnpit'-seil  air  through  hollow  grat« 
liars  to  the  whole  lower  jinrfaw  of  the  furuacr-.  Not  only  is  praelindly 
perfect  eonihnstion  attained,  but  iniinen^te  saving  of  expense  is  ]>ofislblf, 
sinoe  what  are  onlinarily  un.-salal>l£  low-grade  cnals  can  be  employed  to 
grmt<i«t  advantage. 

Examination  of  Air. 

For  all  praetical  puqtoscs,  the  examination  of  air  may  be  restricted 
to  the  determination  of  the  amount?  of  aqneous  vapor  «i>d  eiirlH>n 
dioxid«.  The  essential  element,  oxygen,  fluctuates  within  such  verj- 
'  Commkr  Hvpotu,  J8WJ,  ji.  <9!, 
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Damiw  limits  that  it-  ftitimation  is  a  matter  of  pofdv  sdenlifie  tnt« 
giiul,  ttiun-ovrr,  iIm-  jinxiz^?  l<  iiik*  which  (IcnuimU  a  tuudi  h^ 
dcKTK  uT  tuanipuUti\'e  $kUI  titan  is  pcis^>»;ec<d  by  tbow  to  vrbooi  the 
tit-'k  of  making  isanitari'  rjuniiivttion.'i  onltimrilv  full*.  T\w  ebief  or>E 
«ltuu-nt,  nitnqrt^D,  i^  prariiciilly  cim^tunt  in  amount,  aw)  it»  dcrtcnni 
lion  wiiuld  fvrve  no  uvfiil  jmrpiK,  ^VhaleA'er  is  the  caDf«  ttf  ibe 
drU-t«'riii(i.«  cBV-ttj'  (if  xn  ulnnwphcfv  viiiatwl  bj-  nwpJmti'iu,  whctiter  it 
be  carbon  dioxide  or  the  or^anio  matters  given  off  by  the  body,  this  at 
luL-t  i>  tx-naiii.  iluil  ibr  amount  nC  fuHiDii  dinxid*'  wrxts  as  an  imk*! 
of  impurity,  iind  that  the  amount  of  a()U<vKi-  vapor  ie  of  mn<^iilcraf>lp 
.sanitan'  im|M>nam-f.  In  8^>e<-bil  m.-^^  it  U  iiii{)onant  K<  look  for  that 
mwl  (lnii}^rou»  contamination,  t^arixm  mimoxide,  wbirb,  comii^  rvcn 
in  verA-  small  amoimti^  from  leaking  ga.-  pipes  and  otbrr  soorces,  exerts 
a  itcriilcilly  dcb^b'ritwiT'  inRnenoi;.  In  tlK-  mind«  of  many,  the  te*t  ft>r 
ozone  is  also  of  importance. 

In  aiMiri<>n  ii-  ctuiiiii^t  aDalynU,  ibi.-  determination  of  the  amount 
of  du»t  and  the  number  iumI  varieties  of  nucn>-or]ganwDe  prewot  ma^^ 
be  of  ioleresi  and  importance. 

DetemunatioD  of  Aqneoos  Vapor. — Aa  ba»  Uvn  stated  above, 
volume  of  air  at  a  given  itmperalure  can  bold  a  definite  amount 
moUuirv,  and  no  morv,  and  wbm  thid  amount  is  preeent  the  air  i^  mid 

Pn-fli 


to  beSMtacatod.     TV  amiont  which  a  vnlnaK  of  an-  eootains  eoaMi* 
tafen  Hb  ab^Imr  baMafity,  and  the  diSemice  btt>yeo  this  and 
^y^—t  which  it  i»  poiMtUe  for  it  lo  hetd  h  kiwn  a*  h^  Atai 
ill  fc  ii  iM  I      TV  rat>>  which  itr  abinfaitc  hnnudity  bean*  to  iu 
onatmt  »  kiMww  as  its  irlaiin  bam'ulity. 

mnrt  IMH^tatte  of  Mafstsr*  trr  Wai(Ua|. — Prefiai*  two  widfr- 
tBaatbnl  Sask*  of  abo«rt  150  «c-  ""f**^  ™  ^»  (dUmwf  mannrr: 
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Pruvidf  i-ach  with  a  tightly  fitting  rublxT  stjjpper  with  two  perforations, 
through  which  arc  iiir-frunl  iw<'  jiiti'CH  oi'  gla.-f>  tiihing  Ix-iit  at  ii  right 
Hiigk-,  Olio  iif  those  reiu-hc"  tu  tlit-  biilt'im  of  tlii'  Husk,  imd  si.-rvrs  as 
an  inlet ;  the  other  extends  only  a  whorl  diwijince  Iwhiw  the  ftto|)[H'r, 
:iiid  »crv(.i>  il*  itii  inillt'l.  Fill  tin-  tliLikn  with  i^imill  pii'iv.''  I'f  iiiiiiiira 
wlii<:h  have  bwn  halted  to  a  high  teiiijwriitdre  over  a  Ittinnen  burner, 
iIni[)}Hi]  whil<-  hot  into  ■■<>ii(fiiliiile<1  .Hiil|ilinri<r  acid,  n-auivi-d  thcrdi'Diu, 
and  i|iii<-kly  dniincd.  The  two  flai^k^  thus  tilletl,  and  with  !-tiip{R>rii 
tightly  Inscrttil,  urtt  tlii-ii  lo  ?«e  tionneeied  hy  nleau^  of  a  shoit  jiiw-e  of 
nihbcr  tubing,  the  inlet  of  one  joining  the  muh't  oi'  the  othei'.  They 
are  then  weighcil.  The  flawk  with  the  free  outlet  tul)e  is  now  to  be 
<-onn(i'teil  with  an  aj-jiinitor,  by  niiiiiis  of  wliii-li  from  20  to  ■'»0  lilvn* 
of  air  art-  drawn  llirough.  As  the  air  oouie'-  in  contact  with  the  |iiniiiee 
Mtlnnitcd  with  Mdphunc  acid,  it*  nioii^tuix'  l'  iiliM>rlKvl  and  rt'tnine*).  At 
the  eX]>iration  of  the  aspirating  piiicoss,  the  flasks  are  disennueclwl  from 
llu'  «.-s[3inilor  and  ii^iin  \vi'i<i;lK'ii.  The  inorejL'^  in  weight  rejirvscnts 
the  aniouni  of  moisture  in  the  volume  oi'  air 
nmil.  Theap|NitatiinH.->hown  in  i'"ig.  !'.  Know- 
ing the  tenijx'i'itture  of  the  air,  one  «iu  then 
ea-ily  determine  the  ivlalive  humidity  by  refer- 
enec  to  the  table  Ik.'1ow,  wliieh  gliowi*  the  maxi- 
mum humidity  }>osnibleat  different  teni)>er)itures. 

TAfiLK  OF  MAXIMUM  WATER  CAPACITY  FOK 
TEN  I-ITEKS  OF  AIM. 
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DetermiiuttJos  of  Relattva  Hnmldlt?  br  the 
wet  ud  dry  Thennometer  Bulbs.  Tlii>  instru- 
ment, which  is  known  also  as  the  psychrom- 
eter,  consists  of  a  pair  of  aiMrunile  tliL-rmoni- 
Here  on  an  upright  ^up]Kirt..  Tlie  bulb  of  one 
ia  free ;  that  of  the  other  ia  covored  with    a 
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layer  of  mufllin  kept  inoisteuetl  by  means  of  a  piece  of  wicking  which 
ilijts  into  II  ?niull  vwwl  of  wiiUt  hnn'iilli.  (Sii-  Ki|r.  lU.j  In  a  witii- 
mtej  atniospliere,  no  cvai>oraliini  can  'jcciir  J'rcmi  llic  wet  niii<iliii  :  hut 
in  one  not  Mitiiraiod,  the  i>riH'i'.-w  jfin*  on  willi  varying  rapiJiU'.  ]vva[»- 
oration  ^  a  proce«-  which  requires  hiiil  smd  wmi-i-s  a  lowering  of  the 
leniporatnrf  of  the  moiril  .■iiirfact- ;  the  more  rapid  its  rate,  the  greater 
tile  alls tiiic-t ion  of  licm.  The  lirkr  the  iilinnsphoiv,  iho  grcuUT  the  rato 
of  evajMration,  and,  therefore,  the  j^rtiiter  the  IJill  in  Ieinj)eraiure,  If 
the  ini^tninient  if  pljuxfl  in  a  »utunited  atiiiosphen?,  the  Iwo  iheniiom- 
eters  will  give  the  same  reatiings ;  but  in  one  not  saturated,  the  wet 
thermoint't^T  will  tiill  gnidtinliy  urnil  the  tem{H'r»tijn-  of  the  snrtii<v  of 
itxbiiil)  \s  nearly  ai-  hnv  us  that  of  the  dew-|n>int  ;  tliat  is,  tiillt.  to  that 
ixiinl  at  which  air  at  the  inil)e;ile(i  tem|K'raIurc  in  ^o  satumtwl  that  a 
tiirllicr  hiwei'ing  would  lie  followetl  hy  eondciiHition  of  inoirturc.  A» 
a  matter  of  tact,  the  wet  thermometer  di>ea  not  fall  so  far  in  a  quiet 
air,  sinw  ils  bidh  bet'oine^?  finrriinndul  hy  n  layer  of  ^tdigriant  xjitnriili-d 
air,  and  I'eceivo.s  more  or  Icfis  h«it  fn)m  the  nnrrounding  warmei' 
atmosplien;.  Aj^nn,  in  a  Kutuniled  al monphei'c.-,  the  wel  tiierrnomete.r 
may  stnnd  itHghtly  higher  than  (he  diy  one,  owing  to  the  &ct  that  its 
covering  protects  it  from  lo»f  of  heat  hy  radiation. 
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15,67               ■ 

H 

—  8.ii        0.0BO 

2.28 

66 

18.9 

0.l!3e 

16.23               ■ 

^B 

—  8.3         0.0H4 

2.MS 

67 

10.4 

0.H6I 

16.79              fl 

^1 

-  —  7.8    '      O.098 

2.49 

68 

20.0 

0,Q84 

^^M 

H 

—  7.2         0.103 

2.G2 

69 

20.6 

0.708 

17.96      ^^M 

^M          so 

—  e,T 

0.108 

2,74 

TO 

Sl.l 

0,733 

18.«S      ^^1 

^1 

—  0,1 

0.113 

S.87 

7X 

S1.7 

0,759 

19.88      ^^M 

■         as 

-  6.6 

0.1  IS 

3.00 

78 

S8.2 

0.785 

19.94      ^^H 

^M             £» 

—  .iO 

0.123 

3.12 

7$ 

S3.8 

0.812 

S0.«8      ^^M 

^1 

—  4.4 

ai2si 

3.28 

74 

23,3 

0,840 

21.34      ^^M 

^H              2S 

—  3,9 

0.135 

3.43 

76 

S3.9 

0,S68 

22.06            V 

^ft             SG 

—  3.3 

0.141 

3.a8 

76 

24.4 

0,897 

22.7S               ■ 

^^K      S' 

—  2.8 

0.147 

173 

77 

86.0 

0,927 

23.55               ■ 

^^B   >8 

-  2.3 

0,153 

3.S8 

7S 

SIl8 

0,958 

24.33               ■ 

^^^   » 

—  1.7 

0.1  iIO 

4.06 

79 

86.1 

0,(190 

^■>.1.S               ■ 

^B          so 

—  l.l 

0.167 

4.24 

SO 

28.7 

1.(121! 

25.98               ■ 

H 

—  0.8 

0.174 

4.41 

81 

27.2 

1.057 

26.«$               ■ 

■ 

—  0.0 

0.181 

4.00 

8S 

S7.H 

1.WI2          27.T4               ■ 

^M             8S 

+  0.6 

0.188 

4.78 

83 

S8.3 

1.128     '      28.65              ■ 

■ 

1  1 

0.106 

4.03 

84 

28.9 

I.lei5     ,      29.59       ^^M 

^1             8S 

I.T 

02IU 

•VIS 

85 

S9.4 

1.203          3»..»        ^^M 

^M         sa 

a.2 

0.212 

3.38 

86 

30.0 

1.242    1      31.5a       ^^M 

^M 

2.8 

0.220 

5.fi8 

87 

3ail 

1.292  1    3.-<.sa     ^^M 

^M         as 

3.3 

(1.329 

b.82 

8H 

31.1 

t.%>3          33.00       ^^H 

^B 

3.9 

0.238 

H.04 

89 

.•il.7 

1.306          34.69       ^^H 

^H. 

44 

0.247 

6.27 

90 

.^a 

1.410          35.81       ^^H 

^^C 

&.0 

I).2.*i7 

fiA3 

91 

32J) 

1.+.M          3i!.95              H 

^^P 

&6 

0.267 

6.78 

92 

33,3 

1.501     ',      38.18               ■ 

^F 

6.1 

0.277 

7.04 

83 

S3,B 

1.548 

30.31               H 

■ 

6.7 

0.2»< 

:j2 

»4 

34.4 

1.596 

40.n3               ■ 

H 

7.S 

0.2fi9 

7.39      I       05 

35.0 

MI46 

41, Ml               ■ 

H 

T.8 

0.311 

7.B0      1       96 

S6.6 

1.697 

4a09              ■ 

^^_      47 

8.3 

(1.323 

aw            97 

S6.1 

1.749 

44.42               ■ 

^^K  ^ 

8.9   1     0.335 

8.51              98 

36.7 

I.80S    '     4Sl77              ■ 

^^V  * 

9^4        0.34S 

i.U              99 

37.2 

1JU>6     1      47.14               ■ 

^^^    » 

IOlO        0.361 

9.17      1      100 

3T.8 

1.911    1     4&54              ■ 

L           J 
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Having  now  dctcrminoil  the  dc-w-pnint,  tlic  i»ox(  !*tc|i  tn  i»i  uMVrtiiin 
tlii>  plastic  t«if>ion  of  tlie  \'apur  pret^cnt  in  th«  air,  that  i»,  llie  ti'tiskm 
of  the  <Iew-|>niiiI,  1111(1  ttu>  U'li.iion  <>rthitt  nt^t^wiiri-  lor  SHiumtinii  at  tiw 
lrm|H'r,itiin:'  nf  tlie  ilr)'  bulb,  which  data  can  hv  ubtaitml  by  reference 
to  the  tilhlf  oil  |iug«-  ;i.Vi. 

Krojii  liitsK-  ncvi-rjil  <latii  llic  n'lativt-  humidity  is  ralctilated  a*  fol- 
lows ;  Oivide  thf  tension  of  the  dt'w-[»oiiit  by  that  of  saturatiim  at  the 
aetiiii)  tem|H--niturc,  niid  niiilliply  by  100. 

Example : 

RcnitiniE  of  dry  ba!b  —  HT* 
I{«iilinK  nf  wel  biiQi  -  62." 
Ik'w  ixiSiii  =  fiT— (fiXI-eO)  =  «7— 9  =  6e» 

KoliiUve  hiimiiJiij      =  "'^  X  IM  =  72.02  ptr  c«nt. 

Up 'hi J 

More  u*vunit«  determination  may  be  made  hy  employing  the 
**  whirled  "  or  '■  sling  "  tlii-riiKunclt^T'.  Thiwt-  ne^  IJLst^nm  Ui  a  iitring 
rtf  [iiirh  a  li-ii);lh  llial  ihi-  distaiiot'  from  the  biilb^  to  the  held  end  is 
exactly  a  iiieter.  lu  ubi-,  ihi-y  art;  whirliil  in  a  honiHiiilal  plane  lOO 
tinied  at  the  rate  of  one  revolution   |wr  w'wjnil.     By  iheir  ii*c.  tho 

ermra  mt^ntioin-d  as  liki'ly  to  oecur  when  tbe 
iib'^-milionf  nix-  made  in  i<l!ll  air  iin-  eliini> 
nated.  For  all  pmetienl  pnr[iose6,  the  use  of 
thi-  thvriiioiiii-t<-r>  in  the  iiniiimn'  way  ^ivt>s 
Bufliciently  aeeuraie  results. 

In  making  ddemiiimtinn^  out  of  doors 
when  ihe  teinperatiire  is  below  the  freeiuu^ 
|Hiint,  tile  wi<'k  niitv  Ik-  di.iiM'iiKi'd  with,  and 
the  Iiulb  is  then  wetti-d  by  dipping  it  into 
water,  the  i-xcwss  iK-iiig  rcmov«>d  by  means 
of  filter-fmiKT  or  common  blottinft-fwil'er,  or 
water  may  he  npplii-d  with  a  eamiJ'&-hair 
|)encil.  Bilow  thi>  fneKinn-puinl,  hnwcviT, 
thf-  rehitive  humidity  is  of  little  hygienic 
intcR-Nt,  since  the  ttnioiiiit  of  niiii;«tun-  wliieh 
ail'  then  can  contain  is  but  slight. 

A  very  (•onviMiienl  iiiAtnimcnt  for  quick 
approximate  dttenninalinnf!  witlioul  tiiv 
1 1  (-1  ■<■-■«.■.  ily  of  tables  and  eoinpntalion  is 
known  as  tlic  hypn^phuiit  iif  Winlock  and 
H I idd lesion.  It  consist*  of  a  |)air  of  ther- 
riionK't<'r»  and  a  i-yliuder,  i]|)on  which  is 
inserilxO  a  scries  of  2«  cohtnin^  of  fi^jiire* 
nnnilHTctl  fnini  I  to  '22,  any  one  of  which 
may,  by  ii  turn  of  a  knob,  Ik-  brouphl  into 
appof^ition  with  a  lixed  seale  on  the  easing.  (See  Fiji.  ll.|  To  a«cer- 
tiiin  the  n-lative  humidity,  note  tin- dilVen-nw  in  llic  nwdinp*  of  the 
themiometcnt,  turn  tin-  cylinder,  until  tlic  column  lidvinp;  at  its  top 
ihe  nnnda-T  eorrcspondiug  to  the  dillt'i-enee  ap]H-nrs  iipp«M^ite  the  scale, 


I 
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and  read  tlio  ligiiroi^  opjiiiMitv  the  number  corix'i^pouiliug  to  the  tem- 
peraliire  of  Uip  wet  bulb. 

Kuadiutc  of  dry  bulli  =  72' 
Kcoding  of  wM  bulb  =  80' 


Fi«.  12. 


le  cylinder  la  turnetl  until  oolumn  12  appeiirs,  Oitpoaite  CO  of  the 
waif,  tlio  n'si'ling  U  4(i ;  and  llii.*  i.-t  njiproxi mutely  tliu  {wrwHtup-  of 
Baliir.ition  pri*eiil. 

Determination  of  Carbon  Dioxide. — For  thv  c-Mlix-timi  itf  .-MmipUK 
of  air  for  tliis  dileriui nation,  it  !»  well  to  provide  ii  number  of  bottler 
tif  iilxiiit  »  fpilliiu  i-inHH'Itv.  Tliiwt-  slxiiild,  lirsl  of  all,  Iw  iiiiiisiiiTd 
very  caivfully.  This  may  be  done  by  filling  lliem  witfi  iw  water  anil 
noting  tb(t  niiiiilKr  uf  i^.  ifijuired,  or  by  deteriuining  by  nieann  of  plat- 
form scales  !i«'nsitive  to  5  grams  tlio  dilferenix;  IkjIWi-cii  tiieir  weijjiita 
i'niply  mill  lilbfl.  It  is  well  to  plaee  a  dir.tinfrLishit)jf  number  ami  iho 
figuri's  ilenoting  it-'  wipufity  on  «ii'ii  IwilUf,  liibir  on  ii  laUl,  or,  Inllcr, 
by  uic9in!«  of  a  wriling  diamond.  WTiea  used,  tJie  bottle  aboidd  be 
perft-olly  cktin  and  diy. 

When  it  is  net-ei^sanr'  to  employ  the  Aam«  bottle  again,  time  being  an 
objwt,  tile  ilrving  pnxv.'s  is  biL-itcncd  vcrv  inu<-li  by  wifliitig  tirsl  with 
water,  then  with  n  little  uleohol  to  remove  tbe  cniaH  amount  of  water 
which  will  nor  dniin  away,  aii<l,  llnally,  wilb  a  little  ether  for  rlit-  rtv 
moval  of  the  re><i4lunm  of  aleohol.  The  small  amount  of  adherent  etlier 
mav  then  Ih.'  remov^il  bv  blowinfj  a  (■iirrriit  of  air 
into  tbe  bottle  bv  nieaiH  of  a  Iwlloww,  A  numlwr 
of  tightly  lifting  riibl.n-r  eiip«  should  Ix'  providiil 
in  place  of  corke  or  rubber  stopjjers,  though  if 
Ui'»4r  lire*  not  at  bund,  ihi-  lalt<>r  may  lie  nst-d ;  but 
note  !^liould  Ix-  made  of  the  Vfihmic  of  air  which 
they  diriphicf  whin  ihey  aro  inserteii. 

Solutions  Required. — I,  SijumnN  of  liAWtrM 
Hydratf. — Ditwolvo  about  4,.t  grani»  of  liiuium 
hydrate  ami  O.o  of  barium  chiori<]c  in  a  liter  of 
dixtilled  water  whieli  previouwly  has  iKfii  boilc«l, 
in  order  to  (.'Xiu'!  any  rjirlmn  dirixi<le  which  it  may 
contain.  It  i.«  well  to  preiiai-e  an  amonnl  siif- 
fieicnt  for  fnturt'  mi-d*,  «iy  1  liter!?,  and  to  keep 
it  in  3  bottle  <uch  ae  is  shown  in  Fit;.  I'i.  This 
is  jinividdl  with  a  rnlilKT  -tf^ipiMT  with  two  |ter- 
furationic,  through  one  of  which  a  bent  tulx-,  reaeh- 
injj  til  the  lM)ttom,  and  intende<I  for  witlidiiiwal 
of  the  reagent,  is  inserted.  Through  the  other 
is  carried  a  tube  ext^-nding  only  into  the  neek, 
and  I't^mmnuicating  at  it«  miter  extrr^mily  with 
a  U-tulte  lilied  with  pieei-.'i  of  pumice  Koakcl  while  hot  in  a  strong 
iitJution  of  caustic  potoah.  The  deliver;  tube  i»iTic«  at  its  outer 
17 


Boltic  for  bnrliin 
lil<lnt«. 
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eud  a  )>icc«  of  clcMely  fitting  nililMT  tubing,  vrhi<-li  in  kr[K  clawed  fr| 
im-afw  <>r  n  pinfhc«>ck. 

Ill  witlidrawiit^  th«  ruigent  f4>r  ane,  a  I0<>  m-.  ]ii[>i-tli*  U  inseitrd 
itil<>  Uh*  fnv  rnd  of  thi-  nibbrr  tube,  Htctinn  U  kjiiiIimI,  anil  tlv 
panchoock  U  (ipen«l.  When  iW  |>i]>ettc  is  tillwl  ti.  iIk  mark,  itw 
fMvsstin'  U  nituiv^il  from  ibi-  iiiiK-hc^M'k  nnci  iIh-  )ii|H-tu-  n-liwnL  Ai 
tl>e  reagent  'is  wiliidrawn,  air  Hows  in  tlir««tgl)  l)ti-  other  ujwnint:.  mil 
is  robbod  of  itct  csrboii  dioxide  by  contact  with  lIm-  (nii^tii-  jKitnHh  with 
wliicii  ihp  pumin?  Wm  Utii  rluirgiHl.  Ttii«  n-ugi-nl  iii  uttA  ("t  tW 
ahx>q>tion  of  tin'  rarlMni  dioxkio  coutaiiiwl  in  tin-  Min)]ile  of  air  under 
t'.viiiiiiiuilion.     TIh'  rtiK-tiou  i»  rxprvKM-d  by  tl)c  following  fomiub: 

IWl,!!,- CO,=B.t<\+H,0. 

The  fiiiM^ion  of  tho  hsrium  rhioridfl  b  exp(aitH<d  1>r]ow. 

2.  f*rA\T»ABD  SoMTioN  OP  OXAi.ir  ActiJ. — I>i>»ol\-i-  2.R08  pnini* 
of  pure  nxniio  ucid  in  a  liter  of  diiitilird  water.  One  oc.  of  ihii^  m<1ii- 
tton  U  <<i[uivulpnt  to  (t.H  4<e.  of  ciirlion  dioxid** ;  tlinl  in  to  !<sy,  ^<ll 
nmtralin-  t)ie  mnie  amunnt  of  ImHum  liydrute  as  will  combine  iriA 
carbon  dioxide  to  form  bariiiiii  cartionaltf. 

:t,    SoMTION      OF     FllENl>I.I>IITIIAI.EI>'. — Dtt*«lve    0,5      (tlBDl    rf 

plu-iHilphlhalein    in    UMt  oc.  of    ali-otiol.     TtiLi  Miltition   i^  ib«tl  wU 
"indicator"  of  tdkutinity. 

FroMBs  of  AsalyaU. — The  pro«?ss  of  aaalyBifl  depends  iipoo  tbr  U 
that  hIhii  a  volimic  of  tlH>  t»riiim  Imlnilr  M>luiion  i*  bn>tighi  inl' 
cudIjM  with  »irb(>n  dioxide,  ib'  nlknlinity  ic  diininiiibe<l  by  tli'.-  f"noi 
tion  of  iKiriniu  rarlioiiiitc,  wliirh  i>  a  iit'titral  Ixxly.  Tin-  gn-aM  ll> 
amount  of  uirbon  dioxide  to  wbtcli  tl  ii^  expiiuetl,  tin-  gn-att-r  will  be  li 
mliiction  of  its  alkaline  stn-ngth.  A  pivJiininary  iU-ttTTiiinnli<>ii'i 
tbf  iitnonnt  of  nxiilie  arid  Hilution  wlm*]!  100  cc.  of  the  niip'tit  i*i 
neiitRiIi»>  )H  niaik'  by  titrating  '2'i  ec,  eontniricd  in  an  Krli-nmeyer  &ii> 
and  rolontl  by  nxnnti  of  ei  fvw  dro|i(i  of  tin'  phenol plitliHttiii  niituti"! 
and  multiplying  tbe  n«till  by  4,  AtW  the  rnigvut  ba»  U-iii  ^^'ill 
jfoted  to  tin-  influetKv  of  llw  ga^t  in  the  air  iianiple,  a  Mniilar  detentii 
aliiiti  l«  niadc.  The  differenw  In-twwn  the  two  nviilto,  dividwl  by 
indicat(«  the  number  of  cr.  ol'  carbon  dioxide  present  in  tbe  umnul 
of  iiir  raiployol. 

Tile  sample  of  air  is  obtained  in  tlie  following  manner  ;  One  i>f  li 
liotlles  above  ineiitiomil  is  phuinl  in  tlie  siiimtion  front  whieh  tiiei 
is  to  l>e  ubtainetl,  ami  its  air  content  U  di«pliux-d  by  tneaiw  of  a  WIIm 
provided  at  its  oiilli-l  with  a  niblier  tiilk'  of  sufficient  length  to  pw 
nearly  or  <|nite  |o  the  bottom.  .\  luilf  miiinlr's  [Hintping  i»  MiRieiFl 
lo  insure  that  tin-  0rigin.1l  air  is  replacvtl  by  tluit  under  uhsi*n'nlii< 
Otto  i"  j(omirtimc!<  admotii.'<liii)  to  lie  mrcful  iml  to  bnmtlie  in  tlie  ii 
lion  of  the  month  of  the  liolllc,  but  this  i<^  an  iinDi-eoswri'  [>rK«utini 
ninw  till*  eiim-nl  i-'Hiing  fnin  the  l»>ltli-  i;-  ninrh  1ih>  |Kiwerftil  to  ndni 
of  the  eiitniiiii-  of  jinv  :iir  (■xei'|)<  that  pr<ijH'lhil  bv  the  l>ellow». 
mill  li  '  i"*''  '"^'  i">''  ■•  irv  pn.>uiutk>n  to  be  otto^>i'V<'d    is  that  I 

o|«>r  iw  lii-  limith  to  ri-jK'li  tW  inlet  boles  of  the  1; 
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lows.  AfV-ra  Iialf  mtmiU-'s  [)iini])ing,  tlie  niblK-r  cap  U  affixed,  and 
the  bottle  luiiy  then  \x  earried  lo  the  lalxtnttori-,  or,  bett<n%  the  treiit- 
moiit  of  (ht-  coRiainix]  iiii-  may  Ix'  [mHHtxk'il  witli  on  the  sjkiI.  Au- 
otber  iDcthcKi  uf  coll<«tinK  the  saniple  iii  ol^en  recommended  in  jikoe 
of  the  one  described.  It  oonsisln  in  filling;  (hi-  Imtrli'  with  wtitrr  nnd 
emptying  it  wlicrt-  the  uir  is  to  Ix-  taken.  By  tins  jmxt'm-,  the  space 
orij.'inaily  ix-ciipicd  by  water  is  (illed  with  air,  but  ihc  nu-tluHl  is  nhjee- 
tionalde  In  tliiU  (he  water  eJiiniiil  dniin  niray  completely,  and  that  that 
which  remains  serves  to  dilute,  slightly  it  is  true,  the  charj^e  of  barium 
liydnitv  next  to  l>c  inlnHluced,  and  tlitin  britigti  in  hd  error  lit  the  very 
outset. 

Xi'xt,  100  (I-,  of  the  iKtriiim  liydrate  i^oliition  an*  inii-oilmxid  by 
drawing  aside  the  edp-  of  the  nibber  cap  and  inserting,  into  the  opening 
BO  made,  the  jwint  of  the  fill«l  pipi*tte,  and  allowing  itj«  eontcuI«  t*» 
flow  nnaide*]  into  the  bottle,  Tbe  bi^inrier  will  often  incline  iuiidver- 
tently  to  jpiin  timi-,  and  asnist  the  emptying  of  the  ]>ii»ette,  by  blowing 
into  it,  thercliv  vitiating  his  re-''ii1lH  w:lh  the  impurities  of  bis  own 
respiration.  As  soon  as  the  pipette  is  emptied,  it  i»  withdniwn  and  the 
*dge  of  the  cup  ir<  replaitil.  The  bottio  is  tlicri  Himken  ihoroiij^hlv  tor 
about  ten  minutes,  cai"e  Ijeing  observed  not  to  wet  the  C!i|).  since  in  lliat 
ftveiil  some  of  ihe  n-ugi'iit  may  cseaiH-  by  cjipillary  atlmeiion.  \t  liie 
end  of  that  time  it  may  )m'  assumed  that  all  uf  the  container)  eiirbon 
dioxid  -  ha.*  U-eii  bi-onghl  into  eoniad  with  and  absorlM-d  by  the  liariiiin 
Imlratf,  which  ic  then  to  Ix'  poLired  quickly  fnuu  the  bottle  through  a 
fairly  largi'  funnel  into  a  gla.-t— stopiM-n-tl  IxUtle  of  nither  more  than 
100  oe.  capsicity.  The  soluti'ui,  which  is  now  more  or  less  turbid  fifmi 
Ihe  pre.wnee  of  barium  carbonate,  is  allnwe«l  to  stand  until,  ilimiigb 
wttling  of  this  subii^tanec,  tbi-  sii{HTnatiin1  liquid  is  clear.  Three 
micoesAive  portions  of  2-')  ce.  each  are  next  to  be  withdrawn  by  infMin.t 
of  a  pi[wtfc  of  the  pnijuT  siw,  and,  aller  addition  of  (he  indicator, 
titrateii  in  Erlenmeyer  Hsisks  with  the  stiindard  oxalic  nciii  solution 
until  the  pink  <'olor  «iu.t(Hl  by  the  former  is  imuU-  in  ilisupjuiir.  So 
long  as  any  color  remains,  one  knows  that  1»irimu  still  exists  iii  the 
form  of  hydrnte,  and  that  the  eonlents  of  thi-  fhi-ik  art-  .siill  alkalino, 
for  pheuolphtlialcin  givcj'  a  pink  tinge  only  in  the  presenw  of  the 
alkalies.  When  the  pink  color  disap|M-ars,  the  pnieess  is  linishttl.  and 
iJie  nwlinjjof  the  bnnlte  is  noftxi.  Thcthn-c  portions  of  '2-*i  ee.  «ich  are 
titrated  in  turn,  ami  the  mean  of  the  results  is  multiplied  by  4,  The 
diffV-rcnc!!'  iK-tweeii  tlii.t  jinMlnel  and  the  Hgnre  obtained  in  the  pre> 
liminaiy-  test  of  the  strength  of  the  resigcnt,  divided  by  2,  Indicates 
ihi-  number  of  oe.  of  carltou  dioxide  in  the  volume  of  air  taken  for 
analysis. 

In  filling  the  25  ec,  pipette  from  the  l»ot.lh'  i-ontniiung  the  mted 
rop'Ut,  great  wire  shoubl  lie  oKservetl  not  ti)  stir  up  ihe  Mtlimcnt  of 
barium  carlionate.  To  perform  the  o|M'riition  propiTlv.  it  is  neeessarv 
(«  inwrt  the  jioint.  uf  tin-  pijH'lte  welt  below  the  siirfiiee,  and  to  fill  if. 
dp  lo  Ihe  mark,  or  just  Ix'vond  it,  by  one  iminlerruptcd  act  of  suction. 
If  om-  Klofts  to  n^.iin  breath,  juirl   of  Ihc  liquid  already  within  tbc 
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pipette  will  escape  dowDWnnl  during  llw  iiiu-rviii  with  i^ufficitiit  foiro 
to  Mtir  up  ilic  ^ttlinipnt.  Wbt-o  tin?  pipette  is  fillwl,  tlit-  jwiint  of  iJw 
lotiKiK-  »hi>u](l  Ih-  upplit-d  lit  it^  upjMY  <-»<!,  iiihI  tlic  tip  iflnxild  \\v-n  I*- 
wiiliilniwn  from  tU.-  bottle  Tlit-o  bv  pWiiig  the  end  of  the  il.reliii|.ir 
wvor  th*  opening  of  the  tip  of  the  pi{tett<.-,  the  i-M^ite  <tf  ils  contiiitois 
pre\'eD(«I.  while  tlie  finvliiiger  wf  the  otiier  hand  is  reptacin^  ibe  j>iint 
uf  the  toD^ie.  Tile  reason  for  siieh  careful  avoidiinec  of  *tirriiif;ap 
the  sediment  is  tliat  the  preM;?inv  of  huriiim  rarhoiiale  intirxhidP  J 
(•liglil  i-rivir  in  tlit-  titiTtti'ni.  The  slight  excess  of  oxitlie  acid  prwfit 
when  the  color  of  ihe  plit-tiol|ilithiili-in  i»  diKrIargwl  itttack'^  tin-  *iP- 
]h-ih1(hI  luiriuni  <»i-b<inate,  terming  iKiriniii  oxulate  and  wttiog  ftwlbf 
cutiibioed  mrbon  dioxide.     Thus: 

H^O.  +  B«COi  =  B.(;^,  +  HdO  +  0(V 

The  fVoc  I'ai-lxiii  dioxide  theii  attaekii  more  of  tlte  earhonale  aod  fonn 
btiriiim  bieiirbonate,  whirh,  l>eing  »nliible  uiid  iif  alluitiiic  rceclion, 
causeii  tile  ])iiik  enlur  to  rtuppciir. 


>B«  =  BaH,(CX3,), 


Wufum        <ll4iluin 
kvilnlrt       Fkrliouilcl 


2Nb(hi  -  2ir,c,o.  ^  B»cjOj  +  Orixji  +  r:«/V>.  ■< 

ifoilliim  'Oil  II?  tButiUB  iKoiUun 


Tttt   rMMB    for   ftddtii^  biirhiiii    chloride  iii    inulciiig    ttie  biriiim 
bydrate  solution  is  tliut  nioifl  iMiniiin  liydnite  mnluinis,  in  udilSti»a  ^, 
wnmll  uiiioiiiitA  of  earbonate,  truees  either  of  csiistin  soda  or  of  cuiwliej 

i>olash.  Willi)  lillitr  nl'  tlit':>e  !>iibMttiiiov.-(  i»  bninglil  ii)t'>  eonlnd  irilbT 
Kiriuiu  rhloHde,  oiuiiiul  iWuni position  ooetirs,  and  we  Iiave  u«  rr^ull*] 
bnrium  liydniie  lUid  scxliitni  (or  jHktitssiiini)  diWidi'.  If  ilie  iiupurttrj 
wi'i-e  disrepitded.  It  would  raiise  errors,  as  sliown  below.  The  linHiioiJ 
Imlnite  noliiiioii  when  titrated  with  oxalic  aoid  would  beliave  accordiBfl 
to  tJw  following  formula : 

Ban  J I 

.jKlnlrt 

In  piKcticie  a  vm-  slight  vxotf»  of  oxalic  acid  !»  al»o  pn^iut.  ni'X 
ttw  mieti()n  then  pi-ocwnla  still  fartlier.  TTie  swlium  OMili"'  irui'k' 
the  Ixtrliim  <»i-l>iin»te,  forming  Ixiritmi  oxalate  and  st^idiii:Li  .uliuaK 
Thus 

Nt-xt,  the  sodinm  earhouate  neiitraliws  the  traces  of  free  oxalici 
and  iinr  sur|ilu!i  mtitK'n  a  napiieantmi,^  of  tlw  [Hnk  color  and 
sitiilM  fiirtlM-r  iwldilinii  <>f  oxHtii.-  iK-id.     ThiK  miMSf  (he  fonnaiion ' 
nmre  siHliiini  o\iilnte,  whieh  in  its  ttini  attacks  another  )>ortion  u^ ' 
iMirinm  i-nrboiuili'.  with  the  mnii'  ix-Milr.->  a.-<  U^fon- ;   nm]   M>l)iri^'< 
coiitiniuv  until  lh<-  last  trsiec  of  su-^iietitlctl  carbonate  is  deeomf 
If  the  hydralii   eoutains  no  impurities,  the  addition  of  chloride  1 

UUIHVtoMirv'. 
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CoTrectioni. — In  figuring  tlic  rt^iilu  of  tlio  doU-rniiimtion,  ccrltiiii 
corrections  are  iieoessary.  Firei,  tin-  vitliimt'  of  llif  liurliim  hydrate 
iistil  (100  Of.)  must  ho  -lubtrat-l*-)!  Ircm  the  «ijiai;ity  of  tbe  botllo,  .-im'f 
it*  introduction  (iispliipcs  an  ii|iuil  vnIiinR-  of  air  ;  and  next,  allowaiiwis 
mii.*l  lie  uiadt-  fur  any  dfiiai'luri-  from  staiiilnril  tviiipcnitim?  and  Iwiro- 
mptrio  presfsiire,  uiiiw  Ihr  iii|iiii'iiy  »i'  tliv  wuiipk-  Imttli'  !:•  rcckotiwi  for 
air  at  0°  C.  and  TUO  mm,  presstire.  In  ortler  to  make  tbe  newRsary 
correct ii> I w  for  l4.'Ui|icriitiin'  uiii)  jircwiiri',  tbe  thcnnonietvr  unil  iNirom- 
eter  should  be  noted  at  the  time  of  taking  the  nuniple. 

lu  deter  mining  llie  ainonnt  of  ivirrw'lioii,  w*-  aiv  glided  by  two 
physical  laws  :  that  for  eaeh  dcj^;r«."  of  tenijjorature,  air  expand!^  a  con- 
Hl&nt  friction  of  itw  own  volume  (I^aw  of  Cliark's) ;  anti  llml  the  vt)l- 
uiue  of  a  gas  is  inversely  |)ro|X)rtionntc  to  the  prcMiiR-  {I>a\v  of  Boyle). 
For  each  di^iv  I'entigraile  abov«  or  below  0"  C,  air  exjMnHlH  or  eon- 
Iractj*  0.003l)(j48  of  it«  volume;  an<i  this  lijjnre  is  known  as  tlie  eo- 
elScient  of  e.\|iansion  for  ej-iitigratle  degrees.  For  each  degree  Falirf'ii- 
heit  atwvc  or  Ix^low  32",  air  expands  or  «>niraels  0.002036  of  it» 
volume;  and  this  is  known  a^  the  eoefiicient  of  expansion  for  Fahren- 
heit dt^wM.  Thus  1  lil'r  "f  iiir,  IkilIiiI  to  -lO"  ('.,  will  e\|nind  to 
I  -4- (40  X  0.00:1<>G4X),  which  ei|iiids  I.14(J.51I2  liu-rs;  or  heated  to 
lO-i"  F.  (lOr  F.  ^  40°  C),  it  will  .■x])and  to  1  t  ('2  X  0.(K)20:i6), 
which  equals  1.146492,  as  before.  A^ain,  the  tame  voliimo  cooled  to 
—  15°  C.,will  eontrai'i  (o  1  —  (to  y  O.OO.'lttii-JS),  or  W-lo  cc.;  orwKiled 
to  .5"  F.  (5*  F.  =  ir.^'C),  it  will  lx*omc  I  -  (27  X  0.002030)  or  94.J 
oc.,  a«  Iwfore.  S<>  an  apparent  volume  of  1,1100  ii:  at  any  temjN'nititru 
above  freezing  is  in  reality  a  smaller  volume  e\|Kinded  to  that  size; 
and  at  any  tenijKrature  below.  In  a  larger  volume  brought  to  that  sixe 
by  contraction. 

To  correct  volume  for  terajierature,  we  must  diWde  the  appartmt 
volume  by  I  plus  the  prmhii-l  •>(  O.OO.'JHii  (S  timi>  tbe  number  of 
degrees  away  fn^ni  0*  (.',,  or  in  eane  of  temperatures  below  freezing, 
hy  1  minu.t  that  amount.  If  the  Falirenlii^tt  snilc  ii*  hmxI,  the  appro- 
priate coelTicieut  an<i  iJieton  must  be  substituted.  Thu«  wc  may  employ 
a  set  of  forniuke  as  follows  : 


For  tempcmnircs  ohnvc  0"  C  .  .  .1'= 

For  ttrapemtlHW  b«loir  0"  C  .  ,  .  .  7^^ 

For  tempeniUim.  titwuv  32*  F.  .  .V^ 

For  (fliiilH^niliiivj.  VIiw  a";"  F.  .  .  .  F  = 

In  the  above,  I"  =  correct  volume. 
}''=  ap[)art!nt  vohinie. 


V' 


1  +  0.00iiAM&C*  C 


I  -  0.003iMt8.f  a 

I" 

\  4-  0.O02030  '((•  F.— 38) 
V 


I— aoo2oa6(32— rF.) 


Ina»muel]  as  volume  is  inversely  proportionate  to  pressure,  the  true 
volume  at  any  otutwvwl  itremurv  in  obtained  by  multiplying  the 
a])parant  volume  by  the  banmietrie  pressure  expressed  in  millimeters 
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or  iiifhi'B,  and  dividing  the  pr«du«*  by  "GO  or  by  20.92,  t»  \\tt  «* 
niHj-  U'.     W'l-  iiiny  uw,  iliwi,  iliis  tuntiuU: 

»- »"  X  a 

TOO 

Applying  it,  vre  lind  that  an  appareat  volume  of  1,000  o&  at  "■'>(' mni. 
\uvtmw* 

790 

or  lining  tlip  othor  «<«!(■,  (lie  barwmelor  btMiidiiig  «i  SS-IS  tiwhi»  (29.M 
in.,  T-3U  mm.),  il  l>oooiii4w 


!  =  S3;<v. 


If  tile  Uiroini'tcr  rwidN  Uifiher  than  the  stiindani  pi-ewmtv,  tiic  inir 
voiiitrif  will  Ik-  nrwirt-r  thuii  iIk-  iipjutri'iit.  'I'liii.i,  .Hiip^MK-t'  the  pnwurr 
to  be  'AQ'l'l  iuc-lu>H,  tlieu  1,000  cc.  will  reprc>*ut 

j,oooxaaa3^,o,o^ 

InKtt^'iid  "f  going  thnni;;h  iwo  M-niimtr  lulvidntioni*,  wc  may  miw 
Itoth  correct ionx  iit  (iiict-  l)y  mennfl  of  one  furntiila  uhi<rh  i«  u  ■.'••iiibiii*- 
tiiiii  iif  tlif  twii  kiwlt  iilnwiy  umkI.  For  ti-ni]H-mtiiri?<  »l>ove  ^'  ^' 
tlw  t-orrcot  volume  is  obtuiiml  by  niuin^  of  tlie  ibiluwing : 

V'y  n 

(1   t-0.0036tlM.(*|  TW 

By  changing  the  pluR  »i}cn  to  initniN,  itic  formula  is  adH|tted  to  tfU- 
pemtunw  ImIow  (hi-^inK-  If  the  Kalirenhcit  tlicrinomctw  i^^  iwd, siwl 
the  barometric  prewture  i»  ex[HVSH<Ml  in  inolicH,  the  lorniula  i*  asl^i^' 
lows  : 

[1  +  Ci.0020Sfl  (l»  F.  -  38)J  »,9S 
and  if  the  leniporatiiro  i»  Mow  32".  it  must  Ik-  cliRngvcI  to 


V=; 


twltf 


k 


n  -  0.002036  (Sa  -  (•  F.)]  »i92 
In  thtiH'  formiilie; 

V  =  ponvct  volume. 

V  =  np|mn-nt  volnmc. 
B    :=  iMininirtric  pressure. 
f    =  temjuTalnrc. 

In  onier  to  avoid  the  tediniiA  prooe»^  of  miilliplicnlwui  iind  divisi 
wliicli  the  working  of  tlit-.-i-  fonnnlir  itivfilvcv,  ni'uiirM'  may  In-  ti»I 
tht' admimhli-  tnbli-N  of  I>r.  Wii!t*-r  Ile^-ic,'  wherein  t-au  W  fiwtiidlll 
(iirroelion  to  he  riiiulc  fiir  till  tem|X'niturcH  lirtwwii  —  2^  «ml  -V)'  t 
and  for  all  prcMurc^  bctwecu  1380  and  770  mm.,  by  simple  ivltrnK 
to  the  projwr  o^lumn. 

'  >ni  kiu  liuliiclion  oinm  (>niivoliinioi>H  auf  0°  iind  7iI0  iiini.    Itnii^wick,  1^ 


A 
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Fnt  all  pimt^timl  piirptiseti,  the  ooettioicnbt  of  exjuui^toii  may  \w 
^hurtonnl  to  O.Uii3(J((  jind  0.iW!r2.  thus  uvuiilin^  mucli  li^tiriti^  which 
hint  very  litlU-  infliii'iiM'  im  ihc  i-ml  i*sulis. 

Example  of  Method  of  R«ckoiuiig  CO.. — <'n|Mu.-ity  ol'  Aimptt;  bottle, 
;1,SS.",  (■(•.  '2-'i  <•«.  of  buriiini  hvilratt^  soUition  rwjuire  *J  1  cc,  of  ittandarti 
KohitiDti  of  oxnlic  iii'iii,  hi-imc  10(i  (■4'.  ^^  84  tv.  M'Ut  (■ontiul,  2-j  cc. 
nijiiire  17.^  <v. ;   101)  cc.  ri><|nire  i!H.8  cc. 

DitfiTciiw  in  oxalic  uoul  nijuinni  ^84  —  fJS.S  ^  15.2  u«. 

1  a?,  of  osalic  ackl  sohitiou  =;  O.Soc.  of  CO,;  licncc,  15,2  cc.=!  7.6 
«•.  of  CX>„ 

The  air  in  the  bottle  coiituiiiitl,  ihcn-fore,  7.6  ec.  uf  CO^. 

Detcrn  I  illation  of  volimit!  of  air  takoo  : 

Caiwi-iiv  of  lp.iir.ltf  =3,885 

Ainoiiiii 'jf  Iwriiim  s"liitinn      ^=     UK) 

Apimn-nt  volume  of  air  =  3.7S5 

Obwrn-d  I  ui  rum  if  Irk-  jiriwitn'e        21'.lW  liicheB. 

OWrvul  tffiiipumiuie  ^  U-**  F. 

3,785 XjW.tH) ,^  _     U-ifiSR  _  ^  n2,03fl_ 

[1  +  (0.002(186  X  33)3  X  W.91!      1.0«7I*(8X2».92       31.113 
.^t.'MK)  fv.  ^  xi'IiihI  nir  vnlumn  exnniinnl. 

Then  5,509  cc  of  air  cuiiluii)  7.U  cc.  uf  CO^     II  licingciijitomary  to 
exprcita  nisults  in  jmrts  ptr  ll),00(),  thia  rate  ia  determined  an  follows : 

3,609:7.6  =  10,000:1    z  =  21.6S. 

Hciu-c  the  air  contiiiofs  21.1)6  vnliimi.s  of  f'O^  in  10,000, 

Detenuiiiatios  of  00,  by  Wolpert'B  Method. — This  process  is  designed 
for  what  may  bo  allied  ronphly  appnixiinnlr  work  in  Uvtiii^  the  air 
of  sehof)!  rooms  and  similarly  crowded  spaces.  It  reijuircs  no  ehcmioal 
training  on  (he  (Mirt  of  the  iijK'nitoi',  iiitd  for  pnietiral  pnrjiow.w  gives 
fairly  ■^itisfactory  result.*,  indicating  that  the  air  i^i  gowl,  fair,  poor,  or 
vory  liail.  'I'he  n]ipiinitii.«  cijnsi.-^ts  of  a  graduated  gliHs  cyliiKler 
with  a  movable  piston  reaching  to  the  bottt>m  and  kept  in  proper 
position  liy  ii  mftHllie  cup,  through  tho  center  of  which  the  shaft  pro- 
tnidc^s.  The  shall  i'^  a  s;Ia».f  tnlie  of  luirniw  ralilier,  ojieti  a)  both  ends. 
The  roay^eiit  used  is  a  nlan<)ard  solution  of  alkali,  oolorwl  with  pheuol- 
)ilithiili-in. 

In  making  a  test,  the  piston  is  removed  and  3  cc,  of  the  solution  are 
introdmivt  iiiio  the  i^'linder  by  meiinH  of  a  |iij«'tte.  The  i)i.stoii  i.s  rc- 
plaecfl  and  prcssetl  down  until  nil  air  is  exiK'lhil  tliroiinh  the  shaft  and 
the  liquid  ap|M«rs  within  tin-  liori'.  The  piston  i."  then  dniwn  np  until 
it-«  lower  edge  is  opposite  the  fii^sl  mark,  and  ia  the  pnM-iN.«  the  .»p(ice 
jfo  made  is  filled  with  nir  which  enters  through  the  shaft.  The  appam- 
tils  is  now  whaUeti  vi'.rnriiii'ily  fur  one  minute.  If  the  liquid  iK^eome* 
et^orle**,  it  Is  prui.l'  ihat  the  air  of  the  room  Is  liad.  If,  "U  the  other 
hand,  the  color  jK-rsisIs,  tin-  ]iiston  is  nii-ed  to  the  next  grndualiiin, 
and  the  shaking  is  renewed  for  another  minute.  If  ihe  rwigent  still 
retains  color,  the  |iiston  is  mi.seti  further  and  more  air  is  adniittod. 
The  priwcTt^  is  eontimieil  until  repcati'd  addition,-*  of  air  mid   reiiewcil 
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filmkit^  cause  the  color  to  be  dificWrgetl.  At  this  ptiiiit,  tlir  ruviin^ 
of  t)i«>  .-wiiltr  indiintcs  llw  dwniclrr  of  Sk  uir.  Tin-  pnwlpr  tlw  uniuul 
uf  air  iTijiiircd  for  n'liiplctf  ilt«ol<irimtinn,  tin*  Ivi^  iIh'  R'tittivr  lunminl 
of  impiirily.     TIh'  n)>|i»niUL-<  it>  ^hown  in  V'tf^.  M'i. 

D«toTiiunation  by  Fitz'B  Method. — A  tinNlilii-uli"!!  of  tliin  jiriKi-v-,  i^v- 

itifi  n^uUs  wliicli  line  iu  dcxn.-  agivitiieiii  witti  parallel  aimlvNf  lii  i!« 

PcUi-nkufvr  nit-tliud  atwvc  (luwribt'ij,  Itm^  b»ii>  ck-vUntl  liv  I)r.  fi.  \^. 

Fitit.'     The  ajiparatus  is  verj'  simiile,  and  ouo^i^ti^  of  a  »iiibII  cjliiiiirt 

of  fihu^  with  n  roiimUfl  iHitloiu,  and  n  ininullcr  niim  km 

Flo.  1!L        which  slipt^inio  tWoth^rthrougti  ii  collar  iifnilitH-rtutNng 

which  makcH  a  light  joint.     Ab  the  inner  cyliindirr  ie 

dntwD   out,  sir  «ntcn   ihnHtfHi   itf   ti|>]xT  cud,  anA  i>i 

amount   i.*  niniAured  by  the  gradiifltious  on   tlw  'Ptittf 

tiilx",  llw  lower  niuri^in  of  tlic  iniw-r  lul*  s^r^ing (f  w 

index.     (See  Kig,  1 4.) 

The  rtiip-nt  UM>d   \»  n   I   per  cent,   ttnlution  of  linv 

water  nuide  lu  tlie  following  manner.     Alx>utd5K. "' 

water  oontaininf;  a  few  drojw  of  plM-noliJitlialwo  wlu- 

lion  lire  neiitndinxl    hv  iIh-  iiddition,  tlmy  l>_v  ittif,  ff 

lime  water,  whieh  causeci  a  pink  color  Itiat  at  fini  '''*■ 

ap{xnrv  on  shaking.     As  mx»n  u."  a  faint  tinge  pM>i?i'. 

the  oomplete  netilmlixation  of  the  ctarbon  dioxide  of  ''" 

wat«r  is  evitlent.    One  tw.  of  imtnrated  lime  water  i*  nni 

added,  and  the  whole  i»  then  nuide  "]> '  ' 

100  cc.     The  K>Iiition  i^uld  he  m^v«- 

Deviled,  since  it  reiniiu  iu  full  »4i«>^l> 

but  almut  twelve  hours. 

In  uinktii);  a  le.-it,  10  ce,  are  introdnfrf  ' 
into  the  outer  ex'liniU'r;  tin-  iniieri'iita 
in^'rii^l  «!•  far  an  it  will    go  anil  ll<*<' 
mifL-d  to  the   1 0  «■.  mark  on  the  ««I<V  ■ 
whieh  means  tJw  pre(»-npe  of  20  pc  "^ 
air.  liincf  the  tulie  it.-«'lf  eoutainH  IQj 
The  apittiriitny  in  IIk-ii  eloi^i'd  by  »M 
till-  iiid  of  the   fi>n-linger,   and   A 
vifiurointly   thirty    time*.       If   the  . 
color  persisis,  the  Inner  cylinder  is  |»imw  j 
^_  la-^  to  the  iHittiim  and  tl>endniunup 

^firaui'^  q  and   the  optmtion  Is  repT«ite<]   initjli 

color    diNijiiHwrs.     At    this    point, 
aniotmt  of  iiir    UKtl    ir    noti-^l,   aiul 
pefijreno'  to  a  table,  the  number  of  [ 
nu^.»lr««.ct.      j^r    in.OOIt    i»    a»e.r(aiiw«l.*       I>r.   T* 
aKK-rts  tluit,  in  the  hands  of  an  onlinOTn 


,JJ 


Pw.  14. 


h»r. 


c*n;ful  man,  the  proceaa  ia  aoctiiute  within  1  |nrt  of  CO,  in  10,<J 

'  Joiirnat  of  llie  Mji«i»rliiuf(ta  AiMH-iaiixn  nf  Itranb  of  ftnllh  IX^  p.  \ 

>  Tli*jBBM»nw  nod  iyira|>li-i<7  diitx'tiacu  for  iwr  ar*  obbiliuible  ot  tbe  Kni>U  Xf 
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This  is  subsiaiitbtixl  bv  Profesiop  L.  P.  Kiiiuieutt,'  of  the  Worwiftter 
PulyU'i'linio  IiiKtilutc,  who  ha»  i'iii)ihiy<Hl  tin-  jirixvN<  liiiiiM-])'  und 
comrolled  it*  u«t  by  others  wiib  parallel  aualyfics  by  the  Pettcukoler 

IIIVtb<Hl. 

I>et«nniQation  of  Oarbon  Monoxide. — Wbik*  a  nnnilHrr  nf  ])roi> 

(v*™-^  liiivi-  Im'111  di-vi.-iil  t'c.r  lln-  (Ulccii.iii  anil  deliTiiiiniilioii  of  <-jii-liiiii 
mouoxiiie,  Dono  hil^  Ix'cd  discivcrwi  ai«  yit  tliiit  i*  wholly  '!itift;ii'ti>ry 
for  niher  than  i|iinlitji(ivc  work.  The  jpi.'^  niiiy  be  ditocled  ((iialita- 
lively  by  expoftiiifj  watvr  fontjiiriing  a  mtmll  luiioiiiit  iif  i'rvAi  iiormul 
^ooc]  tj)  tho  air  under  e-\;iiji  inn  lion,  and  then  examiuiiig  tlie  i^ame 
BHth  the  H|HXT(r'isoti|>e.  If  tu)  i^irliiin  mi)ni>.\i(Ji-  is  [m-.Hciit  in  tbi.' iiir, 
the  charat'twi-itic  ah-^tirjition  1)iinds  ol'  oxylucoiuglobin,  *bo«'ii  by  ibe 
S{HK!triMC(i|M',  lire  cbnn^L'd  to  a  niiiglc  band  in  the  sjMiee  lictwM-ii  im  the 
addition  of  :i  reducing  a^ut,  «uch  a*  iimnioniuui  snl[)hiile.  If,  how- 
ever, the  giw  in  priwnt,  mi  ♦■liaii^*  ih-cui'!'. 

The  t(^l  in  applied  in  the  folhiwinft  iniiiiniT  :  A  ft-w  dropti  iif  UofMl 
well  diluted  with  water  aiv  exjHJseirl  to  tlie  air  in  a  jar.  and  brought 
intt.)  intimate'  (.'oiitact  liy  vigoroijK  ^hiihiog.  A  few  dnipn  of  aninioiiium 
sulphide  are  next  adde<l,  and  the  mixture  is  again  well  «hakei).  If  on 
i>)K-ctro«(!<ipi("  oKuniination  but  a  single  Ixind  i>  observed,  the  abnenoe 
of  the  gii'i  in  amount  efjual  to  3  parts  |kt  IM.OOO  may  bo  inferred,  for 
lhi.-<  is  iIk-  liinii  (if  di'liviiey  cliiiin<-<l.  If,  however,  the  eharairteristio 
two  bandit  of  oxyha-nioglohin  ap|K-ar,  the  pn-^encc  oi'  the  impurity  to 
that  exUtnt  is  provwl,  sinee  otherwise  the  reagent  would  have  exerted 
it*  normal  effeel. 

Tilt!  folbiwing  |ir<HVJ's,  drviwo"!  by  FikIof,'  U  said  to  iw  nf  xiifiicdent 
tielicacy  t<t  deteet  1  ))art  in  '20,00(t.  Fresh  deltbrinsttwl  bhxHl  Is  mixed 
with  III  vohinii's  of  water  and  iniroduciKl  into  a  large  jar  eontiiituiig 
the  snciRfted  air,  \i\vv  beinjj  allowed  tti  Maud  for  about  an  hour 
without  shaking,  it  is  transferred  to  a  small  6ask  prnvidtj  with  a  nilv- 
Ixjr  0ljip|M'r  wirryiiiR  twi>  glass  lnb<'<,  one  of  wbitJi  ilips  iHiieatb  the 
fflirface  and  eonnrets  at  its  outer  end  with  a  potash  bulb  conlalninj!: 
pulhidium  ebloridv  subition.  The  otlicr  tiilN-  si>rv<?i  as  tin  iiiitlel,  mid 
i«connoctetl  with  a  series  of  three  potm^h  bulbs  containing  resjjeetivcly 
lead  aeetatc  solution,  ilibiK-  siilphurie  aeid,  iind  |HilhidI(nn  ebloHilf  mo 
tlihitrii  that  it  ba'^  a  bright-yellow  color.  The  terminal  bulb  is  ctm- 
□ectcd  with  an  aspirator,  whieh,  when  set  in  iietion,  dniws  a  i-nrn-nt 
of  air  through  the  five  ditferent  piew*.  The  fla^k  containing  the  blond 
i.*  heated  on  a  wiitcr-lytth  for  fifteen  to  thirty  minutes  with  o(M>ftsional 
shaking,  and  meanwhih'  a  plow  cnircnt  of  air  !»  ilrawn  (liri)ti<;h  Ihc 
nppiiRitus.  When  the  bloofj  logins  to  change  color,  the  carboxvlnenii)- 
glohin  deeoin|)OS('S  aud  yieliU  it"  CO,  which  reihiec-n  the  [mlludhuii 
oontaiiK-d  in  the  terminid  bulb.  The  chloride  of  pallMdium  in  the  linft 
bolb  is  used  for  n^moving  any  tnitiys  nf  the  gas  and  of  other  nilueing 
agents  in  the  n«[)ir!iled  air.  At  the  close  of  the  oiwration.  if  the 
blood  contained  CO,  the  palhidinni  chloride  in  tlie  terminal  bulb  showa 

*  Lom  citato,  p.  R 

*  DawUvhu  \  irnrlJahisKhrlrt  fOr  C>flvnt1[cli*  (>twgndhtiIti.pllqEc^  Vol  12. 
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u  [ircvipttak>  of  reduced  {cillndiuin  utid  tin-  IiijukI  bin«  it  Mimrulnl 
(Urkt^r  tint,  Tlic  I(«d  jiifljiri'  aii-l  diliit''  siilpliiirk-  «c(d  sor\'e  In  iwnnw 
niiy  trtifi's  of  i'iiIi)hiirHH-«l  liyilmjii-ii  »u>\  iiiiini<<nin,  botJi  wf  whicluiit- 
bt;iu<'ei^  will  cnii)^-  iircripiuilioi)  nf  iW  pallniliiini. 

OtliiT  i|iiiililiilivi'  li'>l.«  of  i^mUiTor  tcKi  (Irlicwv  indmlf  iW  To)  1< mini;: 

1.  Mix  •')  w.  nf  exjMised  bliHHl  ■'oliiliuii  ami  1o  w.  ol'  ii  1  ihtcmiI. 
Holiition  of  ttuinit' mill.  Tho  n-siillinj;  |irc<'i]>italc,  which  mirlwvm' 
tflowly,  has  a  bniwiiir^h-ri'd  culor,  if  CU  uuh  )>ii-H-nt  in  thi-  iiir ;  olbit- 
wtsm  it  i)*  groyiwh-bnuvii. 

2.  Mix  10  w,  lit"  tin-  ItliHwI  M>hiti()ii  with  !>  co,  rtf  n  20  p<-rivDl. 
solution  of  ]K)ta-Ksium  ffrro<?_vanid«  and  1  «•.  of  acvtK  uHd  (I  yvji'i 
^liu-iiil  iiiN-lic  iK-icI  to  2  of  waltrr).  A  rcddiKli-bmwii  [HVt-ijiiliili' i?  in- 
dii.'iitive  ui'  tbe  preiteuce  iif  the  gas,  and  iine  of  gray ifh -tin iwii  hIxiWi  it* 
al).-i-inv. 

;!.  tiring  t'lgi-tlier  ou  »  i^jrui-laiu  plale  I  drop  «u;li  of  fX])««J  Jpfi* 
brinated  blood  and  tiiMliiini  liydrntc  nolntion  of  ii  Hpwilic  gravity  of 
1.3O0.  With  Co  blood,  rhf  color  i»  briplit  ntl,  while  witli  uormol 
bliHxl  it  ic  bnuvniwh  or  blni-kii^h. 

■I.  In  |ilitc«-  of  tin-  iiiHivt-  ivBpi-nt,  ns<'n  mixtiifi'nf  I  gnrt  of  thi-aai« 
with  .'t  of  iiilclnui  chloride  colutjon.  C!0  blood  gives  u  vnmiiw,  uxl 
normal  blood  a  li^hl-Iirown  or  browiiijih-rcd,  roh)r. 

ft.  Umw  iiir  throngh  ii  tube  contninin);  a  wlutlon  of  mpnuw  dil(^ 
ride,  wliifh.  in  ilie  jiriwi-riw  <if  (X),  dep«iMilfi  n  charaiTterisiic  prcdiHlBir, 
whirh,  atvii^liiif,'  liirth.-lol.  i;<  (_'n.fl,CX).2H,0. 

Quantit&tiTe  Determliutlon. — Nidoux '  has  devised  u  ooloriiiwlw 
nH-llhKt  for  wliicli  ]n'  rlniuiH  gnuii  lux'iirHCv.  It  is  Ihl-^  ujmn  (licfttt 
tbul,  by  the  action  of  carlxni  monoxide  on  iixlic  acid,  <lelinitc  nninunW 
of  iodine  nrc  :«H  fixr.  Hv  comliincft  this  with  iin  alkali,  aotdnlatrH  s™ 
vliukcff  out  with  clilorlbrni  or  wirbon  diKnlpliidr,  and  then  ontuju'w 
the  eolor  with  ttolntionn  contflinin^  kno\ni  amonntA  of  iodine,  t'""" 
thv  fliuonnt  of  iitdine,  the  amuiint  of  CO  whii'ji  (»u.-H<d  itt^  liberaW" 
may  l>e  i-eckoned, 

fiaulirr'  idlows  the  lilx-nitol  iiwUnc  to  act  upon  cv>pjH*T  foil,  »"'' 
determiui-H  the  uninnnt  of  CXI  fn>ni  the  inci-ciiH.-  in  wcifjtit,  Hf  nl"* 
dMt-nuines  the  (,X>,  prodnwd  by  the  atiion  of  i<K)i»e  jK-ntoxiili'  "D 
i.\};  the  rwnlt  indiculos  volnme  ffir  volmne.  l*otain  and  I>riiiio 
recvimmend  s  eolnrimetrie  method  by  menns  of  dilute  p-illii'li""' 
eblori'li'  wiintion. 

Determination  of  Ozone. — Tlie  allotivpic  form  nf  onypm  w* 
upon  pota.tiiinni  imlidi'  in  the  pn-semv  of  mointure  iind  nmvertc  it  I" 
liydmtv,  with  lilK-intiou  of  iodine,  uo(K>r<ling  tu  the  folUiwin^  fomiiiU! 

SKI  -  ll.O  -  (\  =  2KOII  ■  O,  +  I, 

Tiii-H  reaction  i!<  the  l»tjf;  of  mo^t  of  tbe  pntoemee  whidi  bav«  Ix*'' 
pnijw'*<il  for  ipi.'tliiativi-  and  <|niintiiulive  detenu  inn  t  ion,  mme  of  wlw* 
may  be  regarcied  tw  of  value,  ■•iniv  iliere  iia-  many  sourta*  of  I'mwl*' 


,<XXV|..n74«i. 

,  pp.  871.  fl:ii.  en. 
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be  taken  into  account,  sourc't^  im|H'SKil>)i-  to  (-liniinatt.'  nnd  of  impor- 
liiiu'i*  imiwsniblc  U>  ooiujuite. 

The  iinwiiTO  iif  oxiiiif  in  the  nir  !.■«  MipiMm^l  Uy  \h-  ilcinonstnvtt'd 
whtn,  on  exponiire  »f  (Mtpcr  winirat^'il  with  starch  iKistv  cniitniniDi; 
(Kttiuwiiini  iiNiiilf,  !\  blue  c-iil<ir  gnuliiiiHv  it<'Vi-Iii|iii,  uwin^  t<i  the  iiciicni 
of  the  lilH?nit«l  iiidiiie  on  the  starirh.  Qimritilalive  tleterminatimis  nre 
niitilc  by  <^»in|Kiniit;  llii'  lint  nitli  a  stjindnnl  sinlc,  the  dt'[itli  oC  color 
Iteiii^  (Icpondt'iit  ii^>ori  the  iimixnil  of  iiKliiu-  I!bi-nit4^«l,  iiiiil  t\w  n^>ii 
ihi-  ainnunt  nl'  o/jini-  prewiU.  The  |»a)K'r>i  arc  [nviiarwl  in  the  I'ollow- 
iiijl  manner:  Fr<nn  '2.'*  to  10  frmnis  of  «tim-b  iirc  taken,  awonlinj^  tn 
the  r<'CoinniPiuU»tion>*  followod,  and,  after  trituration  with  a  email 
itnionnt  of  eolil  wiiti-r,  mv  iMiiliii  fni'  about  U-n  niitititi'H  in  alKiut 
yOO  cp.  of  walfr,  anil  lilteii-*!.  Orn.-  ftnini  of  |Mita>^iuni  I'ldlde  in  w>hi- 
(ion  is  nvst  iiildisl  ^rrtulnally  willi  oonntant  (Stirring.  Stri[ih  of  .-^toul 
filter-jiaper,  ivet  with  di>ililk><l  water,  lire  »i«il<ed  tn  the  irtiirc'h  |ire|w- 
nilioii  nnril  tliey  jm-  itioi-ouglilv  impregnated  (about  two  to  four 
hours),  tbcu  removed  with  the  slid  of  fnrwiw,  "pn-jid  flat,  iind  dried 
in  the  tlark.  When  nserl,  Ihcv  are  hung  up  out  of  the  direct  sun- 
light uud  expoi^HHl  fr>r  a  dcHnil^-  time,  then  rumoved,  NioiHteiii'<l  with 
wat#r,  aud  nomjiared  with  the  scaile.  The  nbjecti'Ui;^  to  the  pnx'ess 
an-  that  a  luiiniwr  of  otbi-r  sidit<tani^--i  which  may  Iw.  in  the  air, 
such  as  certain  volatile  ot^nic  acidj^.  chlorine,  nitron*  arid,  and  hydro- 
p-n  peroxide,  ninsf  this  same  chemical  reaction;  lluit  the  blue  eohir  is 
destroyed  by  other  siibftnnccs,  iiM  )(ulphurcttc<I  hyilrojjcn  and  Kulphiu-- 
oiw  aei<! ;  and  that  lljjht,  moisture,  heat,  and  wind  exert  very  decided 
(nodifying  inliuenees.  Thus,  wind  bring*  more  air  into  contact,  »nn- 
light  blniehi'.-t  (lie  color,  moisture  haptens  tbe  bluing,  and  heat  dissi- 
pates the  free  iixUne, 

In  order  to  differentiate  between  omne  and  nitrous  aoid,  it  has 
been  profwutod  (o  n-u.'  ticntni!  litmus  (violt-t)  ]iit|H.'r  inHtt'iid  of  onli- 
nary  lilter-pti|n>r  in  nmking  the  strips.  The  KOII  formwl  in  the 
nsulioii  will  change  l!ie  violet  lo  bhie,  whih-  nitniu.'<  acid,  chliirlne, 
and  organic  s'rids  will  ctjnvert  it  to  red,  or  bleach  it,  or  leave  it 
onchanged. 

Ill  "pito  of  the  fallaHw  moniioned,  the  weight  of  cvidcnw  thus  fur 
ohidined  in  onmimetrv  shows  that  the  reaetion  with  stareh  is  motit 
niiirkitl  in  jxm-  .-or  at  the  MSLshoro  nnd  at  great  heights,  un<l  thiil  but 
little  reiiction  occurs  indooi-s. 

Determination  of  Duet. — Du'^t  is  dc-tiTminetl  quantit^ttvi^ly  in 
two  ways,  auil  the  n-siilt*  are  expressed  in  tcrmt^  of  weight  or  of 
number.  In  onh'r  to  tL^ieeriaiii  the  wflt/fil  of  the  dust  eimtaincd  in 
im  given  volnrnv  of  air,  ii  chloride  of  caleimn  tnlii-,  contaiinng  |icr- 
fwclly  cliy  absiirbent  cotton  or  glass  wool,  is  weighed  aeeurately, 
and  then  altae.hetl  U*  a  WHt<T  suction-pump  with  an  air-nictvr  lK>tWM>n, 
A  large  amount    of  air.   siy   .iOO  ]it«'rs,    i*  then  dniwn   through  as 

3uiokly  as  possible.     When  a  suHieient  amount  has  p;is,s(:^l,  tbi'  tuU*  is 
rljichcd   and  phicid   either   in   a  drying-oven   or   in   a  desiwator  over 
sulpliuric  ariil,  and  kept  until  il  ceaws  to  lose  weight  (moisturej.    The 


1 


iii't  increase  In  weight  represenfai  the  amount  of  dust  in  Uk  votuint  of 
uir  iu>{>initcd. 

To  tierermine  ihe  mimbcp  of  diiat  ]iart)cl»<  iu  a  given  volonu,  thf 
iiictliixl  of  Aitkin  itf  ciiiiilovr-d.  'E'h<-  ii])|iiir»(tt.'>  iii4-liMlfj<  a  ■bmlluir 
metallic  box  with  gink's  top  and  l>i)ttorn  etched  Id  ^uiir»,  InlulbLt 
lx>x,  containing  uir  which  lian  l)«en  IriH^  fix>in  dii.ul  hy  llltnilion  lliniugh 
cotton,  and  is  ki'pt  sutnnitcd  witL  moisture  by  means  of  wet  Ii1le> 
|wIht,  a  small  niawin-d  autniint  ol'  the  air  iiiicW  cxniuiniilion  i^  in* 
Iroiliii'iHl.  Bv  finisirii;  tin-  ronnEilinii  "1"  ii  jKiniiil  Micnuni,  tacli  jur- 
tide  of  diiHt  liff<iiiit'ii  <?oiiti?i!  with  roiiiIciif'L'd  moisture  and  hem*  I'.'ixti 
U>  iiill  ii|)mi  tln'  (.-ii'hal  fiinan-.^  of  ihi.-  Uiltiiiii.  Tht-  number  ili-inwitwl 
m  oouiitod  witii  the  aid  of  a  magnifying  g1a««.  The  number  of  pnr- 
tiolcs  vai-ifj*,  awordiiijf  to  Aitkiu'^  obpi(-n'ati<)n»,  from  8,000  l«  1W,000 
|R'r  cubic  inch  in  tlit-  imiiitry.  and  from  1,(»00,000  to  50,000,ft)l)in 
oitifs. 

Bacteriological  Examination. — The  method  whieh  involv<s  the 
least  trouble  ami  reiiniren  a  minimuiu  of  appafHtua,  and  which  fur  ill 
pntctii'iil  piirjWTH'!'  givi-*  jrrxtiiliwt  MalisGictifin,  wm^'iftj'  in  m[h»«ii([ 
^eliitin  plat«:  or  Petri  di^he^  for  a  definite  iwriocl,  and  then  oivirili); 
ilicm  and  letting  the  i-olduie.i  develop.  .\ner  the  pn>]H-r  inienal,  iti? 
nunilKT  of  un>«th^  nuiy  be  eutintid.  and  (he  individual  si»eei<»  itobtcd 
and  fttudied.  This  method  is  verj- iweful  for  eomi»arative  work,!!"" 
R->idt»  iH'ing  givni  iis  the  nunibiT  of  colonic)'  which  develo]t  iSer  t 
given  eXjioKure. 

For  more  uecnnite  ipmnlitutive  work,  l\tri '  devised  n  pmnew*  iif  flO" 
tiltnition.  A  glass  tube,  9  by  l.fj  em.,  scr\'e6  to  iiivry  two  small  filWN 
whieh  lire  aminged  hi  the  following  manner:  Tn'o  tunall  tigbtlj 
fitting  (tiaphmgm*  of  fine  wirt-  gnnze  are  inwitwl  into  llie  tuU'  ul  > 
Idiint  midway  between  the  ends.  Into  one  side,  a  <iiianliiy  '>(  tine 
ipiinta  wnil  \i^  jiaeked,  and  npon  it,  to  kinji  il  in  phwe,  juiothcr  ■It"" 
phiagiu  ifl  driven.  Above  thih,  the  spaee  k  tilled  with  a  eotloii  pl'ig- 
Tin;  tube  in  now  ri'verw^i  an<l  a  .-iecond  fiiu-r  of  Mtiid  Li  made  io  tbf 
same  way,  Atter  complete  ^terilimtioii,  the  eoUmi  plug  in  one  eudp''* 
way  to  a  ndiher  stopper  with  a  ningle  jH-rt'oration,  through  wliicli  ]«■*•* 
U  glufW  tube  connected  with  an  UKpiniting  jmnip.  Tin-  oilier  e>"^" 
plug  in  removed  anil  the  piiieeiiB  of  suctiiHi  Iwignii.  AVhen  a  aifc''"' 
amount  luiH  been  ilrawii  tlin>ugh,  the  two  fillen*  are  removed,  ew'h ''5 
itself,  and  mi.vtd  witli  the  nutrient  gelatin  from  which  platm  aiti"'*' 
to  Ik-  nuide.  The  first  I'lller  slmuld  ef>ntain  all  of  the  oi^ganism?.  "** 
w-cond  M.-rving  tw  a  i-onlrol. 

Fieker  suggested  an  improvement  iu  the  eonstructinn  of  •"* 
fillens  Mibslitutiiig  for  wmd,  which  to  a  oertain  extent,  musk*  '^ 
etjionies,  pow<lei-ed  gliLH>i,  which  has  not  this  difiad%'anbi^.  A  >■>"' 
l)etter  material  is  fine  sugar,  llie  n.-«'  of  which  was  RUggtstcd  li"* 
by  Si'dgwi<'k.  The  advantage  of  thi«  is  that  it  is  diseoh'eil  in  'i"* 
liqnetied  gelatin,  and  thus  disapi<ears  from  view,  and,  diereforef 
neither  maslcA  the  cohmies  nor  run  Im'  nii!«tnken  for  tJicin  in  counting. 
'  Zeluchrift  fUr  llvginii*,  III.,  p.  1, 
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iMdgwick'a  method  of  collecting  oi^nismH  and  obtaining  cultures  18 
>ne  which,  on  the  whole,  in  preferalilf;  to  any  other  that  has  been  siig- 
l^led.  His  apparatiu,  known  as  the  aerobioscope,  m  a  gla^s  tube  about 
-1  incbe:^  in  length,  shaped  like  a  hydrometer  and  o[h?d  at  Imth  ends, 
lie  narrow  portion,  which  is  rather  less  than  half  the  length  of 
be  tube,  has  an  internal  diameter  of  0.2  inch ;  the  broader  portion  has 
D  internal  diameter  of  1.8  inches,  and  at  its  free  end  is  constricted  for 
o  inch  to  about  half  its  size.  Into  the  outer  end  of  the  narrow  por- 
ion,  a  diaphragm  consisting  of  a  roll  of  fine  wire  gauze  is  inserted  to 
Kt  as  a  plug  for  the  sugar  filter.  The  two  open  ends  are  stopped  with 
iotton,  and  the  apparatus  is  then  sterilized.  The  plug  at  the  larger 
tod  is  next  removed  and  the  sugar,  sufficient  in  amouut  to  fill  the  small 
tnbe  above  itM  contained  diaphragm,  is  introducfd.  The  plug  is  replaced, 
ind  then  the  whole  is  sterilized  at  1 20°  C.  for  several  hours.  In  use,  the 
ipparatus  is  held  in  a  vertical  position  with  the  narrow  portion  down, 
the  plugs  arc  removed,  and  a  measured  volume  of  air  is  drawn  through 
by  means  of  an  aspirating  apparatus  connected  by  a  rubber  tube  to  the 
lower  end.  When  the  desired  amount  of  air  hiis  been  aspirated,  the 
Bij^r  with  the  Itacteria  which  it  has  arrested  is  brought,  by  proper 
DUD ipu hit  ion,  into  the  broiid  part,  into  which,  by  means  of  a  bent 
fimnel,  a  sutficient  amount  of  liquefied  nutrient  gelatin  is  introduced. 
The  plug  is  replaced,  and  the  tube  is  then  rolled  and  chilled  on  i(«,  and 
W  aside  for  the  development  of  colonies.  After  the  proper  interval, 
the  count  is  made  in  the  usual  manner. 

The  methods  above  given  have  generally  superseded  that  of  Hesse, 
*bo  was  a  pioneer  in  this  branch  of  investigation.  His  apparatus  con- 
uts  of  a  glass  tube,  28  inches  long  and  about  1^  wide,  supported  in  a 
horizontal  position  upon  a  wooden  tripod.  One  end  is  covered  ivith  two 
nbber  caps,  the  inner  of  which  has  a  single  perforation ;  the  other  end 
i«  dosed  with  a  rubber  stopper  with  an  outlet  tube  of  glass  plugged  at 
wi  end  with  cotton  and  connected  with  a  jwir  of  aspirating  flasks  of 
« liter  capacity.  The  tube  is  sterilized  and  charged  with  50  oc,  of 
g^tin,  which  is  allowed  to  solidify  before  use.  In  conducting  tiie 
operation,  the  outer  cap  is  removed,  thus  exposing  the  inner  perforated 
ooe,  and  a  current  of  air  is  drawn  slowly  through  by  the  action  of  the 
vpiiating  flask,  which,  filled  with  water,  empties  itself  into  the  other. 
By  reversing  the  flasks,  any  number  of  liters  of  air  may  be  drawn 
uimogh.  In  its  passage,  the  air  deposits  its  iMicteria  on  the  gelatin. 
TIw  process  has  many  disadvantages,  and  can  make  no  great  clmm  to 
«tnracv. 


CHAPTER    III. 


THE  SOIL. 

Nixru'iTHKrAN'niNO  iIk-  <viii.-<lnnt  itiid  iicneiwiitrily  intimate  niaaia 
nf  iill  liii-  til  till-  i^^uil  U]Kin  wliicli  uo  biitltl  our  huliitaliuD^.  Inim 
wbtch  wc  derive  in  wiich  grrat  (tart  our  Mti(>{il_v  of  drink iiig-"al»'i, 
iiitii  wliifli  we  nut  viutt  (|Uitiitilii7  »t  orpiiiio  fillli.  suid  lo  whii-li  "<■ 
<v)iit>ign  our  d»id,  the  eiilijefi  cf  ihc  Kinitarv  ini|iiirtuiiit-  i>f  (lie  ■'■ii 
luiH  lint  iiiitii  witltiii  ivimiHinitivvly  ikkh'IH  yi-ai>  iv'cvivwi  the  iilloiitiuu 
which  it  nieritf^.  Tliiit  tlic  soil  exertti  inipiirtant  inAtieiieca  on  lll^ 
jtiihlir  luiiltli,  Mu-^  nil <);i I )/(■•)  long  In-ton-  (lie  time  ol'  Hi|i|i<«TgU)v 
mid  estfiicivc  rt-Kwiivhev  <iii  tlie  jiiilijoct  ligiire  anmny  the  wrlif* 
itivc-.1t  i^i  til  I  im  of  tin-  iiiihIi'i-ii  h_vj;ii-iiisl,  hut  lij-  fur  tin-  fjninteKl  port 
of  tlu-  iittciitioii  )Miid  to  tliL>  otudy  of  tlie  soil  luu  Ihvd  due  10  wn* 
sidenitiiinH  of  public  wenltli  nithi-r  than  of  puldie  licnith.  With 
the  gnulual  ili'vcliijuticut,  liowcviT.  of  ii  mow  Hccurati-  knowlclp 
of  the  t-iuiww*  lit'  dii<«w,  hn^  eouie  iui  iucreaj-iug  inlen-st  tii  thcrela- 
tioiw  (tf  the  Koil  tci  lhrn.1-  nuiMw,  mid  what  liio'  hithirrto  twfl  "» 
wthor  neglct-ted  fit'ld  of  exploration  uow  bids  Biir  to  be  irell  ttii 
tboroiicbly  tilhil. 

Tliat  portion  tif  tbc  Rirtli's  onist  in  which  we  s»  hypii-nij*  *" 
inliT(*t<Ml  ini-biilw  tin-  j-ujH'rtiH.il  Iiiyi-r,  known  nw  tilth  or  arablffwl- 
which  ia  the  rej'ult  of  the  dii-tnt^^itioii  of  rocks  and  dcciiy  of  inin'W 
mid  vnpotablc  life,  and  the  tttibt^oil,  whicli  lies  directly  lienmth.  The 
former  varicw  from  ii  few  iiiclie!'  to  «<'venil  feet  in  (K'[ilh ;  the  !»"** 
exteiid.-i  fi-w  nr  many  fivt  dnwiiwai-d  to  the  hanlpau  or  othw  imp«- 
mmble  xtmtiim. 

Soil  U  »  inixtiii'e  of  sand,  clay,  and  other  mineral  subsiann:^. '"''' 
huraiiM,  or  orpiiiip  nmtter,  and  livii^  orpinianLi ;  and  it  \h  cIsumM 
aceordiii);  mk  one  or  another  of  it*  coiiMitiiwit*!  predoniinatR'.  Toe 
Lir<n»l  i'ln.-«<ili^«ti(iii  (if  Mi\U  ineJudes  wind.-,  elays,  loamh,  roarlf,  ||IIUI"^ 
nn<l  \Mw\«. 

Snndii  M>it»  mnfiixl  nlmoat  wholly,  or  a1  lout  more  than  foiir-lifih^ 
of  pure  «nd  of  any  kind. 

(if/iy*  are  stiff  ■'oilh  eonsirtinit  chiefly  of  xilicate  of  abimtuum  J"^ 
other  verj-  liin-ly  diviih-d  iiiini-i-jd  loiitiers.  Clay  exists  in  jxiptii-li*** 
the  r^iiiid)e>t  ijox-ibk-  ^il[^^  I*  very  ("he^ive,  |mws<-w4-s  a  hijib  di-^nv  '" 
pliifliriiy,  aiHl  piiivf  a  ven-  imjtortant  |wrt  in  detenu iniii«;  ibi-  fern'"?' 
of  Miil*,  their  t(-xtiire,  and  their  tnimeily  for  holdiiifr  v,-nler.  It*  |'l»^ 
tioity  is  due  li>  the  presence  of  u  "mall  profkortion  of  hydrattil  .-ilini''' 
iumI  ii*  HKMlifieil  ver}-  jthaily  by  tlw  adililion  of  h*:*  titiui  a  hundndln 
]mrt  of  iwiiMie  lime.  It  i*  eseiisliuj-ly  ini|H.'l7iMSibl«  t<>  Wilti.-r,  «■" 
when  wet  driw  with  j^rmt  tUuwuue. 


laOMt  nro  niixtiin>»  of  miiiiI,  vIhv,  mid  hiimiis ;  b<-nc«  Uieir  proper- 
tics  iKtrtnkf  of  the  eliarsictcri sties  of  thcw  siibKlHtn-i.s  uit-onliiij;  in  the 
cxlcni  to  wliii'li  wicli  is  |iii!H-iit,  When  snnil  pretloiiiiuaU-i*,  tliey  are 
il(«igii!Lt<.>d  m-  lif/iif !  and  whon  olay  pR-vailn.  lln-v  iia-  known  lot  hfuri/. 
'I"h*!**'  (pnnft,  Iiowevpr,  have  no  reference  to  weijjht,  but  to  llie  oilw  or 
diflic'iiltv  wilh  wliieh  lliev  urc  workul  in  the  urm'ivw*^  of  :igrietiltiire ; 
and,  in<li<t!d,  tho^^e  soils  which  are  the  li;;lite>-t  lu  thii^  .■^iixc  iiiv  the 
hcjiviw"!  in  ni'tnul  weight.  Since  l<mnin  a>ii.->inl  of  varying  [Hiiimi'tions 
of  the  chief  coustitiiento,  it  is  obvious  that  the  won!  Iwini  oiav  huvc 
but  litilo  ."itfiiiHcinKT  without  nome  iinnlifying:  lemi,  and  they  are,  there- 
fore, dividixl  into  five  elai^iici^,  as  fullows ; 

1,  lloivv  dny  iDoni^  ■.iminining      .   .    -       -  10-26  per  wsil.  of  miil,  j 

■  3.   ijHin.  crjiibiitiiriit  .    .    .   : 4(MH>  "  "  1 

■  -L  Suiidv  liioHi,  (■onioining   ....  ■  OO-TJi        "  " 

H  A.  I.JkIiI  Hinily  luani,  <,i>nlninin|| 73-60         Ha  J 

Mixtures  Mintiiiiiintf  Ic^  thun  10  or  more  than  90  jKTC0nt.of  tund  um 
elaiwed,  rc.-[Ri'tivi-Iy,  as  clay  or  samh 

ifiirU  are  niixtnr<^«  of  chiy,  smd,  and  nmorphoni*  eaU-iiim  earbomite 
in  varioH-  ]ii'oiMirli<)ns,  and  iMiitain,  often,  ixitafih  or  [>hos[)hale.«  fiMra 
liie  fiinnii  iind  llora  of  the  kiii.  Knirn  ihcir  (^intent  of  nirlxiniitc  of 
ealciuEu  they  are  knou'D  often  as  lime  r-oils,  and  accirrlin};  a»  one  or 
nnothiT  conMiriK'iil  [inHloininutis  they  aiv  de-->i^inti'd  n.->  chiv  inuri,  Ntnd 
marl,  and  ribell  marl.      All  contain  varying  anioniilj?  of  hiimiiM. 

Hiuiiim  is  a  term  uw.il  U.t  ile-»iirnH|e  llic  entire  pnifhiet  of  vcjrctable 
deoom]>< H^ition  in  the  varioiLi  interme<liaie  stajfcn  of  the  |iroeefi.v  It  In 
the  iwM-ntial  element  of  ve|fetable  monld,  and  is  iKiv'i'wrily  of  most 
complex  com|M>iition — so  complex,  indeed,  that  it  cannot  delinitelv  lx» 
(letermintHl.  It  is  einnjMised  of  a  preal  ninnber  of  eliwely  related 
definite  ehcnii<'al  (-"inipoiinds,  chief  anion;;  M-hieb  are  nimin  and  nlmie 
aeid,  whieh  are  .«np|ios(il  to  ehaiiieterize  bni\\n  liiuiins ;  hiiiiiin,  iitid 
hiitnie  acid,  which  doniiniite  tlnrk,  "r  black  hiimii!' :  and  erenic  and 
apocrenic  aeid^.  Its  prinei|)al  eliaraeU-risI  ie  is  its  high  |>ereei)lajrc 
of  nitni;;eii,  csiKvi^Ily  Toiirked  in  some  of  mir  prairie  f-itls  .■iiid  in  the 
"black  -oil"  found  in  the  provinces  of  the  Ural  Monntains,  whieh, 
iui-i>nln>^  to  Von  Heiisirii,'  ivtntnins  ils  miieli  iw  t~n.mi  ."i  to  12  |>er  ei'jit. 
of  orgniiic  rnatfer.  It*  c<jni])lete  decay  is  niosl  rapid  in  warm  well- 
drainixl  soil^  permeable  to  air,  and  in  such  soils  the  amount  of  hinniin 
pn-s4'iit  at  liny  one  time  will  !«?  relatively  small,  while  in  *oils  whieh 
are  damp,  not  well  ventilatetl,  and,  for  months  at  a  time,  fii»teii,  iw 
aeeiiniu  lilt  ion  is  favored.  While  its  iihimale  proihiets  of  derny  art-  of 
the  prwitest  inip-jriaiice  tti  vegetable  p:n>wth,  it  does  not  follow  that  ite 
complete  absenee  ri'iidcr*  n  soil  in-cessiirilv  sterile,  or  even  jioor, 
provided  the  ncccs^iry  nitrogen  ly  «npplie<l  In  the  form  of  Ditrativ. 
But  ilii  presence  is  necessary  lo  the  (rrowlh  and  life  pivK'OLses  of  the  s»il 
UuneriM,  wilhniil  wlios4-  a>ais(uiK'<^'  many  plants  wniild  fail  to  ihrivc. 

Peai,  mtick,  and  liumuji  goita  contain  large  amounts  of  hiituns,  but  differ 

■  '  Zcitocbrifi  ffir  wiawiuuluftliclii:  Zooli^-,  XXVIII,  ji.  3(50. 
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soL-unlin);  bi  the  Miulitioni^  iiiidvr  wliich  tlic}' itiv  fnmu-d.  /'oifttul 
inuci  result  from  the  inoompleto  decay  of  vegetable  matter  aiMltr  wmt ; 
tXvi  fomu^r  Irrni  iij)|>)in<  tn  tliut  nhirh  i.-<  Mmi|i:K-t  nitil  fi1in»iL-< ;  iIh'  InlUf 
ia  less  cun)|»i<-t,  imt  filtroufi,  and,  when  dn',  i>»><ily  rediicol  tt>  p«uikr. 
T)i<-y  <>iiiiliiiii  lull  n  KMinll  iimoMtit  nf  niiiionil  iiiittlfr.  liumxu  mii  an 
i-oiU  wliH-h  voiiuiin  liir^  pcrcentugts  of  vegetable  mould  with  onlinuj 
Kill  rfuisiitlients. 

The  i-x|>rv-'^i<>ii  locAy  mil  iipplics  to  tiiiy  kiud  uf  ru'H  flotibttnini 
iii)i6^e»<  «r  rock, 

(•nitrtli/  mil"  »«■  thiisi-  wliiiJi  ointiiiii  iioubic  Hmouot*!  <>f  pBwl, 
which  eiinsists  of  snia))  fra^'meiits  of  ruck  more  «r  lees  wgni  liy  ll» 
Mctiuii  of  water,  iind  liir^i-r  mid  <niiirs<rr  tli:iii  Mind. 

Alkolinc  or  m&  moU«  an-  soWm  which  eoiitain  con^idemblo  iim(iunt« 
of  Miliilih-  .«a)ts,  etipccially  i-arUumti-  mid  Mtlphale  of  indium  suid  ollf 
of  uilciiiri). 

Constituents  of  the  Soil. — The  chief  eonfltiltu-nt  nf  the  .^^it  is  »i)ici, 
wliich,  it  U  cstiniiKiil,  f'liuiw  Hbijiit  tw<j-tliirdi<«f  I)m-  entire  winhVifwl. 
Ni'\t  in  jibiiiidaiice  iw  nlunihiun),  diiefly  in  the  forni  of  clay  (Hlinib-<tf 
iilinnintiiii).  JJmc  tiiid  iiiii);iH'si)i  iirc  liir^-  (v^iiMitiients  exi.->tin)^  diicR* 
a^  curl>onme»  in  the  form  nf  lune^tolle.  Iloth  ure  indiii)>enfable  t»  tl» 
growth  uf  iiliiiito,  anil  linn-  exfrt.-i  u  nitirke<i  iiiHucnoi^  on  tlie  [tiiytic*! 
0)iuMtiiin  of  the  r^oil  and  (i|Km  the  prwesseit  nf  nitriliealioti.  Although 
it^  ]>rini'ij>;it  com  hi  nation  \a  rarlxmate,  it  exists  also  lai^Iy  ■»  |>Ik»- 
pimtc  iind  Milplmle. 

livm  i.-i  univcrwuily  prchent,  and  is  of  v('r^■  yreat  importance  to  npf 
tutiiin,  althiiuKh  hut  ii  »iuiill  mntmiit  ii*  iu'wii'd.  The  rwl  and  ulW 
colnp*  of  soils  &Tf  due  lo  the  presiiice  of  iron  etinipounds.  >I»ii|5ine« 
i4tnnd.>  .vcoiid  lo  ii-on  in  iiluHKiiuict^  Hniong  the  heiivy  mctalfl,  hni »  "f 
nnicli  h'K-^  iniportiinrc.  It  i*  u  ixin»titiicnt  of  nmny  pinntf,  ni.l.ilih' "' 
tea,  diloriiie  is  not  a  large  constituent ;  it  occurs  chiefly  in  c-niMBn- 
tioii  wifli  Miiliiun,  {lotHHsiiini,  and  niafriK-iinin,  Its  lolal  lunounl  lo 
Oixiinary  tin|Mdluted  i^oil  seldom  e.X(^t>ds  y.^j  j  pnrt  uf  the  wIioIl-.  Stu- 
pluir  (Kftirs  as  sulphides  and  sulphate*,  tne  latter  iLsually  in  eoiubint- 
tJon  wi(h  ciilcinm.  It  is  vi-i^-  iiwcusan-  to  vtireiwhle  growth,  iii>  it  i*"" 
essential  element  of  vej^ciable  albumin.  Phosphorus  in  the  fotni  <« 
phonpluile.s  of  linte,  mngne.iiu,  inm,  and  ahiminii,  i."  aiiotlMT  ^vwcnttw 
element,  widely  dUtribiited  in  hUiall  amounts.  StHlJum  and  |M>tii«iu' 
aiv  prft-ent,  chiefly  in  iho  fonn  of  insoluble  silicjiUi-  and  pariH'  i^ 
vliloriikit.      Thiir  tottil   in  c-onihiiuitiiui   >eldom  exci-wlji   -1    [xt  n-nt, 

Nitni^en  exii^ls  in  soils  in  three  distinct  forms  :  prolcids,  anuiivD 
and  its  salts,  and  nitric  acid  and  nitmtes.     In  avcni^*  KoiU,  the  I<A 
nilnip'i)  is  n<it  hirp'  in  .'tinonnt — considiTably  less  than  1  iwrecnl,— ' 
hilt  in  fcoinc  exceptionally  ricli  tiumns  soils  4,  5,  and  even  0  |t-r  wn 
aiv  found.     In  the  oi^nic  <Y>nd)ination.-<  (protcid^)  il  is  not  availnhlcl 
plant  foixl,  consiHim-nliy  thnn-  mu.<t  he  broken  up  into  simple 
in  onlcT  lo  Ik;  of  ilirect  uee.      In  their  decom[Mj^ition,  tliv  M-eor 
ammonia,  \f  produced,  but  not  all  the  ammonia  of  iIm^  ^oil  is  from  ' 
ttource,  for  some  \)>  brought  into  it  from  tlte  uir  tn*  rain.     And  in  tb 
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secoiid  form,  aW.  it  appears  In  be  uot  avuElublc  lu  plant  food,  hut  even, 
an-nrding  to  JtnuchftKliit  and  f 'iofz,'  fi«*mH  to  art  as  an  cnorp-tio  j)oi.*on 
whpu  abiiurbcd  by  plant  routs  frum  Nciluiionn  ol'  0,1  to  0.01  per  cent- 
strength.  So  it  is  probable  that  eouipleU'  oxidation  to  the  third  form 
is  nwrssirv  for  the  nl>r«)rptiini  <if  niiy  form  of  nitrogen,  .^s  "oon  as 
the  ammoniii  is  oxidized  in  its  turn  to  nitric  acid,  this  latter  combines 
with  Kodintn,  [>otiis.-<iiitii,  or  uilciuni,  and  the  re.'^ulliiig  nttratv^  UTv  then 
ready  for  ubsoqition. 

All  of  thew  <'liaiigc.'»  from  the  complex  proteid  to  tlie  simple  nitrate 
are  ciirriwl  along  by  different  griin|w  of  mit'ro-orgaiiiismw,  biit  no  grwit 
nccumnlation  of  the  end  pii^ucta  oceui-s,  Ijeraus*.  while  vegetation  is 
flonrishing,  tbey  ari'  ■■eniovcd  H:»  tii^t  ii^  fonuiil,  inid  «'ln'ii  it  lias  (tiis'efl. 
thev  are  washed  down  into  the  subsoil  by  the  riiin  and  melting  snow. 

The  nmuiint  of  orgnnio  matter  in  soils  \'aries  widi'ly  acconling  i<i 
circnmstanees,  but  the  amount  ncc"?s«iry  for  vegt-tation  ii<  quite  small, 
although  oi-rtain  oropn,  a.^  tobacco  and  wheat,  require  much  more  ihan 
others,  as  oats  and  rye.  The  !«>il»  richest  in  mganic  nmtter  sire  the 
peat<*  and  Rineks;  uejct  come  the  very  rich  liimitis  soils,  which  may 
yield  more  thau  a  fourth  of  thftir  weight,  Friim  10  to  l.'i  jun-  «-nt. 
denotes  unusual  richness,  and  about  6  per  wiit.  may  b«  regarded  ns  a 
fair  amount  for  n  prtHhictivc  soil. 

Phy&ical  Properties  of  Soils. — Pore-Tolume. — In  nil  soils,  no  mat- 
ter how  tilo^cJy  llic  inilividual  jwrticles  are  juickwl,  there  must  exist  a 
greiiter  or  less  amount  of  iutemtitiitl  simci-,  which  nmy  in-  tiUwl  with 
water  or  air,  ur  both  together.  The  sum  total  of  those  interstitial 
sjwci'S  is  known  as  the  poroKitii  or  /itiir-roliimr,  jind  t*  expre*'*cd  in  |kt- 
centagc  of  the  volume  of  the  soil.  Its  amount  depends  not  ujion  the 
Bin**  of  the  soil  particles,  but  upon  llicir  unifonnily  or  lack  of  nuifonn- 
i^  of  6i7.e,  and  ujMin  their  arrangement.     If  we  have,  for  instance,  a 

Pio.  11  Fio.  16. 


very  coarse  soil,  consulting  of  particles  of  uniform  sire  in*  large  ns  pen.1, 
uiid  anotJicr  of  uniform  particles  the  mta-  of  umall  shot,  we  shall  find. 
on  determining  their  |(orc-viilnmc.  that  it  is  practically  the  simic  in 
each  wi-M-,  anil  is  pmbtdjly  not  far  from  n  thin!  of  the  whole.  Packed 
in  the  most  solid  manner  )iits.-.ibh',  which  is  that  in  which  each  sphere 
rest!*  on  three  Ix-ut^ith  it  (ari-ange<l  like  the  familiar  pyntmid  of  ninr- 
bks),  helps  support  three  in  the  layer  above  it.  ami  comes  in  contact 
witlj  others  at  six  c<piidi>l:int  jKiints  along  its  (ipiator,  a.-«  in  Kig.  l.'i, 
the  volume  of  inrcrstitiid  space  will  cqiiiil  2-J.Oo  per  wnt.  of  the  whole. 
Packed  as  loosely  as  jK«siblc,  no  thut  each  rests  upon  but  one,  sup- 
'  Uniuclir  iDfdiciniH-be  WixbunachrilH,  1K*.9. 
IS 
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p«irt8  another,  and  eomcfl  in  conlact  with  but  four  of  its  nuiphbons  in 
thf  Riimc  liiviT  a*  itst-H",  as  in  V'm.  Hi,  Uw;  vulumc  of  thi?  iiiu-rHiioo» 
will  be  47.(i4  per  c*nl.'  Thns  a  Miii  compijsetl  of  ^i^'Huil  fnvins  of 
iiniforni  >iz('  woiiM  biivc,  i\^rrlli'i«<  iif  the  i-oiir»on»is  of  the  grains, 
ii  [wrt'-voiume  of  not  lew  tbao  23.ft5  [kt  wnl. 

Tlmt  till-  .iia>  of  the  in(livi<liml  (rr-ainri  make.-'  no  diffeit'tice,  may  easily 
bt-  (Jcmon^tnitwl   in   a.   |UjiiL-ti«il  manner.     If  we  lake  two  eyiindri<«l 
glasH  vessels  of  the  Aanie  si^e,  till  them  to  the  saine  height  willi  water, 
fttul  tliim  tiftfl  to  the  one  »  nititHDn-  of  tiirgi-  shot  nnd  to  (he  other  iin 
equal  meiiiiTire  of  much  liner  r^bot,  and  ^^et^'urv  aw  i>«lid  packing  as  p<>^ 
ftible  hy  gfutli'  luppiu};,  it  will  be  fonnd  that  the  water  in  end)  eylin- 
diT  hiLe  riiwn  to  pmcticully  the  Ninie  height ;  that  w,  that  tbv  iidual 
volume  of  eaoh  is  Hbont  the  same.     There  will  be,  perhaps,  some  slight 
€ii(l('ri.'nw  iinc  wuv  nr  (he  olhcr,  owing  t"  the  im|M>!Wtbililv  of  tk-euring  ^ 
abMoluie  unifomiitv  of  jMirkiug.  and  to  the  error  due  to  the  iooquality   ^ 
ol'  the  .i|)jii't-N  idon;:  thi-  fin-unifcix-nrt-  of  the  evliiidcr?.     Bnt  in  nnmre 
we  do  not  d«il  with   perfect  (Spheres  or  with  soils  made  up  of  particles  ^ 
all  of  the  same  sm;  but  witn  umla  oonijKuted  of  angular  pienr»  of   fl 
varying  .tizi-.     TIk-  greater  the  variation  in  *ii!e  of  tln'  [uiriieK^,  the 
)^reati>r  the  poBsibility  ol'  variation  from  the  limits  of  pore-volume  as 
given  above.     Willi  viirying  stw,  iliv  «mnl!  [Mtrtirlw  niiiy  tail  into  the 
upace?  nuwie  by  the  larger  ones,  and  the  »]iaees  between  the  new  c<;>mers 
may  be  lreiipa.-wed  upon  by  ^'till  :<miLili-r  grain)!,  and  tut  on  until  tlu> 
inlci-stitin)  .iimhh'  hai<  lu-en  rciluced  to  n  niininjum. 

To  ilhistrate  thia  diminution  in  a  jiraetiiiil  way,  fill  a  large  Iteaker 
with  niarbh'K.  then  ]>oiir  into  It,  from  a  graduate,  suflteieut  water  to  fl 
di.H[ilaee  all  of  the  air  in  (lie  intemtioi'-s  and  note  the  amount  of  wal«.^^  ™ 
rcfpiiriil,  wliii'li  U  the  jwrc-volumc  of  the  mai^.  Next,  jwur  out  the 
water  as  completely  as  possible  and  run  on  to  the  surface  of  ibe 
niurhhw  n  i|niiiility  of  eoiirsi'  Miiid  i>r  slicil,  and  I'hukf  the  Vf»t'l  gi-nlly 
ill  all  directions  so  as  to  favor  their  descent  into  the  sjuices  below. 
When  all  have  penetniled  that  i.«n,  jxinr  in  wiitcr  again  until  it  ajt- 
pe«r»  at  the  surface,  and  note  the  amount  rec|uirL'd ;  this  is  smaller 
than  before,  on  account  of  diminished  air  spaces.  Now  pour  ofF  the 
water  a  Mi-tnid  time,  add  Ktill  finer  shot,  uiid  rejx'at  the  i>|H'nition  us 
before.  8<>  long  as  new  matter  can  he  added,  so  long  will  the  pore- 
volunie  ^liow  a  diniiinitioii. 

Irregularity  of  s'ly.v  and  shape  of  the  particles  may  also  have  an  in- 
flnenee  in  the  other  dirertion,  anil  cantie  the  formation  of  large  spaoea 
and  iiicrea-Hil  pore-volimic. 

All  soils,  e\'en  the  most  eoni|iaet  rocks,  have  a  certain  amount  of 
|H>iv-volumr,  and  some  apjuirently  conijHiet  niassei*,  sneh  as  sandstom;, 
have  as  mneh  as  30  yter  cent.  In  soils  which  are  eement^il  into  homo- 
genenns  masses,  the  pcni-- volume  shik»  to  a  minimura,  but  in  ordinary 
soil"  it  amounts  to  aliout  40  pir  i-ent. 

Permeability  of  Soils. — The  permeability  of  a  soil  to  air  depends 
not,  as  it  might  ajifK-ur,  ujion  the  amount  of  its  pore-volume,  but  upon 
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siKe  i>f  thp  intlivlttual  .'sibipos.  Id  fact,  a  soil  of  higli  potv-voUime 
may  be  alDi'K'i  imperniKilili'  fi>  iiir  in  cr>iinnin.*tm  witli  *»».•  yf  U^^»  [Kirt- 
vijlHnic,  as  ^^"ill  In-  .-}iowii  ;  and  the  |Kire-\-oliipje  is  uf  itself  do  measure 
wliiilrviT  of  pi.-i'iiK'al)ilily,  \>liicli  diiiiiiiinijiw  in  iiii  cxtruotiliiiiiry  decree 
with  diminution  in  tlie  sizi^  of  the  i^oil  ])arttclE<s.  Tlie  gri>uter  the  num- 
Iht  of  llie  iiidividiinl  hjijiciis,  tin-  ^ii-.ilir  the  uutiilHT  of  nn^li'.'<  and  the 
gresiter  the  frietioii  i>f  the  Mittniip  air;  and.  eoiivtr*cly,  the  los  iho 
DiinitH-r,  anil  eon.>*ii(|ui'nlIy  the  larger  the  oi/e  of  the  siuice^,  the  less  the 
niimlRT  of  angles  and  the  lesi*  the  olwstnietion.  A  wrie>  t>f  eJt  [KThiieiits 
eondueted  very  earefuUy  by  Benk '  with  diffea-nt  kiiids  of  »)il  in 
eyliniler"  of  equni  height,  timiiigh  tvhieh  iilr  whh  fnn^]  under  the  Mime 
degree  of  pressure,  yielded  the  following  interesting  n?»ult«  : 


KitufB  of  nil. 

IHlIDBlBr  uf  (TtlO*. 
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Las  tluiii  1  iiun. 

)  lo  1  mm. 
1  lo  2  mm. 
^  U>  4  min. 
4  to  7  mm. 

Ui.B 
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37.9 

SO 
20 
20 

•na 

20 

auoiss 
aii2 

1.280 

6.SI0 

1&G40 

I 

St 

9ai 

'V\it\*  it  '»  Hccn  that  »  fine  xand  with  a  poix^  vol  nine  of  5d.5  |>er  ocnu 
l)ernjilt<il  the  punt^ge  of  but  I  volume  of  air.  while  »  ^ivcl  of 
nu^liuni  coarneniws  with  much  lower  porosity  penniltttl  ilic  [nl^^^lg^.•  of 
1I,*!84  ttmeo  as  much  in  thestimeunit  of  time.  Itenk  showed,  farther, 
that  with  soil.-i  of  the  (iner  texturc-H,  pernieabilitv  to  air  is  liirectly  jm)- 
|Kirtionate  to  pn?)fMirc,  but  that  tliii^  is  not  tnie  of  those  of  courser  graiu. 
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TXw  al>w»n>  of  auv  mnnec-tion  betwM^i  pniv-votiunc  and  penneabil- 
\t\-  Iia.i'  l*een  <L(ivni  alw  \>y  \»n  Wdib'clikowskr,'  from  whose  re«till« 
lilt-  I'olUiuii^  talile  has  been  ooatAracted  : 


VauntCMl. 

iOUD. 

lain«iof«lt 
lallMtt 

te*it^ 

AXXI 

35.47 

CO 
«0 

50 
M 

ftOd&S 

OuBMO 

7.3M 

S3.GS)> 

1 
]» 

CgancniMl.                        .... 
niwgniTtI                       .   . 

Since  permeability  lUniintfhcs  nnth  tiDeneiM  of  textarc,  it  fnltowA  that 
olay  and  -■'iniilatr  ,-<i>iU  pitAM?s:i  thin  jin>))en\'  in  the  Mimlhwr  tlvjn^H.-,  nnd 
that  when  thcM.'  nrv  inixci  with  xaiidy  M>iJ«  xhey  must  iiec-»'«irily  le^en 
it  ti>  a  verj-  marked  extent.  But  clays  and  loani?  may  iNviir  in  vtiy- 
t>|Hi»  cniinlily  (iirm,  tliiit  U,  in  \itn-v  fnif^i<-nt(<  nf  vuryinp  size.  «inh 
oon^iitting  of  tnyriadB  of  lanall  partiolos  held  tn^ther  hy  the  aid  <if 
moisture;  and  ^uvb  s^ils  ^hiw  u  hi^rh  jH^nnuihility,  due  to  their  tatge 
iotemtilial  »*[iuc««, 

Tlie  d«^T«'  of  [lemiPfthility  to  air  i^  iiifluejtii'd  V(-r\-  prwilJy  I>y  the 
jniit  of  O'ntuintil  muij'turc.  the  maximum  infiticnec  beinj^  exencd 
by  dei'idw]  Hetoesi*.  Thi^  in  due  to  the  faet  llut  the  givater  the 
amount  of  water  pnwiit  hi  itie  iutei>tice»,  thegnutix  the  diniinuljon 
in  the  tiinKH^  av»iLil)le  for  the  pussn)^  of  nir  aitd  llie  )2;rratvr  tltc 
oKntnirtion  to  its  mi'vcnivnt.  Thus  the  tfiniiik'tf  wriusion  of  tlie 
tntfp'iiwjt  l>y  water  is  etjiiivalent  to  abmlute  iu)|ierra(flbility,  eswpt 
when  the  pressure  of  nir  is  .iiiHiciciit  to  di!<pbe<T  tJic  wTilcr  xnd  move  it 
along. 

Id  the  caee  of  soil*  that  lire  only  [mrtially  wet,  the  diminution  in 
permraliilitv  varies  according  as  the  niojtiturc  cntew  from  aljove  1^ 
ruin  or  from  In-low  liy  ciipilhiry  ntlnu-tion  fii>m  the  water  in  the  sulf- 
Hoil.  This  \h  owing  t*>  the  fact  that  wlioii  llic  Miil  is  wcHctI  frckm 
ftlKivv  hy  niin,  the  superficial  interstices  are  occluded  more  or  less 
completely,  and  tlie  air  in  those  hclow  is  rcslniinwl  In  its  movwiiont; 
while  wlu'U  tin-  moisture  is  derived  by  capillan'  attraction,  the  air  is 
di:?iplacctl  upwanl,  iind  ilic  siijHificiiil  inti'i-stict's  an?  more  or  less  com* 
pletely  o]>eu.  The  action  of  downward  ai«l  npwani  moii^ti'iiiu(f  hiut 
ixfn  invi?li)^it«>d  hy  Renk,*  whose  results,  in  part,  ai^  given  in  the 
folloiving  tabic : 

*  Beting  nir  Kcnnlnin  ilrr  PiTiiimbilitiLl  dm  Borlviw  IDr  Lufl:  Arciiiv  ror  Ilvirients 
II.,  n.  t«a. 

'  Tlif  hriicllt  of  tilt'  rolimm  nf  rimli-iinl  in  llii«  fij-^rimcm  wnn  threisfourth*  of  « 
mrtrr.  intuud  of  ■  hiilf,  wi  in  llie  otw  of  iLe  llin*  uilivn,  Wllb  *ii  v<iu»l  b«uf4>(  llw 
mnitt  BTiiilil  have  been  niucb  larpir. 

'  lrtK«  ciUUL 
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Kalnn  of  Mil. 


Mnlium  gravel 
KiiM  grtv«l  . 
Cuanr  lonil 


Fine  tand 


fat*- 

•glamof. 


37.1) 
37.9 
37.0 
41.6 
AS.9 
fi5.S 


UoktiU*. 


ahonnt 
fruiii  AboT« 
from  btlow 

from  aliOTv 
from  bolotr 
aWiiE 
from  nbote 
ftvjiii  below 
ubw-iii 
fnjm  nlxivi) 
from  belaw 
abwnt 
from  iilxive 
from  below 

from  ibovH 
from  below 


Pnauir*. 


SO 

20 

30 

40 

40 

40 

40 

40 

40 

1.^0 

ICO 

150 

ISO 

\m 

15(1 
ISO 

\m 

ISO 


BMMofalr 


14.03 
13.70 
14.04 
13.16 

32.i').i 
S.33 
1.01 
1. 71 
0.ft7 
0.11 
0.00 

aoi 

0.U3 
0.00 
0.01 

o.w 

0.00 


Permeability  is  lesaeoed  also  by  frr'exiii(j  k'lnpcnitiirw*,  by  rtM*oii  of 
the  fact  that  the  coutainecl  moL-tiire  exjiiiiiil^  abnut  one-elevoiith  of  Its 
voliiiiK!  uM  it  fruczi-.-i,  jiikI  ho  iM^iMi|iii.-.->  ihiil  miik'Ii  iitorv  iijniih-  in  lh<-  iiitci^ 
slice*.  Moreover,  when  fro/eii,  the  moisture  is  iii  a  fixed  rather  than 
n  movable  con<lition,  antl  eau.te.-i  the  priMliicticiii  of  a  cnmiHiel  luaHs 
m<)re  or  Ic-jw  rewrnbliiiji  utoiie.  The  liner  the  trrain.  the  more  wolid  ihe 
I>r>nliiet,  .ind  the  (jrtiiter  the  (UniiiiulirKi  oC  [n-rnieabilily.  Keiik  '  ilcttr- 
nitiietl  the  di  mi  nil  lino  in  the  ])ermeiilMlity  of  uoilfi  of  different  ^rain  bize 
due  to  freeinng,  as  follows  : 


Kalnn  of  Mil. 

ScmrM 
«f  motiUiTft. 

renuMbllilj. 

DliiiliiDtlaB. 

MolM. 

troma. 

"              " 

fpiiii  nb>«-e 
"     Iwiow 
■'     fibove 
■'     lu'ltiw 
"      nboTe 
"      bolow 

1-1.(13 
13,70 
13.10 
law 
1.01 
l.Tl 

13,87 
12.20 
VIM 
1P.18 

1.04 
1*7 
0,07 
0.00 
0.00 
0,00 

6.2* 

io.a 

ft.4 
10.0 
H.1 
•2h' 

m             a 

"     below 
"     nbovn 
"     b^» 

0.11 

0.00 
0.23 

30.4 
100. 

The  <leprre  oi  i>erni«ibility  of  soil  to  water,  like  that  of  i»emiefibility 
t"  air,  in  governed  t>y  tin-  te.xiiin:  rather  than  by  jiort-vdhiDie,  as  Is 
«hi>wn  by  Ihe  following  ivniiIU  obtaiuefl  hy  von  WelitjM^hkr>w>ky,'  who 
det«rmin«l  the  rates  at  which  water  wimUl  pa.>w  throii);h  colnmns  of 
(•nil  of  ditleriiijr  tirn-nejw  (mekisl  in  eyliiiileo'  of  e<iii«l  dirinietor.      £Jicb 


'  IVilniK  iiir  KciitJiiiiw.  lii-t  rvniivntiitil^I  d™  IWfiis  fib-  Lull :  -Vrvliiv  (lir  HviitunF, 
II.,  |>.  483. 

*  ICxpcrimcnlcIlc'   rnlcntuchung  ubor  die   IVniiaabiliiilt  dc*   IkKlriM  lUr   W] 
Arctiiv  fOr  I]yitivn«,  II.,  y.  400. 
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ej)cciiiicD  wnn  tti>t  coinjik-U-ly  Mititniltrti  iind  tliiii  kept  m)  dunug  uirij 
cx)M-ri]iii;u[,  the  wator  supplied  imag  kept  at  <^>n.Htaiit  tovd. 


llcl(bi  of  caluHB  at  lOU. 

»m.             t             KB' 

Hdfhl  at  mlar  nluan  abora  mU  mttat*. 

t»ga.            -■■■<.. 

NMun  tit  wll  Biiil  fUt  of  (niD. 

AOUHintuf  i>aUr-ilp>kaiff>l  Ik  lH'r*!"' im" 

f^nefond,  lem  tlmn  )  uiia.                  .    .    . 

Mdlinin  (and,  1  to  1  mm.               

(.'miM  wnd,  1  Ui  ^  iiiiti.  -    -            ... 
Fit\«  grarel,  3  lo  4  mm.  .            ... 
Hedliiai  Riuvol,  4  to  T  mm. 

0X10024     O.U0O&9     O.0UOU    ao«r:s 

aiT5          0;43A          <).I±)         U.°:i; 
1.767           4.014           l-Kl         HH 
M70         IMTO          T.4«        ll.TM 
J4.»09          -            lasTS 

1 

CompnrinK  tlitwc  rwult*  with  thow  nlitained  by  the  sune  inwii- 
giit<ir  ill  luH  c-xpcrimoiits  on  pc^rmmliilily  in  nir,  il  will  Ir-  iiirtiwl  tJiit 
the  (utal  jHirv-vulume  Iuia  livn-  i-vvii  Iv^  ^i^nilicmuce. 


ii»tui«BrMU. 

HalcbL 

PiMmn* 

tolinM^ 

ItttlaoT  p>n«l/ltu 

Taib.    lT°«w 

Finrwind 

SO  cm. 
GO  cm. 
GO  nil. 

.W™i. 

.*rO  cm. 
«ti«m. 

4I.K7 

1      '         . 

iM       m 

Capacity  for  Water,  and  Water -retainiiig  Capacity. 

If  to  a  voltmie  of  any  ^ni  piickcl  into  a  cjliiKkT  <if  gUcf  «r  in** 
vri'  juicl  walor  in  .lUBh  a  way  tliat  all  of  the  air  in  the  intprsticee  i*  &^ 
placi>d,  the  soil  i*  then  witimilnl  nml  the  Riiniiint  <>f  the  miitainw 
wiiteP  ropnwcntfi  tlio  total  "water  rapacity,"  which,  it  ic  sceti.niiwl* 
the  porp-voliinK'.  The  "  wuliT-iMiiiniiip  i7i|wrily,"  i^  rpiili-  amitlif' 
thing,  and  de|jciHls  ujjon  the  rtnictnrc  and  c<im[io«ition  <if  tin-  s-"*!. 
and,  in  »  nunor  di^n^t-,  ii[iun  other  (■■•nHideralion)'.  If  for  the  mp'> 
vinus  bottoDi  we  fiilixlitiite  one  of  wire  ^ui«.-  or  oiiiiriK.'  dotli,  tlie  i'""' 
tjtinetl  waUT  will  luyiii  to  drain  away,  owing  to  the  t'orif  of  )tniT".*' 
and  llie  flow  will  hy  dejjivei*  lieei.iine  lei^»  aiul  lew,  unci  tinnlly  "*"■ 
Then  the  int<a«tioe»i,  which  opijrinally  were  filled  with  air  aloW"" 
next  with  water,  HIV  rilled  in  {inrl  with  iho  •>»<■  »ti<)  in  |cirt  villi 'l" 
Oilier. 

By  eiiin|Niriii)!:  tin-  oriirinal  weight  of  the  volume  of  soil  willi  ''• 
weight  in  tt«  now  wet  oomlition,  iiK  power  to  retain  water  is  «««!>'  |»^ 
terniini'd.  This  power  is  the  result  of  two  fnni-^  acting  in  np}K*iii"'' 
to  the  t'oTrv  of  gmvity  ;  namely,  snrfaw  attmelion  of  itolidn  for  \\({ai^ 
and  oipillani'  attraction.  The  water  which  is  simply  adtterrnl  I"  ''* 
jinrfini'!-  of  llie  woil  gmin.-.  in  known  a--<  hygroMeojiie  witter,  whil--  'J'^' 
whieli  iM  held  in  llie  <7i|>illiiry  »jui>i%  i^  ralhxl  eiipillarj-  watiT  ;  iilnl  •' ' 
the  latter  which,  in  any  hut  the  course§>t  soils,  c<utMtittit(9  by  far  ll" 
larpT  jiurt  of  the  ivliiimtl  nioUinre. 

Not  all  of  the  inter*tiwK  of  a  miiI  form  capUIan'  !i|in4'e!S  ImiI  ool* 
th(M»e  "f   which  the  boundarT.'  wallfi  are  sejianlvd  niily  hy  inirnib 
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wliii-h  came  within  the  limits  of  capillary  magnitude.  Thus,  a  oounte 
soil  inav  <Hitiluiii  cumiHinitivcIy  I't'W  Mich  !ii]KU'i'!i,  while  nm-  d  a  fine 
texture  may  have  iti^  puiticli^  fiu  clusi'ly  appru\iniatc<l  thai  all  of  its 
intdvtitinl  »[)»(!«*  arc-  (n|iillnry.  It  follciw»,  tlipi<di>re,  that  compact 
soiU  posscfW  greater  n-tnii)i»f;  jtowcr  than  thuse  with  larp-  itiut- 
jilicti'*  which  |M-rinit  nipiJ  pfiviihiiinn,  and  that  "hen  the  te.xtui-e  is  ho 
tiiip  tliat  all  the  MtuecH  uri-  vupilhiry,  the  iiiiuiiimni  n-tiiiiiiiit;  jHiwcr  iii 
nnain<Hl. 

The  iufliiencp  of  doil  tttstun.-  mi  tv^wcity  for  Imlrlinfr  water  may  be 
M«n  ill  the  fatlawing  tabic  of  some  ut'  the  ni^iilts  obtiiiiKti  by  Ilof- 
maitn : ' 


mADipm'  or  flnln 
iu  uiin. 

rop^**luiiie  nor 
I.WU  «■. 

Amount  of  iv>ii- 
lainiJil  iral«r  to  ft. 

s 
s 
s 
1 

\tm  Uiaa  0.6 

434 

418 
410 
400 
413 
413 

£5 

77 

98 

160 

870 
347 

S79 
34! 
814 

2ao 

143 

66 

13.4 

S8.» 

66.4 
34.0 

TTic  water-retaining  (Mjmcity  of  mn\»  i«  determined  very  largely  also 
hy  the  ainoiintft  of  oi^nir  matter  present ;  a  wiil  rich  in  orgaiiic  matter 
will,  otiii-r  ccinditionH  Itciii)^  the  liiiinc,  hIiow  more  wati-r  tlirtii  iiiiotlier 
of  less  richncsti.  The  extreme  Jtiflufnce  in  obsiTVc-d  in  the  ea*e  of 
hiiniiDi,  which  can  hold  ti-n  liiru-H  it.->  wei>;ht  of  wutcr.  In  view  of  tliiit 
inflnencp  of  organic  inatt*r,  it  is  very  clear  that  one  way  to  help  keep 
a  >oil  dry  i»  to  avoid  di.->('har)rinf!  filth  into  il,  and  tliiH  kirji  it  elmn. 

For  the  piir|KiHe  of  illuslmtiii};  the  influenee  of  very  fine  soil  par- 
ticle" i<^lay)  and  nf  oi^nic  matter  (huinun),  the  fiillowing  results  of  an 
invest ijtation  hy  VVollV*  may  lie  niiotcd.  He  packeii  soils  of  varying 
clay  and  hiimits  eontf'nt  into  a  metallic  vessel  with  a  [KTmeable  liottfua, 
Mittirak-d  tlii-ni  (.'oniplelelv  with  water,  then  ^ijfH.'rimjioKed  a  cohirnii  of 
water  of  wjiiid  cross--ection  and  8  em.  high,  and  ohserved  tlie  time 
r(.HjnirLil  fur  the  tuhled  walvr  to  Ik-  delivere<l  Ix'low  : 


1                     Nuurg  df  anil. 

Piiwnlai!*  of  elar- 

IVrvnUffv 

of 

bamuL 

tlmii  nqofnd: 

VttouA 

Soun. 

BUl«L 

Vvrv  Knv  tuiiirl<r  luniu     .... 

13.74 

1. 

0.33 

S0.3 

1. 

Verr  Bne  <duHv  loam        .    ,   . 

15.M 

1-  + 

1.40 

2Sl8 

].!!7 

Blaok,  rich.  ('li]ill(v  \niim 

IJLIT 

1.13 

SJn 

31.0 

iM 

Verv  line  nanrlv  1i«iii 

SSlBS 

1.64 

OM 

T6t8 

3.73 

Vt-rr  c-lujcj-  tiii\                .    . 

41M 

a.TO 

063 

133,0 

OJiS 

Soil  iriili  imiMiUcrabW  cIbt  .  . 

s^;« 

1.8B 

2.1» 

IB&jO 

«.S3 

It  will  be  observed  that  the  soil  which  permitted  the  pa-i-age  of  the 
water  in  the  ^horti-Mt  time  wa>  in)ort-.t  in  eliiy  mid  almost  mi  in  hnmti.i, 

'  Aiphiv  flir  lIvKiimp,  I.,   [>.  27:1. 

'  AQlvtitini;  irip  fln-rrii«i.'lii'n  L'lilvrwuchiiiiu  Kiiiilwii1lu*iiuflllcli  •  icliti(Wr Sluflii,  187''^, 
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aiul  tiifit  tbc  oae  whicti  reqiiirt^l  tlie  Ennpi-^l  timv  contliinwl  a  mnfiil- 
eralilu  atnitiiiit  nf  olity,  itoi  ihc  liijrlicnt,  wilh  n  high  iK-m-ntage  <>(  hiiiBos 
u]»o  nut  tile  hi|;li(.-i't.  The  hi|;li(.i'l  im.ti>or(i^!v  of  cbiv  wu#  iiKu>ciibl 
with  the  lowest  nnxuuit  of  liiidiii.i,  una  the  highest  of  humtu  with  a  l™ 
<iiiili.-nt  (if  clitv  1  hill  \\\vfA.-  two  I'liiU  (Nik*.  •>  iiimI  .t)  svvev  imlli  W 
itii[)C'rn)o:ibk>  than  that  (Xn.  fi)  which  ciititaiiinl  lc-«  t-lay  tliun  tbdnii' 
niul  Uin.->  htiiiiiin  thnti  (htr  ottiiT.  Il  ■»  W  1m'  noted,  howt-vtr,  in  thi-iiw 
of  the  t^jil  uith  the  hi^licst  ]ira]>urti<>ii  of  Hay  un<l  lowcfl  of  LniuilN 
that  it  cDiituiiii-d  1*2.8  [x-r  <Ttit.  of  i-hiilk  as  ajjaiitst  'i.2X  |ier«4)t.in 
tJio  moi^t  imperiueable,  ami  that  ihi^  Mili^iaiKH-,  tif  \m*  Itct^i  Ditailiuiiali 
has  a  very  gn-at  iull licit i,i^  in  dimiuiithiug  the  decree  of  plostiriiyuf 
cUyx. 

Soil  Temperature. 

The  BOiirees  of  heat  in  the  soil  are  three  in  number ;  rtnnicly.  tht 
sun's  niys,  clK^miail  diangv^,  wiul  the  oriniiml  htwt  of  iho  «anh^  imc 
rior.  The  principal  source  is  the  sun.  I'he  heut  tlerivod  from  dicmiMl 
ohan^.4  in  not  groat,  and,  iiidcoH,  is  not  even  woPtJiy  of  oonsidemiwu. 
ex*-!')!!  ill  wjil"*  ven'  rieli  id  orftaiiie  iiintter  :  ami  htix-  tin-  ftmi^ 
oceiir  only  in  ihe  pre.-enre  of  e(im]>arativfly  high  tenipcratuir  ilUf 
U>  ilv  ui;ti(>ii  of  the  sun.  The  third  source  i"  c<_iii*luut  mid  of  I'lw'' 
impoituDce. 

The  soil  ti^mpcmttiro  itt  infliieiiced  by  n  ntiniber  of  conJitionis 
iucluding  exiKtsure,  atmospherif  teinpcniture,  o<dt)r,  comi«K'tiic»s  o""- 
position,  and  imii^iiii-i-.  Ntilnnilly,  thi-  (•uriaccs  expciMd  to  the  gmiw*i 
amount  of  !-tinshiiic  get  more  lieat  than  other*.  The  u«>i\-r  tin.'  iiigW 
of  inddenec  nf  the  min's  niytt  upproacJieH  a  right  angle,  thiil  Is  Oit 
more  pcrpondiculnrly  the  raya  i^.rikc,  tlic  gpwilcr  the  nniouiil  of  I"** 
PKwivfL 

Tin?  nipidity  with  which  soil-"  iirc  afl'ccK^I  in  <rilher  direrlimi  !'>' 
changes  in  atinosphiric  tempenitiire  vuriei'  widely,  bnl  with  any  •'<t\  t 
i»  only  in  the  verj*  uppemioHt  laycre,  the  very  surface  in  fact,  tliot  ■"• 
imnicdiiite  ciirre--'[Kniding  ri«.'  or  fall  i*  ohs<T\-cd.  (^rnit  smUlcti  rlianj;** 
affect  tlio  >-oil  below  tlie  surface  very  slowly,  iind  in  llie  decju-r  by*'^ 
the  iiiiixiniiini  und  iniiiiiiinm  IciiijN'nitiirfj*  oci-ur  iiiwh  UliT  titan  in  ^^ 
alniii^pheiv  nU>vc.  The  aiiniiul  vamtion  dimiiiishL?^  as  llie  dietaa''* 
from  the  Hurtaw  incn.>MS«* ;  nt  linoen  feel  tlie  atnplittide  is,  as  n  nh 
lc(«  thiiii  10  degnt-K  v.,  ami  bctwwin  fifty  nud  wghty  fwi  the  tempa*- 
tlire  is  <«nstiint  the  yrar  ronnd. 

Tlw  color  of  a  wiil  exerin  nil  ini[Mirtniit  influenw  in  the  di^crniiiwl"* 
of  its  tcni|icnBliiiv.  .K"  is  well  known,  a  black  surface  cx]h««1  "• 
ihe  sun  absorlw  Ihe  heat  rays  more  than  n  white  one  A  coiuni«l 
illuKlnitbn  of  this  fact  i*  the  gwiiter  rsipidlty  with  which  i*now  loelB 
vhen  its  siirtinv  i.*  dotud  over  with  <!irl  ami  soot  than  when  it  ■* 
duui  and  white,  nwiiig  to  the  ab-ti^riition  of  iK-nt  l)y  iIh-  <brk  jart!''''^ 
lUid  it"-  i-oiumuuinilioii  by  condiiclion  to  the  snow  beneath  and  ol")"'- 
oot  and  ciiidePs  work  their  way  downward  into  (!• 
ther    illurtration    l<    the' gruitcr    fediiig  •' 
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wuiTiith  coufpiTcd  by  blark  elotbi^^  thiiu  by  white  iu  the  bright  (fiin- 
shin«. 

So,  "iIkt  (■ciiiditioii*  b<.'ing  tin-  sjiiiic,  &  clnrk  SHiil  in  warmer  thiin  u 
light  oae,  which  reflects  the  heat  rays  inetejid  of  absorbing  them, 
Obsorvmioii  hiw  shown  n  ditrcrinci-  t)f  mnr('  than  !2J)  (h'grcfc*  ^.  in  the 
tpin[>eratiire  of  blark  ami  wliilc  miiiiIs  c\|ms«l  H<ie  by  t^ide  tn  the 
tlirift  r:iys  nf  iln-  !.iin,  but  ilie  whili-  saml  hy  reason  of  reflating  the 
beat  niys  will  ii|>|K'nr  tu  br  imicli  liottor  than  it  nailly  U. 

The  influence  of  compactne^  on  soil  temperature  \'arieft  with  tliis 
WWOU.  Actuinling  In  King,'  tlic  goniinil  tvntk'noy  of  rolling  tlic  hind 
ia  to  make  it  MTimicr  dnring  bright,  liiuiny  weiitlicr,  but  in  cliiiidy  or 
<iild  WMitliiT  il  rinds  Lit  |iminoit>  fDiiling.  Ht?  lia-  (tbsiTvt-il  Ihat,  ut 
tlie  depth  of  l.o  inches  below  the  surfaw,  a  rolled  field  nuiy  have  a 
t«ni]>cruture  10  d<q;Te<M  1^'-  higher  tlian  a  similar  soil  not  rolled,  »n4l  at 
double  the  di*lnnce  he  has  noted  a  iliiTorcnec  of  6.-^  degn**.  Thii^  \» 
d\u-  I'hictly  to  till-  fact  that  a  compact  soil  is  a  l>ett«r  condnctor  of  heat 
thuu  one  containing  largv  int^-iMtiw*  filli'd  with  iiir. 

The  character  of  the  mineral  and  orgsmic  constituents  of  the  §oiI  and 
the  amount  of  it«  vontvnt  of  wiitvr  vxurt  tJie  ven'  greatest,  influence 
upon  its  temperature.  Rocks,  snnds,  and  mineral  >*ubwtjiuecs  in  gen- 
i^ral  nn-  lM-tt<.-r  hint  rrnidrii-tor!!  than  water,  oi^nio  mutter,  and  air,  iind 
they  differ  aUo  one  from  anolher  in  conductivity.  Organic  matter  i>* 
■A  |iiirlicuhirly  |wwir  condmrtitr  of  heat,  and  heiioe  the  greater  the  amoimt 
of  humtu<  a  kuiI  (MntiiinM,  the  itlowvr  il»  rvHpoti.-H:  to  the  action  of 
thi-  Sim. 

The  great  iriHuenoe  of  moifilurc  on  «iil  ffm]>eniture  is  due  to  the 
high  ijMi'itic  liout  of  ivat(-r,  and  to  the  loss  >if  h(«t  which  aeiiini|Minies 
the  |>roct*s  of  cvM|(iirution.  nio  spt^i-ific  hnit  of  onliimry  dr\-  *oils 
varies  from  a  filVh  to  a  fourth  of  that  of  water,  altliough  in  e:icceptional 
rtiws  il  nnty  aiiKuint  to  nearly  ii  half;  and  itii-  wclt^-r  tin*  >oil  is,  the 
higher  will  be  the  s[>ccifrc  licit  of  the  mas.;,  thai  is.  the  greater  the 
niiitilH-r  "f  heal  nnilti  neiv.-,-ary  to  warm  a  given  weight  I  di-gn*. 
Thus  it  bup|>cu.s  lluit  a  iight-i'olorccl  dry  soil  may,  in  spite  of  the  great 
influence  of  color,  attain  a  much  greater  degree  of  warmth  than  a  dark 
one  which  is  ilamp.  The  difPcrciit  soil  (Tonstilncnt,-*  have  diffL-rcnt 
specilic  heats,  ranging  from  al>out  ".1(1  for  certain  sands  and  clays,  to 
altont  0.44  for  dry  hitniii'*,  tiiiit  nf  water  N-iiig  iiniiy.  Thns.  In  nilso 
the  lempor.iture  of  lUO  pounds  of  wMer  1  degree  will  require  JMO 
unitB  of  htail,  while  to  |K-rfi>rm  ihe  siiinc  ofiiee  fiir  wpial  weights  nf  dry 
sand,  weathered  porphyry,  weat.hereil  granite,  and  hnmus.  will  re<)uiiv 
n-siMwtively  l(i,  -JO,  ;!0,  anil  44  niiits.  Theivfnre,  ilie  sitnic  atnonnt  of 
hwt  neccssjirj'  to  raise  a  given  weight  of  water  I  degrve  will  raise  tlie 
equivalent  weight*  of  ihe-se  sub»taaci»  resjiectively  ti.07,  5.()0,  a.:J:J, 
and  2.27  degrees. 

But  although  the  high  s|>ecific  heat  of  water  h  of  im])ortance  in 
del^rinining  f*>i\  lcin|K'i-at aria's,  the  chief  iiifliU'iu'e  of  raoipittm-  in  ihiit 
direction  is  due  to  the  great  \ofs  of  heat  which  nt'<x>nipanics  the  process 
'  The  Soil,  Xtw  Yofk,  ISH*  j 
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of  evaporation,  for  the  cbai^  fruni  th«  liqiikl  to  the  gmwous  fitrm  I* 
ai.tMintpltshi'd  >>nlv  at  ike  vx|m,*iim>  tif  bmt.  The  grvatrr  the  atunuQt  nf 
vater  pva[»trateil  from  a  fjivMi  •<«!,  thrrHorv,  iIk-  prmtvr  iIm-  (-niiiHii- 
lun-  ut  Iimt  aut!  tl>e  gn^tw  llw  lnweril^  of  lln'  i^^il  leiiijieriliirr, 
t_'>tnvci><'lv,  thf  ilritT  tl>r  wiil,  |)m-  \c»  iIic  rvajx-nitioii,  anil  thi-jrmilK 
lie  wumitli.  Water  doe-  uot,  h"W«'er,  alwBVs  tend  to  pruluor  I'urr- 
iug  iiT  the  tt-nipi-niliin.',  dir,  iit  point  uf  (bet,  it  iwiy  aiid  oA<ii  Aiw 
have  the  op)Kidte  cffcd.  In  tito  i^)irii)(;,  for  inf^tunt^,  when  ttir'  fi<»l 
U  u>A  \ft  (Htt  «r  iIk>  ^hiimI  ait<]  vilwa  rln-  iiiicrstieiTS  an-  titlnl  ail)i 
Olid  water  derived  I'dku  the  iiM-Itinf*  Uv  iiml  snuw.  the  wiirnii-r  nir 
lia.-1eii^  the  removal  cf  inct,  aiwl,  as  it  sink.-  into  tlw  soil,  ciirpliiiw 
downward  tbr  colder  wiitcr  uud  ffHiiiietjiieiitlr  ruiw^  Utc  t(t»)<rnitiirv. 

Cbanges  in  the  Character  of  Soils  Z>ne  to  Chemical  ud 
Biological  Agencies. 

C%einkal  urtton  w  eon^^ntl}'  at  work  in  tlte  nhI,  not  alono  on  ttkr 
orpini*^  avn^tiiuentii,  but  ujMin  ilii>  luiueml  nialtoi^  as  well.  Tlie 
Hinngr"  wliieli  ociiir  in  the  lallernre  ol'  im|>iirtaiiix-  (o  the  liTKirniM 
alniort  H>lely  in  •'o  far  as  Onry  atl(vt  the  ((imlity  of  the  drinkii^-iniUT' 
(.'iiui|iUmti'<J  |>nieew<9  inviilviiig  the  d)i->>iu[H>^iti<)ii  of  or^^itiic  maMifl 
give  rii^e  to  <]iuintitiee  of  cariion  dioxide  ttliidi,  t>eii^  taken  inU>  mAv 
tion  by  the  wster  in  the  iiiit-rrticwi,  assi^iU^  in  the  prodtielioii  of  »lill 
nion'  <iiinplitnted  |tnKX^K4.>it  whteh  «ipij:r  the  minend  i^^>niittllieut/h 

The  ekitigei^  u-hieh,  Ironi  a  piiblie  health  point  of  view,  aiv  of  tbt 
gnutent  iuien^t  are  thoM-  whirli  ntr  in  prt^frn^i  in  iIk*  prncetK*  knowt 
u  the  "  M-lf-|MinfK<»tion  "  of  Mitlc,  in  whieh  the  comf^ex  ur^uic  dih'* 
tern  arc  hmken  up  and  redueed  to  simple  rliemieal  <iuhntanee»  ilir<'U(^ 
tile  intervention  <<(  Imeterbl  life.  In  the  end,  the  earlM«i  i-  oxidiwJ 
to  (.XX,  at»d  the  nilro^-n  eitlier  is  set  free,  or  is  eonihined  with  hi'dn)* 
gen  in  tlte  form  of  ammonia,  or  y  oxitliiM-d  to  nitrie  ]iei<I  ;ind  niinK^ 

'IIk*  pn>e»'!V  requires  the  preswtiee  of  atmospheric  air  and  of  niuirt* 
ure  not  in  esoe««,  and  is  favored  by  ten))M-ralnre!«  Iwtwren  M"  ami  IHI" 
F.,  tlte  niont  fnvonihle  l^'in^;  !)8°.  It  pmnxtb'  nuwt  vipttviiiKly  wl 
piTl'eeliy  nesirejit  the  Mirtaec,  ai>d  virtually  n<a»^es  at  a  di]>th  uf  nn*!" 
ticin  diree  (wt,  little  or  no  nelioii  iN-eiirriii^  in  tin-  Mll»t«iil  Iteyoini  llw' 
depth.  If  too  mueh  orpiuiir  tilth  ami  it»  ntlendiiiit  inoistnrc  utv  |in^ 
ent,  the  soil  Iweomett  lioggj"  and  tlie  etuiUKes  eannot  proored. 

An  influence  of  very  ^nt  iin|H>r1iin<v  in  itK  eAVvtii  on  the  jihe^iw 
and  eltitnirtil  l■Iwnn1eri^li(l»  of  "oiln  ii^  tlmt  esertixl  by  eiirtli  wnni. 
whieh  live  ehi^fly  on  hnlf-dii'nyiil  leave.-,  ^thieli  they  <ir.ig  i«l"  (IW 
burrowi*  to  be  iiswl  »^  fiMxl  and  «,■«  lininp<  at^l  phigf-  fur  the  bunwrsi* 
well.  Aeeonling  to  Clwirles  Piirwin,'  their  ea-^tings  ointnin  0.01"  [Iff 
opnt.  nf  ammonia,  and  the  hiinitis  neid^,  whieh  have  Ik^'U  pitnifd  U 
play  ft  very  im[K>rl»nt  jmrl  in  the  di.-inte^jnition  of  x-nnmi-  kimU  '" 
roeko,  Np|i«iir  to  lie  pfneniteii  within  ihi-ir  htKlini.  Tliey  swiil!"' 
rarth  both  in  the  proca«  of  excavatitif;  their  liiirruw>i  aiid  for  lb( 
« !•(  Wxf^aliir  MimM  tlimusb  ihr  Actiua  of  Wonoh 
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nutriinont  which  it  nmy  orin^»u7:)ii<t  ciora  an  iDiimriant  ii>echuiii<»l 
iiftiot)  "ti  till?  jfo\\  Kniiiis,  lyiiiii'ing  llicir  «i/\  by  iillriliini  withiti  their 
giz7^rtU.  After  filling  tli««t*lve6  with  earth,  they  sooucome  lo  the 
surfucr  fwr  tin-  inirjin.ic  nf  chiiilyiD^  lliciii.-MjIvi'i*. 

"In  many  iiartw  of  England  :i  weight  of  more  than  10  lonjf  of"  <lry 
«irth  luitniiilly  imismw  ihrmii;!!  the  Imdie.i  of  WDrnin,  and  is  brought  to 
the  Mii-taee  'Ui  eaeh  aere  of  land,  s<i  that  the  whule  ><iii)ertlfriil  lied  of 
vcjiciabk'  mould  jiar^Mun  tJirimgh  their  b">die.-'  in  ihe  etturse  i)f  eviry  few 
years."  From  various  diita,  Darwin  uik-iilat(.-d  that  the  awtiiig?, 
i>[>rcad  out  imiformly,  would  form,  in  the  course  of  ten  years,  a  layer 
varying  from  0.83,  in  the  ai»i-  of  a  veiy  [hhif  whI,  tii  2.2  indie--,  in 
ordinarily  rieh  §oilH.  Their  meehaiiinil  action  and  that  of  ant«,  mule«, 
and  other  burrowing  uninwU  ha\'i;  much  u>  do  with  keepiug  BiiiU  open 
aud  friable. 

Soil-air. 

The  air  in  the  iuI<T»tJec«  of  tbo  «jil  differi  from  ihal  of  the  ntmox- 

ne  maiidy  in  its  richness  in  carbon  dioxide,  which  arises  from  the 
inpiiniiiim  of  iirgimic  matters.  It  Is  also  jioon-r  in  oxygon,  hut  by 
no  means  always  in  a  eum-<s|Kindin;;  dc^-e,  and  it  is  u»iiully  quite 
humid  by  mLton  of  the  jiri'suiiee  of  soil  moisture. 

The  amount  of  carlxm  dioxide  varien  very  widely  in  diffcn-nt  wiil* 
and  at  different  depths  of  the  Nime  soil,  and  it  fluctuates  very  consider- 
ably nl^o  under  dilfi'rin^  eondilumH  ;it  aiiv  given  piiiut  in  the  same  ihuI. 
Other  conditions  being  the  wime,  the  amount  is  most  marki«i  in  soils 
rirli  in  wrganie  mutter  nnderpiing  ileeomiKjfition-clumgi-s,  In  soils 
poor  in  this  respect,  the  amount  may  lie  no  greater  than  in  the  atmos- 
phere. PettenkoftT,  for  instance,  found  rn  the  air  of  desert  sand, 
which  was  devoid  of  oi^nic  matter,  the  same  amount  as  was  present 
in  the  air  imniedi:ili'ly  almve  it. 

In  ordinary  soiU,  the  amount  increases  with  the  distance  from  the 
Eurfaoe,  as  has  been  shown  by  Ffxlor,'  who  made  a  givat  nnmbw  of 
analysi--*  of  air  at  rlifferciit  depths  at  a  number  of  places,  the  observa- 
tion- extending  over  several  years.  The  averagi-  amounts  found  at 
de]>ths  of  1,  2,  3,  and  4  nietvrs,  expressed  in  parts  [jcr  1,000,  were 
as  follows : 


Dvpth  Lb  fudliprn. 

' 

a 

» 

« 

Siuion  1     .                               .                   .    . 
StaUon  3                                                   ... 
Btalion  S           

-L8 
13.7 

U.S 

20.1 

28.7 

The  inflnenee  nf  stiu*on  al.«o  was  sliown  by  him  Ui  be  vorj"  winsidtTablv, 
llw  highest  amnuntf  occurring  during  the  hot  months,  and  the  lowest 
in  winter.  The  averages  hv  months  are  jiresented  in  the  following 
table : 

'  Bodpn  imil  WB*er,  Bniun«eliw«l]t,  1882. 
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Jftimnrr  . 
t'cbniaiy  . 
March  .  . 
April  .  . 
Miy.  . 
June .  .  . 
July  .   . 

AujCIIHl  ■      ■ 

Scpicmbcr 
OnioWr  . 
^uv»iiib«r 
December 


MaattL 


Mpth  Is  UIVtWIL 


Fia.  17. 


Tlieafi  results  are  only  such  as  might  be  expected  wlieii  we  con&ider 
thiit  ikt-uTiiiHisitioii  of  or^iiiio  nuiilirH  proci.'vd^  niovt  vigurou<>ly  williin 
(M^rtaiii  limits  oi'  hi^li  tvtniR'mtiirf.'. 

yiin'tiiiilioiis  in  the  amomit  pnwiil  at  any  givwi  piint  nre  <iiu-  tn  a 
number  of  vjn(litiuni>  wliicli  indiido  ininfiill,  tlif  action  of  the  wind, 
the  rint!  and  fall  of  the  siibHoil-n-ater,  aiid  diflerency!!>  in  acuioi/'pherio 
prea^un.-  and  tcmpcmturc. 

Rainfall,  liy  tilling  the  .siiperBcial  interstices  of  the  soil  with  water, 
interferes  with  the  iintnnii  jiniiiT'H  of  koII  voiitiliilioii  .■inii  iiiii^^'X  an 
immediate  accumuhition  ol'  carbon  dioxide,  whieli, 
bowiA'er,  h  ttliorlly  followc-d  by  a  diminution  due 
to  absorption  of  the  gas  by  the  water,  which 
tliii.'<  iKHjiiin.'H  111  iiicn'jjHi-  ill  its  [Hiwcr  of  attiicking 
and  di^iKolviug  tbc  miiici-jl  couwtitiiL'titti  of  the  soil, 
IniLiniiKili  a.i  lh<'  bulk  of  ilie  abt<orl)e<l  miufiill  is 
held  by  tlic  upjKT  i^truta  of  the  soil,  it*  influence  is 
more  marked  llicre  than  at  gn^ater  depths.  As  it 
sinks  downwanl,  Imwcvcr,  in  very  wi-l  we;ithor,  it 
drives  tlie  air  before  it,  and  khiscs  its  escujic  at 
points  where  it.-s  <:^r(ws  U  not  obstruett^l. 

The  action  of  wind  is  excrtod  in  two  way*:  bf 
pi'rfliirioii  jiiid  by  a.i|»iration.  By  blowing  strongly 
acrosj-  the  siirfjicf  of  the  j«>il,  it  iispiniks  tiif  air  in 
till-  MpjMT  layers  and  causes  an  uptrard  movement 
in  the  air  IhIow,  or  il  may  .■•iick  it  out  at  oue  mo- 
ment and  take  its  place  tbc  next.  vVgalii,  it  may 
blow  with  ■"iicli  foRX' agiiinsi  the  nurGiee  as  to  drive 
the  eontiiined  air  dowiiuiird  before  it,  S"  lb;it  the 
iiiter*ti(?t«  Itt-eonii'  tilled  wiili  onlinaiy  atmospheric 
air.  The  action  is  more  markeil  in  soils  of  ordi- 
nary wsirseness  of  textnre  than  to  very  open  soiU 
with  iarfp-  iiiterMtieiw,  «'liich  pentiit  fn-er  movement 
in  the  upper  strata.  This  may  readily  be  deinon*lrjtc*l  by  nirans  of  n 
sinipk-i-x|K!riineiit  with  (iieapiKiraln"  shown  in  Fig.  17.  Heivwehave 
a  glass  cylinder,  inside  which  is  a  t^liuss  tube  extending  from  the  holtom 
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and  Ijcnt  over  at  the  top  -■«>  as  to  fnrni  o.  U,  into  wliich  an  nniount  of 
\i-ater  stifScient  to  form  ii  ^cul  inuy  b<?  introduced.  If  now  wt>  fill  t!:v 
int^'i-vcniiig  siuioir  up  to  tlu'  top  with  sand,  and  tlieii  direct  against  the 
surface  of  tbc  liitltT  w  cnrn-iit  of  iiir  liy  iiii.'un»  of  ii  ln-llnw!'  ur  by  l>low- 
inil  sharply  through  a  tntw  of  glash  or  other  iimteriaJ,  the  whole  volume 
of  air  iu  tile  inti'T'sliifs  is  si'L  in  iimtioTi,  whli-h  is  voiiiiiiiinicatcd  to  the 
air  within  tlie  enclosetl  tube,  ko  that  thcr  water  in  the  U'!>ha|>c<l  deprL^»- 
siou  is  MLtisuil  U>  iwcillnit-.  If  the  waKr  <'iim|ili>t<'I_v  lilU  tho  short  leg 
of  tlie  U,  it  may  Ix'  lorotsl  over  and  «iu.*wl  to  drip.  If,  however, 
iiislt-iid  of  t-mploving  sind,  we  fill  the  lyltnder  with  coarw**  gravel, 
the  r«ffilliUion  of  the  water  will  Ix'  either  le.ss  iiolitvabk-  or  oiitiix-ly 
abt-t'nt,  the  air  which  enters  at  oue  point  oii  the  surfac*  comniutii- 
eiiling  tl.<  niolinri  only  to  that   irn mediately  adjacent  in  the  iipjH'r  part. 

The  rifTi'  and  fall  of  the  water  in  the  siihuoil  assist  in  the  priKliictiim 
of  varintioiiH  in  ihe  iinioinil  of  earlioii  dioxide  ;  on  the  one  hand,  by 
itfi  rise,  forcing  the  rich  lioil  air  upward  and  oiitwiinl,  anil,  on  ihv 
other  hand,  by  it^  fall,  drawing  the  soil-air  downwai-d  and  caiKniiig 
its  pluw  in  the  upi>er  ctnitii  to  lie  filled  with  iitiiiospheric  air  with 
low  eontt-nt  of  the  gan. 

OitViTi-iKHw  in  (eiii|»eniliii'v  ami  liiiroiNi'lric  [iri-TWiiri-  hiivo  alw  Uvn 
mentioned  as  exerting  influence  on  the  motion  of  the  ground  air.  In 
spring  am]  suinnicr,  the  ground  air  is  (^olde^  and  deniter;  and  \a 
uutunin  aiui  winter,  it  is  warmer  and  lijjhter  lliiin  the  air  above.  HeiuK.' 
in  the  fimiier,  it  U-nd.-  to  remain  sljitionary  or  to  sink ;  while  in  the 
latter,  it  rit^e*  and  niingk-s  with  the  atnioMphere,  which,  utidor  projier 
i-onditions,  replam\-<  it.  Again,  lhc--«;  changt-s  raay  m^'-cur  in  both 
dirvctions  witliiu  the  same  ;<pace  in  twonty-four  liouiv.  For  iii«tani¥, 
at  evening  and  at  night  the  atmuspherie  air,  l»cing  wilder,  enters  the 
soil ;  whik-  bv  ilay,  iK'ing  wanner,  it-s  dlRvtion  i?  rcvei'sed,  and  iiir  i« 
drawn  up  from  lielow. 

Movement  due  to  leinjieraturt.'  diflerenoe^  is  almost  mnstant,  sinvc  it 
\%  only  rarely  that  the  tcmjK>ruturo«  of  tlie  air  nnd  soil  are  in  agree- 
ment. The  influence  of  baroiiu-tric  pressiire-i-haiigiw  is  not  very  gii-iit ; 
with  fall  in  prewMiv,  the  tendency  is  toward  upward  niovcnient,  and 
with  ri«e,  toward  downward  niovcineni ;  but  Fodor  found  I'rom  the 
study  of  a  large  number  nf  ohdcTvatioim  that  the  actual  observable 
cluin^w  were  insignificant. 

With  the  various  intlnenReri  at  work  cjiiising  niovem«-nt  of  the  soil- 
air  in  nil  diret^tion*.  it  is  plain  tliat  the  boII,  especially  if  highly 
permeable,  is  endowed  with  a  sort  of  respiratory  function  which  ket-pa 
it  more  or  le-si*  well  ventilatt^^l. 

Formerly,  it  was  believed  by  Peftenkofer  and  others  of  the  "  Munich 
School  "  that  the  amount  of  enrbon  dioxide  iu  soil-iiir  might  serve  as 
an  itidc:^  of  the  niiiount  of  impurity  and  of  the  rate  at  which  the  latter 
is  decomposing,  and  that  eoni{Kirisiiu  of  the  amoiinU  obtainable  fri>in 
different  .M>ils  would  serve  to  indiejite  their  n-lati^'e  vluinlinens.  But 
sueh  is  not  the  case  with  soils  ec[Ua]ly  permeable,  owing  to  the  influence 
exerted  on  .toil  venlilatiou  by  so  nmny  varying  and  t^nflieting  <»uses. 
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Tndi'ctI,  it  hint  Uvn  ]irovo<I  l>y  Foclnr  thnt  a  pcriumble  Mil  exteiMivcIt 
con  tarn  inatoci  by  ot^anic  tilth  may  yicUl  Icsk  of  tbim  index  of  im|Miritv 
tluui  onu  fur  darner,  but  Ici«4  fliiiM%|ttibl«  t<>  veittiUtiiig  inflnvuoy, 

Soil-water. 

Tbe  RioLitiin*  contiiincd  in  tho  noiI  mar  be  designated  in  tliia  dif- 
fcn-iit  wtt;>,  atvonliiiK  to  itj^  {HMttimi  (incl  the  fonx-^  by  which  il  i( 
bild  in  place;  namely.  hv|fr<iHco|iie,  (niiillary,  ami  gravitation. 

Hygri)ww|ii<' wak-r  i«  lliiil  wbirb  ihIIiitcw  tti  ilii- Mirtntt-i  of  ihrwiil 
petrtidt^i  iu  ihe  i>i-<?iH:n<M.>  of  air.  A  wrtaiii  amount  of  nioistuir  h  »ii> 
ilcnnitl  iipiin  till-  :<iirfuiT  of  niuit  ><>lid  MnKitnnoo!*  ex]XM«d  tn  nrJiniir^ 
ikimpiK'K-^,  iinil  it  :i(Ih<-rcji  with  grvat  lonucity.  TIte  uinoiinl  i>f  "otpr 
»i>  (>litainc<l  iliflrrfl,  "tlurr  I'niidition.-  liein^  tbe  ranie,  acixinlirijt  Wtluf 
nntiin-  of  the  *oil,  sumr  soil  cun»titucnt»  Mirpii»i>ing  "tlwrx  in  lb"'"' 
piiwer  til  attract  it,  Tbua,  soils  rich  iu  organic  matter  (bumun]  tnwi 
BTcater  dogrtv  of  bygiiwopicity  tlian  "then*  in  wbirb  Oiii-  DiiwtiliicM 
16  piVH(>nt  ti>  a  leiiHer  extent.  In  soino  tmils,  ibe  amount  of  by};r<M.'opit 
wntor  \!>  vi-ry  niwki-d  by  ix«.-uiii  of  tbi-  larj^  amount  nf  organic  mstur, 
iini)  Ix-wuiw  ttltti*  1)1"  tbf  large  Kurfacearea  presfntitl  by  tlw  will  partitlw- 
Some  idea  of  the  tenarity  with  which  thin  muihturi'  it*  rc-taincd  iiinv  \v 
deiivwl  fixim  (la-  fact  tbut  air-ilriod  coils  which  a])|)i-nr  lo  lie  i|iiite 
dry — the  dust  of  conntry  roads,  for  iiistancir — may  yiehi  ns  miicli  Sf* 
tenth  of  their  wriifht  of  water  on  vimiiilcte  dr)in(r  liy  (iiiliiiary  lalNin- 
tory  iii<'th(Kl».  Iloth  tbe  nwtiiiture  abBorbeil  from  tbe  air  atwl  iIh"  »"»lfr 
held  on  the  M>tl  ^raiiH  by  nnrface  attruction  after  a  condition  "^ 
decided  wcMiewi  bas  been  ehangwl  by  the  draining  away  of  iheiwt, 
may  U-  tcnnitl  bygroscopie, 

Tlic  ui|iilliir)'  nioiitnn:'  is  that  whieb  w  bcbl  wilbin  th««w  spoiw 
which  have  been  .-[«>ken  of  as  capillary  in  their  nature.  I'ndff 
urdiiiury  eonditioiiN,  tlii^e  are  inli'nnin^hd  with  k|ih(X'»  which  mar  n(4 
l)e  ivt  dc»i);iiated  and  which  contain  air,  and  »o  the  captllan'  inoistw 
does  not  onlinarily  crpuit  the  [lori-vohnnc.  The  water  in  the  c«iii!li*y 
►"[KtiT*  may  U-  tbiit  which  i>-  ntainifl  aiivr  tbormiuli  willing  from «l»>vci 
or  it  may  have  cn'pt  npwurd  or  laterallv  from  jminttt  completely  «»- 
rated.  Oipillary  movi-nicnt  iHxriirx  in  all  dinvtions  but  it  i^  niirt 
marked  from  Wlow  upward  to  points  where  water  is  being  willidw" 
by  evaponition  or  by  the  dctnands  of  growing  vigelation. 

'Hie  blight  to  which  water  may  r'lrv  by  virtue  of  ihiK  lon.i'  il«^»ii'l* 
upon  the  diameter  of  the  spai'e!' ;  the  smaller  the  diameter,  the  pnul* 
the  rise.  Jurin*s  law  of  I'lijiilhiry  movement  i.t,  tiial  llw  biijtlit  "" 
Hseent  of  «rt)tr  and  the  nanu-  liipiid  in  a  e;ipillary  tube  is  invefwly* 
Ibe  *!iainet<'r  of  (be  Inlie,  Thilh,  water  will  a.seend  ten  limes  a»  li'P 
ill  a  tnW  having  a  dianu-tir  of  0.1  mm.  a.*  il  will  in  unolber  itilli  ■ 
diameter  of  1.0  mm.  It  followw,  then-fore,  that  capillarj' inovciB*'"* 
'i»  tuiitit  luarkcd  in  coUh  of  tine  texture. 

C^[HllHry  movemeDt  is    infliieiii-e<l  niHlerially  alwi  by  tctniMTatnt* 
ire  of  siil)t)tanc(^  held  in  Milutiun.     It  dimini^itw^i  a#  tto 
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If  inperatiire  riaes,  and  iucreaww  as  the  teniix-raHiro  falls,  sto  that  noolii)^ 
n  9o\\  iiiiHiirmly  will  (■(iiisi-  iiKTi'ii'".il  mjiillmy  nnivomciit,  iiiul  limtiiig 
it  will  aiuse  a  liill.  But  with  uneven  teiujK' natures,  tbe  motion  will  lie 
<lill'cn-nt  lu'i^onliiig  iis  thi-  tciiiiKjnituiTw  vnry.  ThiiK,  if  thi^  lower  ptirt 
of  a  column  of  soil  bo  (•ooIe<i,  the  •iurfacL'  teusidu  of  Its  uontaHR'tl 
water  will  Ik'  incrtsisiHi  at  that  imint,  and  waI«T  will  Im-  iitlnictitl  fnmi 
the  iBirl*  aljove,  prjivity  UBM^ting;  wlit-rcus,  if  it  be  heutctl,  ita  c-oii- 
laiiiol  watjT  will  lie  attraetwl  upward. 

In  sitiinitfd  soilit,  motion  of  the  wnk-r  in  nm-tlircctioii  if  infliit^nix-il 
vcrv  jtTfiitlv  bv  temjxTalHre.  beeauw  of  the  efffct  of  heat  in  changing 
the  vijuiisitv  of  wiitcr.  Thi-  hi^liiT  ihr  tt-iniN'iiitnii-,  the  grt-jil^-r  tin- 
diminution  in  viwosity  and  the  freer  the  muvemeul. 

The  influeu(v  of  di.uolvtil  .-.ulwijinii's  di-pi'ndt*  iijion  their  nnturi!, 
come  favoring,  and  others  retardiug,  moveniout.  The  rate  is  iiicrciiRtI 
by  the  [>rft*cnee  of  nitr:it«-r<,  and  i.i  diminlnhM  by  eonmton  salt  and 
^■'uliiliutc  of  csilciuiii  ;  but  tbc  Kivoring  intliii-riii-  i>f  tlic  j)r*w(iii-  of 
nitrates  i^  wmntoraeUHl  most  markedly  by  iirg.inic  subsiaitces  pniduced 
in  the  dwom position  of  iimtten*  of  vegctjiblr  origin,  for  ii  minuti-  imoe 
of  tliese  complotelv  neutraliws  the  effect  of  sucb  nniuuut^  of  the 
former  a--<  nri.^  eommonly  present    in  i'idliv:ite<l  soil. 

It  is  self-evident  that  anythi[ig  tending  tJ]  the  dimiuution  of 
enpillarity  of  a  soil  diminishes  the  i-iit«  of  eapillai'y  flow.  \\'hfn  the 
soil  is  workecl  in  *ueb  a  way  therefore,  as  to  prtxhic*-  an  ojicn,  eriimbJy 
condition  in  [ilaee  of  ono  of  eompaotness,  the  rate  of  capillary  move- 
ment within  it  1!-  diminished  verj-  greatly. 

We  eome  now  to  tlii-  tliinl  <livisio[i,  which  has  l>een  ilcsignated  tut 
jinivitttt  Ion -water.  This  is  the  water  which  luis  drainc<l  away  through 
the  soil  by  the  force  of  gravity  and  awumHlate<i  in  the  wulwoil  over  an 
im|H-rmr»ble  stnituTTi  which  ha"  arrc-^ti.ilit.s  fiirtber  downwanl  j<)nnicii'. 
This  is  what  is  commonly  known  as  ground-water,  or  subsoil -water. 
Ita  zone  exteriils  from  l.lie  siirtiiiti-  of  the  imjH'rmcnl'le  Inirrier  upward 
1*1  that  point  wlieri'  the  interstices  of  the  soil  cease  to  be  completely 
tilled  with  water,  but  ari'  lilKi]  pmlly  with  air.  This  point  is  known 
11*  the  gnnind-WHter  level.  The  zone  aljtrve  It.  through  which  water  is 
moved  in  the  oipillary  spaees,  is  known  as  that  of  tbe  eapillan^  soil- 
wntf'r,  nnd  extends  a*  fur  a.»  the  water  k  moveit  tbrongli  tliat  fbrec, 
Alwve  this,  at  and  near  the  siirfaci-,  is  the  zone  of  evaporation,  from 
whieh  water  is  eviiprntif*il  inln  the  atmosphere. 

'Pie  im]uTmcable  stratum  beneath  the  subsoil -water  may  be  eitlier 
ver>-  fine  rjuid,  iomi>act  cliiy,  or  iih-U.  It  tuiiy  Im-  thin  or  thick,  aeeord- 
ing  to  eireuMi-tiincc-^.  Rclow  it.  then-  may  be  a  succejtsion  of  alter- 
nating [wrmeable  and  iunH^rmmble  strata,  so  that  in  driving  deep  wells 
a  variety  of  stmtii  are  piereeil,  and  w[itcr«  of  vurvinsr  crrtn])ositiim  mav 
l)e  secured.  FK^'Use  clay  is  practically  ImiH'mu'iible  to  water,  but  at 
the  same  time  it  eiin  oommunieiite  it.s  moisture  to  surtliii'-s  with  whieh 
il  comes  in  Immediate  contact,  a  fad  which  renders  iieocssarj-  the  in- 
terposition of  damp-}>roof  material  in  tbe  foundatiotis  of  houses  built 
U]Hiii  iU 
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Roclu  var^-  givatly  in  impermcaliilttr  ;  thr  dcDMM  of  tb«D  coouii 
ven*  small  amouDU  of  rooitfture  b  their  |M»re6,  «-faile  othen  znm 
fvrt<*tf  lliat  tlivv  itMiT  contaiD  ait  math  a.<t  u  ikirrl  of  tbeir  volome  of 
wattT.  A]r->in,  most  nx-k  di^XHatS  ETl-  mare  or  Ices  fiomrnl  U<I 
MHunrd,  Hii(i  thu-''  |Knui(  to  a  greater  or  Iww  degree  tlie  paatoge  of 
water  at  tl)c»p  (Hiiitt*. 

Tbe  water-beariDK  etratum  in  usually  gravd  or  sand,  but  ms* 
b<-  |»>r<i4i»  itr  fi^-xinil  rm-k.  Itn  (U-)itli  U  i'\<x><>din^ly  varioUt. 
dejundin^:  upon  local  geologiail  nindition^  and  at  tuo  |>i>int>  nm 
wiiUrly  M-|iiiRit(il,  it  may  Iw  n-:>|M'>-!i\i-ly  t^lighi  and  cotinidrnihle. 

TIm-  in^tind-u'ater  i»  in  roa.^'taiii  ntottuu  Utlli  lalcrnlly  aixl  vcnKalk. 
Ii.'i  lalcnil  movvDtenl,  whaiev<-r  ibi  rate,  de|ieiMlt<  ujion  thi.>  M>Dliguniiii>i> 
of  the  iniiwTtmiibic  UiyiT  Wow,  iind  iiirt  Ufaiii  tluil  of  tin-  "Hriiu*  nf 
the  land,  (.ivnerally  f^iitnkin};,  tlte  dinx'liou  of  tbe  ninveinent  it^  lim'ad 
ihf  ntnrvt  iar^'  UmIv  of  water,  Im-  tUi:>  iIh'  m«,  a  \nkv,  or  a  ri«vr; 
but  it  ia  nut  often  possible  to  ddermittc,  except  in  a  general  wiiy,  from 
eurian;  olM-rvaiiomi,  whether  at  any  given  point  the  flow  h  id  iHW 
dirvction  "r  iinottier.  This  i»  i-^in-eiaily  tnie  wIh-h  the  waH-r-hfariiiB 
Hlratiim  is  thin  and  underlaid  by  an  impenueable  t^tmtum  of  verj*  irtvg- 
ubr  confortnalioii. 

Tbe  rate  of  movnoent  ie  also  exceedinf;ly  variable  ;  it  nmy  l»p  ftfl, 
or  slow,  or  hardly  penxfiuble.  In  Munidi,  for  in!>taii<<e,  aronnKif 
to  Pettenkofer,  it  ammint^  to  a)»Mit  Itftcfn  feet  iLiily,  whWf  ol 
Rerliu,  it  is  outv  ver}'  iJi^ht.  and  at  limes  b>  wanlin^.  I>  i* 
infIiieiKi.ll  by  llie  «on%tiralion  of  the  MllKmrfiire,  by  the  pemf- 
ability  of  the  »]hmil.  by  tbe  aatonnt  of  the  accesw-tu  of  nuiwim 
from  rainfall  and  nH-Iitn^  sihw,  by  the  ulMtarlei'  inieqx^td  Inlkf 
roots  of  trceri  and  oIIkt  plants  by  oIIhth  at  its  outfall,  and  by'  Lbf 
u-illulnivral  <»f  moi-iiure  by  the  nn-dn  of  vegetation  and  of  cnmismuliii 
of  men. 

Tbe  rise  and  fiJI  of  tlw  pround-wnter — that  is,  its  vertical  iw*'*- 
mcnt — de]M'nd  ehirfly  u]>on  il»c  amount  of  rainfall  ;  and,  on  llie  dtW 
baiMl,  upon  the  mte  of  witlKlrawnl  by  eN'ttl^iralioii,  vep^tali'in,  tm 
wiil<T  supply  nf  citmmuiiilit'S,  ami  upon  tiic  frxtil^nit  of,  or  lAi^unU"  ic 
the  outflow. 

The  eflV^I  of  rain&ll  b  geneislly  not  ittunediately  ]>erpe)>liM<'.  f* 
so  miieh  time  )nter^'«1ll■>t  Itetween  la^tvy  falU  attd  |ien*-tnition  llut  t 
falliu);  of  tbe  ground-water  level  may  continue  to  be  obuervwJ  for  ' 
loHjj  lime  after  a  (n-riod  of  pnwl  weUKrw  ;  hut  when  tin-  li-vel  ri«S  * 
IH  a  proof  tint  addirSon^  have  i»wn  rrociv«'d  fmni  alxive,  tltoiigh  ["f" 
lia]is  tbe  awepsion  has  travelled  thr»U(:h  a  long  clistance  in  tbe  sou. 
Whiit  the  level  fnlK  it  i"  a  ni^  tltat  tlx-  upfxY  i<initii  liav<-  iMiinni'dif 
thmn;;))  evaporation,  and  that  rapiUar^'  attraeiiou  has  carried  rarai 
Upwanl  to  replace  iIh-  \ir-^ 

Tbe  ri-Hi-  and  full  i.f  ihi-  ground-water  level  may  be  detenniliMl 
mcawBtlUkuaiiULtO  day  the  di«iitn<v  between  ibe  siirfiitu*  of  the 

ina  number  of  wrll"  in  a  given  k 
tnpo'ineutiure  or  chain  to. 
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in  nttjioliol  n  nul  liearing  a  niimbor  of  -thallow  metallic  pupfi  which  are 
loivprctl  into  the  water.  The  dijftunw  between  the  |Miiiit  on  the  chain 
ni  lh('  mouth  of  ihe  wfill  and  the  up(M^nu()&t  clip  in  which  water  is 
found  indieulM  tlu'  positiuii  of  the  wHicr-lcvcl  witli  rt^pect  to  the 
flurfnce. 

B_v  removing  nljHbicW  to  thv  oiitthll  nf  the  inKK-qrround  river  an  it 
sotuetinioH  is  cillcd,  and  by  eresiting  new  nutfallb  by  ditching  more  or 
It^*  di^-ply,  acciinliiig  In  individual  cimdiiions,  bv  .'«inkiiijf  drainage 
wi-lU,  or  by  laying  dniiu  tile  beneiitli  the  surface  at  etich  <tepth»  ux  muy 
app«'ar  t')  be  advi.-^able,  the  level  nf  thi^  ground- water  may  be  con- 
i<idenibly  lowcreil,  and  the  soil  theit-by  n-n<IerLii  coiropomli rifely  drier, 
aii<I  also,  by  reai>nn  of  the  infliicnce  of  wat«r  on  soil  temiH'rature, 
wiiriiier. 

Sources  of  SoU-water. — ^The  princi|ml  sfjurco  of  eoU-water,  it  ia 
tianliv  neii--<Mirv  U>  miv,  i»  the  iiilnfall,  but  by  im  mcau^  ull  of  tliu 
water  ])reeipitate<l  from  the  ainioHphei-e  during  a  jilorm  (icnetrates  to 
th^  .-iiilisoil.  Li-ihl  i-.iiiis  limy  lii-  whi'lly  loMt  by  evapontiiun,  and 
heavier  ones,  cj.|»eci:iny  during  active  vegetation,  may  peiictitite  but 
very  slightly  iMrni^ith  llie  siirtjiw.  In  early  spring  and  in  au- 
tumn, the  amount  which  percohUes  downwrird  l*  miMinilly  luiieh 
larger  in  prn|>orlioii,  A  by  no  nieaiu  innigniticant  amount  ot'  moiHt- 
nn*  i"  tlinf  ilerived  bv  aliMtrjitiou  and  e<jiidciiKalioTi  from  ii  nioi.it  atnioi*- 
phere.  In  periods  of  dronglit,  this  power  of  dry  soil  to  absorb  water 
from  humid  air  in  of  the  gmiteHl  value  ti>  vegetation.  Thr  amoniit 
nbsorbcil  ditTei^i  awording  to  the  nature  an<I  hygroscojiicity  of  the 
iHiil  ek*ment><.  Thui^,  a  MOil  rich  iii  huniu.->  will  altniet  niore  water 
than  another  coinpofle<l  wholly  of  mnd.  Condensation  of  water 
occurs  when  tliK  ^nHitec  i^  irold  and  in  eontaot  with  ni'iiat  air.  TIiIk 
oonden»ition  may  ownr  from  above  or  from  the  rising  moist  eoil  air 
just  below, 

A  tliini  fionrwt  of  moiitture,  of  no  greut  imiiortuncc,  is  the  breaking 
up  of  oi^nie  matter  into  its  constitucut  elemental,  in  which  jirriccss 
the  hydrogen  ih  in  greut  part  nltiniaU'lv  release*)  in  (sombimUioii  with 
oxygen  a»  water.  Another  and  exceedingly  iin}tortjint  source  of  soil 
moisture,  ini|»^rtant  u<it  Ixi-auMi-  of  (he  amount,  but  IxTauso  of  ilir 
quality  of  tbc  water,  and  beeauso  of  it*  possible  effect  on  the  supply  of 
drinking-water  and  on  public  health,  is  the  w-aste  waters  incident  to 
human  life,  which  in  ho  great  a  proportion  nf  (iininumiliew  are  di^ 
charged  directly  into  the  poll,  where,  being  out  of  sight,  they  an?  equally 
out  of  min<]. 

Loss  of  Soil  Moisture  by  Evaporation. — The  amount  of  water 
which  a  soil  loses  by  eva(>iiration  is  inHuenced  by  a  numtw-r  of  factors, 
which  include  the  water  content  of  the  soil,  the  height  of  the  pemnwhle 
layer,  the  composition  and  structure  of  the  soil,  and  the  character  of 
it«  tturihci',  and,  parlieulariy,  whether  it  in  <iiver(il.  In  other  wordji, 
the  nspidity  of  the  process  is  prftporlional  to  the  combuied  area  of  siir- 
fycvA  ex]Hv«il,  and  to  tlie  faeility  for  repbicing  the  loss  by  withdrawals 
from  bcUm', 
\» 
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Influence  of  VegetAtlon  on  Soil  Moistore. — Th«  nDtouat  or  waicr 
in  soils  i^  intliiincii)  jrivally  t>y  growing  vegetalioii,  wbicb  rwjuirw 
Viwl  Mijijily  (or  llii-  |)n)]RT  iiuiiitltrliiilK'e  of  ili>  fiim'liitUK.  It  willulnw* 
it  liy  ul)8orpiion  hv  the  root^,  wliicti  exteii<l  downwiint  tu  miqiriuii 
(I<-)illiM,  llic  rout.-  of  wlii^tl,  lor  iiiHt.-iiKx-,  ulliiiiiiiig  ^ontftimi'!i  a  \rn^ 
of  eijrlit  fit'l  iiiiii  iiioiv.  Fi-om  tlie  rool**,  tlic  waItT  |Kit*c*  into  ibr  i-ir- 
Rulation  of  llii^  jiliiiil,  iiHHi^tA  in  tin-  vnrioiM  jiliyninl'igirat  jit^n-I's^-!^,  im 
tlivn,  for  tliL-  xm*^X  l^^rt,  i^  ^iv4^>ii  otr  from  tht-  K^ivt^  into  (Im^  ■limt- 
phcre.  It  lias  Ut-ii  mlouhiti-^l  liy  Pt-Heiikofer  that  an  iiak  «Ti|«ini« 
more  timii  viglit  linu'.«  llic  r.iiiif:ill,  nm!  tli:it  tin*  Kiirtili/j/lui'  tiMmlv  it 
even  mi>rc  awive.  Tb<-  flilVcremi'  Ix-twwfii  tlie  nui)fnir»^  rtwitriiMiiiin 
uti<)  tliv  uiiiMiiiit  cxliulitl  ni)fiir<ciit.-<  iIk-  {tniDiint  wlitcb  \k\s  \teeii  Miiii< 
drawn  by  tlip  roots  friini  llio  «i|iiilary  liiwcti-  and  fn>m  tin-  wulcr-utlt 
itnelf.  A>  ihf  wiili-r  in  i1k-  i'ii|iillani\-  U  ivIi»i|U)t-liit)  l>y  tlitoi,  ni'« 
comc'fi  ii|>  from  IhUhv  Ii>  lalif  \\i-  jilaw,  TIiiw  il  is  llial  ii  plan!  nrlM 
arts  <liiriiig  tin-  growing  wasun  us  a  constantly  W(»rking  suciii'ii  u]ifan 
tuif  tending  to  <)ry  tin-  ground,  and  mi  may  bv  i<txj)laiiHil,  in  jurl 
leanl,  tlu>  (Condition  of  wet4ie>^  tbiil  i«  acqtiiivcl  bv  wmie  luncU  iftcl 
removal  of  tree;., 

AH  KTowiiijT  ci\>]>s  withdraw  enorraoui-  ainoiinti'  <>f  water,  mid  iiftfl 
tlic  gi'owtli  Ih'ooiiii^  M-fll  xdMinM-d,  il  ii>  ibi'  ra[>itlnry  wal<-r  iii^in  nbia 
dviwudcnup  Em  placLnl,  for  tXxe  niinfiill  |K-n(>lntt(«  but  a  nh^iri  di-cme 
into  ou1ti\'ati<<i  timd,  nnd  inoMi  of  it  \n  liwt  by  *>vapopatioii.  \(rw\ 
not  for  tliL-  tapillan-  wati-r  supply,  no  »'n>ii*  iindd  Ik-  r^n-t-d.  wir^ 
undtT  niO!«l  rxtnioitiinary  (>oiKlitiniis  nf  wcaiber  and  by  artitinnl  t"* 
ji^utiun,  siuLf  but  II  iJiort  jn-riod  of  drouj^bt  would  ciitliw  I"  pndiw 
wilting.  According  to  Stopkbri<lge,'  "The  qnantitj  wf  wat<T  Oii 
rifiuirt-fl  intd  tviijKii-nU'd  by  diffcivnt  iigriculliirnl  plitQta  during  tl 
period  nf  growth  has  bcvn  found  to  he  as  follows  : 

I  anvof  irhMl«xliata>  .    _ iOU.SSS  ptiiiinili>  of  nw. 

1    "    •'    dnvw  «h«liM i.oea,23<        -     -      .. 

1     "    "    Muifluven  exhilw lM,.^Si.«N         -     "      ■• 

1     "    ■'    cBhbRRP  cihulw S,M0,1M        "      "      " 

1     "    "    Kr»|»-.vii..-.'xbnlm TSq^TSS        ■'      -      " 

J     "     ■■    h«i^  pxhiik-. 4.4W.0SI         "      ■'      - 

But  Uic  intbiciM-e  of  vt^-tntion  on  tlu-  wat«r  content  of  the  siil 
not  limiteil  simply  to  its  witWlrawfll  and  t'vapiinilioo  into  llic  aUuf 
pin'n*,  for  it  acl.H  in  x\w  other  <)ini-tion  to  iin|M-<h'  surface  (low  and  sib 
surfaii'  dniiniigi.-.  This  is  sti-n  nion.-  iiurtimlarly  in  tbv  «i-'"'  nf  ti 
and  forests.  The  fitii-st  cover  keeps  the  soil  gT^nulnr  and  iinmul 
downwiinl  ]R'reoliitioii ;  the  tree  r^'ot,".  iniK-tniting  in  all  di 
prciH'Ut  an  eflt-etive  nbstaele  to  rapiil  lateral  movement  lliniu^l  tlie 
Rcmo\'al  of  forests  and  t-Iearing  away  the  surfiiee  of  the  forest 
promote  sudden  itixl  iki'lnietive  fr^whet*  in  the  springtime  an*!  d 
wlnM),  Inter  in  the  year,  the  water  is  n«il«I.  Tlie  ill  eflerts  of 
ntioH  are  noticed  jiartienlarly  in  [xirtK  of  .Maim-  niMl  in  the  A 
<)aok»,  where  strcann'  that  formerly  mn  fiill  the  rear  round  anr 
>  Bock*  inil  Soik  Niitt  York.  16UL 
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(onpDts  when  the  winter's  hhowr  are  melting  and  but  insignificant 
brooks  or  wholly  drj'  during  the  summer  months.  It  has  been  statitl 
by  Major  Raymond,  of  the  U.  S.  Engineers,  that,  in  forest  areas,  ibur- 
fifths  of  the  rainfall  are  Raved,  while  in  cleared  land  the  same  amount 
k  lost  by  evaporation  and  surface  flow. 

Other  Effects  of  Vegetation  Upon  the  Soil. — In  addition  to  its 
influence  on  the  movement  of  soil-water  and  on  its  amount,  vegeta- 
don  is  an  important  fa<:tor  in  the  determination  of  soil  tenijKTatnrc 
utd  of  the  anidiiut  of  mineral  matter  available  for  succeeding  growths. 
TSe  deeply  i>enetrating  roots  bring  to  the  tissues  of  the  growing  plants 
1  Ut^  amount  of  mineral  matters  from  the  subsoil.  On  the  death 
ind  decay  of  the  plant,  these  matters  are  rettiriicil  to  the  soil  at  its 
«rfkce,  where  they  are  available  for  reubsorption  as  plant  food. 

The  effect  of  vt^tation  on  soil  tomi>erature  is  of  much  irajwrtance 
nboth  hot  and  cold  climates.  A  barren  soil  or  one  from  which  veg- 
itUioo  has  been  i-tripiRil  absorbs  the  heat  rays  of  the  sun  more  r,i\>- 
iDy  and  becomes  much  hotter  than  one  which  is  protected  by  growth 
rf  any  kind.  The  air  above  the  soil  becimies  hotter,  too,  bet-aiise  of 
greater  ht«t  radiation,  and  the  difference  in  the  snrfac*  temperature  of 
hn  ground  and  that  covered  by  grass  or  other  vegetation  is  further 
bcreased  by  the  cooling  effect  of  evaporation  of  nioistni-e  from  the 
Inves.  Herbage  acts  as  a  protecticm  against  excessive  beating  in  hot 
dimate^,  and  as  a  blanket  to  prevent  loss  of  heat  in  cold  ones.  In 
Nmmer,  the  areas  covered  by  vegefcition  are  cooler  than  those  which 
■e  unprotected  against  the  direct  rays  of  the  sun,  and  in  winter,  they 
■R  wanner  because  of  the  obstacle  to  heat  loss. 

Trees  obstruct  the  sun's  rays  and  impede  wind  cnrrenLs,  and  thus 
&e  soil  is  cooler  and  at  the  same  time  suffen*  Ic-^s  loss  of  moisture  by 
cnporation.  The  obstruction  of  the  wind  currents  deprives  the  soil 
lit  of  one  of  the  influences  having  to  do  with  its  movement,  and  thus 
■lerieres  with  soil  respiration.  The  obstacle  opposed  by  trees  to  the 
notion  of  air  is  so  great  that,  in  the  interior  of  a  piece  of  woo<ls,  the 
•ir  may  be  quite  calm  while  a  gale  is  blowing  outside.  In  winter,  the 
ohrtniction  of  the  sun's  rays  aids  in  the  conservation  of  the  soil  heat 
If  [weventing  the  accumulated  snow  from  melting,  and  thus  keeps  the 
■r&ce  protected  by  a  blanket. 

In  cold  climates  tbe  influence  of  trees  may  be  at  the  same  time  pcr- 
waooB  and  beneficial ;  that  is  to  say,  iwrnicious,  in  tliat  the  gr<)un<l  is 
■Ider  aod  rooister  than  it  would  be  hail  the  sun's  rays  fi-ce  access, 
■d  beneficial,  in  that  the  trees  afford  protection  against  wind.  The 
■dicioua  removal  of  trees  will  often  render  a  climate  more  etjuable. 
u  hot  climates,  as  in  cold,  trees  shonkl  Ik  reniovc<l  only  in  case  of 
taewity  and  after  due  consideration  of  the  prolmble  results.  The 
West  spots  iu  hot  countries  arc  those  deprived  of  the  beneficial  inflii- 
■eeaof  vegetation. 

It  may  not  be  out  of  place  here  to  mention  tlie  snp|>o,sed  agency  of 
foodland  in  protecting  communities  from  "  malarial  exhalations  "  from 
niap  localities.     That  the  interposition  of  a  belt  of  trees  hai!  been 
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iulluweil  ID  a  nnniber  of  inslatioei  by  drciditl  improvement  in  [niiilw 
hitiltli  M>  fur  n.-  nialiiriu  b  f^tiiwrattl,  ^nnmtt  wi-ll  Ik-  dt-niitl ;  liiit  iIk 
inijiruvftiH'iil  i^  luH  owiup  to  the  fiuieicd  jimixTty  nC  Uavw  i-'AH- 
ileoM-  iijK>ti  llu-ir  ^iirltii'i-!<  ttit-  malarial  [Hiimiii,  l>ut  to  iht-  )ii<-r  iluii  th« 
wiii}p'«l  t>uirvn*  oi'  llti«  poiifiii,  blutvn  ti\nng  by  thv  wind,  arv  Jilicnd 
out  of  tlic  air  i>y  ttw.  Innvni,  or  tlipniwlvew  feek  \Ik  prolcrtion  limt 
■flonk'i)  iif^iuHt  liirtinT  iiivoliintjin-  tiiov<-iii<rt>t.'s  «i"l  attach  tbi-mxlm 
to  the  leevrurd  side  uf  leaves  aod  trunkti. 
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FoUution  of  the  Soil. 


The  Mtil  rvoi-ivtw  polluting  iimtttTH  of  infinite  varivty  nnd  in  itiileh 
ditli-Hii)*  amminl!!,   but    their   tmtiirr'   and    their  amount  siv  "f  Im 
imiMirinni'L-  ivliuivoly  thiin   Iticir  point    of  entrawv,     Smie  "f  i1m«  i 
pollutions  are  uitavoictablv,  and  tlicee,  indeed,  nn  the  onve  vMin-niin; 
which  we  niiiy  t^ive  oiirsclvcit  the  leiwt  I'lincern  ;  othns  nix-  ii\''iidil)l(', ! 
though  nut  alwiivfi,  or  even  ui^tiiilK,  withoiil   the  inourrin;;  of  i\(rii#. ' 

'I'lii-  iiimvoiiliililr    ]Hi11iuioni^  iiii-hidi-   llic  urine  iind  dro;i|< 
uniiiiuU,   the   iTiiY'iL^M-!'  of  !^ucli   uk    huve  died    nnd    liiive   (^  >, 
iioiiee  of  other  aniiuaLs  thiit  net  an  ocnvvngpn,  and  vegietjihle  BiHttin  I 
of  every  niiieeivnMe  itind    in  varioim  litugivf  of  drt«y,     Kxa-fiting 
under  very  nmif^ual   conditions,  tiucli,  for  instunee,  n*  may  cxl>i  in 
liiiir  of  "ur  iir  flmul  or  epiili  iiiii-w.  w lion  Inrgi-  iininWn<  of  bor-i'*,  otnir, 
and  other  nninialn  are  killed  kv  die,  tbctic,  lyinj^  ut  or  iM'ur  thi-  i>urliinij 
arvof  comjHimtive  iiniiiiiH)rlttim;,  8iuce,  ex{ioMM  tooalnral  proceswi<fl 
purificaition,  they  an.-  resolved  into  i-im[ile  innoonoiis  MiliHiiinoes  iriiidi| 
are  (ilMorhcd  by  ))lnnl  life  or  washed  downward  into  the  soil. 

The   avoiiliible    pollnlion;'   lire    mainly   th'we    wliieh    iiuin    <!c|»fiBJ 
IxMU-tttb  the  surfaee,  and  tb<*e  are  first,  and  of  minor  imiwrtaiio.-,  Uwj 
bodicM  of  th«  dtiid,  iu)d  i*eooud,  of  Viutt  im)Hirtanoe,  the  cxcrrta  anil 
other  organic  lilth  that  constitute  sewage.     The  temporary  etonigeoTr 
filth   ill  wnliT-tiiilit   ix-<i'ptacle.->  built  under  ground  cam,  of  eounw, 
DO  harm  to  the  i^nrroundiag  soil,  but  it  i»  not  into  mich  thai  nun  tUtt'J 
ally  clioiises  to  deposit    his  waste.     Water-tight  ce9Bi»ools  gmduillf 
become  fillwl  iinil  then  require  to  be  emptied,  while  iIio^h-  with  perria 
boltoins    permit    the   escajte  of  the    contents  <)owu»:!ird,   WH|nirr  w] 
tlioiigiii  or  (lire,  iind  are,  there  fore,  a  souiyw  of  contentment  ami  *•(  \ 
Miving  of  expenditure.      The   filth   thus   introduowl  is,  however,  Wc* 
thexone  of  hacUTial  activity  of  the  bonctlwni  kind,  and  bcvoiui^  rtMwJ 
up  in  tlie  Miib^^oil  or  is  wni^lied  awuy  gnidual|y  by  the  ground-wad 
which  thereby  is  made  unfit  for  human  eonsnmption.     Organic  mnta 
dejxwiteil   in  the  npjKT  Ktratn  of  ihc  H>i!   are   rewilved   into  tJieir  <"'i"j 
Ktitiient  elements  with  gi-ealer  or  lesser  rapidity  ai-cording  to  local  > 
ditionn  of  distance  from  the  niirfiiiy?,  teniiwnttiire,  dt^pw  of  moitV 
iind  permeability  to  air,  the  process  advancing  most  m|Hdly  in  • 
ventilated,  modenitely  dr>-  soil  near  the  surface,  and  lanxt  unlavOftUf 
in  Wet,  vomjmel  soils,  far  frfmi  the  ("urface. 

Tile  influence  of  the  physical  condition  of  the  soil   Li  ol»erv«l  frfl 
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qiiently  in  tlw  exhiiniiitinri  iif  lK)di(«  for  one  cniiiw  or  nnothcr  after  vnry- 
iup  pcriud»  of  inWrinoiit.  Thin*,  in  npcn  soili^,  IhhIic*  may  iIUa|i[KMir 
almojit  oijmplctcly  in  the  rniirsp  of  a  ff^w  ycaiv,  wliilc  in  sliff  wet 
clays  thfv  may  Ik-  fimrid  even  afu-r  twciily  ami  nmvv  y«ir»  to  be  i>iitrid 
masws,  still  undtrgiiing  a  most  gnidnal  jiroetws  of  di^iinetrrntion. 
In<it-c<l,  it  iff  Matiil  tluil  In  i-\euvatiii{r  mi  ancient  (■linn-)iyard  in  I^iin- 
don,  the  soil  of  which  wa^  :i  wot  clay,  bodice  were  rcniovcxl  that  showed, 
after  two  crntiii-iiw  nf  interment,  no  materially  ditferent  np])earaiiee 
from  tliat  of  othi?i>i  which  bad  bi-cn  ImrittI  not  over  a  wor- of  yiars. 
LKMynlly,  Dr.  A.  Itiedil '  had  an  opjiortmiity  to  eonij^ai-e  the  rewnlta 
Pof  dceomixiKilion  [>riM-eiLili»K  In  IxmIIw  Innicil  for  aljtail  ihe  snine  (tcriod 
in  soils  that  were  res|»(vtive]y  loose,  well-drained,  and  well- ventilated, 
and  comjKict,  wet,  ami  iainermeablc  t»>  air.  In  the  lir.*t  iii.-<tan(;e,  the 
remains  were  fairly  dr\~  and  quite  inolTctisive  to  the  sense  of  smell  ;  in 
the  other,  they  were  a  sliiny,  Inalhsomc  mass  of  rottenness,  which  ;,'ave 
out  such  a  horrible  "tcneh  that  the  ci'owd  of  idlers  that  had  K'Uberwl 
was  qniekly  dij>si|iaui!,  while  ihose  whose  duty  compelleil  them  to 
remain  were  made  uiijtlcasanlly  »ick,  and  conid  nut  rid  i heriir«ei  vc*  of 
the  smell,  which  eiiniK  to  them  nntil  several  days  Wl  elajiscd. 

Ill  the  de(i.imp<>''iti(in  of  iTrfpuiii'  sidi'liini-es  in  the  soil,  im  otU'ii»ivt' 
emanations  are  noticed,  if  a  fulistantial  layer  of  eaitli  is  inter[>osed 
between  fliciii  and  the  iitniiwphere.  •taeit  as  it  liatt  power  to  n>lain 
water  in  its  interstiees  and  on  the  surface  of  it«  ooustitneut  particles, 
»o  has  the  soil  the  tiirnlty  of  absorbing  gsuscs  and  vajmrs,  a  proftcrty 
which  cannot  have  esca[H'd  the  notice  of  any  ])erson  actpiainliil  with 
the  commoli  aiilb-cbif'ef.  The  ^oil  art-*  in  this  res|«'et  like  cbaifoal, 
mid  can  tiike  up  not  only  odow,  but  also  coloring  niattent  and  other 
subntaiii'es, 

I*erhn|>«  the  most  striking  illiistnilion  nf  the  affinity  of  soil  for 
odori  is  the  tliei  iluit  iUimiiniiling  pui  fiiun  leakinir  stni-t  mains  has 
in  itjf  journey  through  the  soil  been  known  to  Ix-  divested  of  its  odor- 
ous constituents  to  stich  an  extent  that,  Ijeing  drawn  into  houses  with 
the  soil-air,  ilj*  pii-senec  ewiijKil  oK-M.'rvalion  until  the  pn.Hhietion  of 
poisonous  effects  drew  attention  to  the  existence  of  an  iiniisnal  condi- 
tion of  the  air. 

A  like  retainiuK  action  is  inanifest«<l  in  a  less*  marked  degree 
tou'ard  substances  in  .solution,^  which  are  held  baek  by  tmrlnee  uttrac* 
tion,  II  fset  which  has  Ih-cu  noted  rc]>cateilly  by  hypicuist*  and  agri- 
nillural  chemists.  This  is  more  noticeable  in  soils  of  fine  grain,  since 
such  pr>rM-nt  a  far  uresitcr  arcjj  ofitniiii  Kiirfaci-.  Holfuiann'  (illcd  two 
o'liiiders  of  equal  size  with  satul  of  diiferent  degi'ees  of  Hneness,  but 
with  tlu^  sitine  total  ]M>ix-voliimc,  und  to  (.aoh  vir»  aildol  from  iiIkivc 
an  (ipijil  \-obinie  of  solution  of  common  siUt,  and  then  daily,  (or  tea 
days,  an  e^u.-il  volnnie  of  distilliii  water.     The  drainage  of  wicii  day 

'  Hdiii-lii'iiiT  inwilfiiii»hi'  W(ir|[pn«elirift.  June  '1,  IMiW. 
•  St*  jiiuv  2iiii  for  un  iinumiullv  ilrikins  cinmple, 

'  frbcr  linn  ICinilTinii<'i>  ^en  %VriirnviiiiiciinKi-ii  in  Rodon  iiiul  GrundiTMMr.  Archlv 
filr  Hyuiifnd,  II.,  p.  M.\  J 
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wni>  tr<«it<><]  M  to  \i»  <Hiiitrnt  of  ^It,  ihm)  it  wa^i  fnimd  that,  ulienK 
llinl  fniiii  tlip  I'oorwr  Hind  VM-kitil  Kilt  i>n  lite  «Tt>ml  day  iind  fi^i^'rtbf 
liii;ln*t  rc-'iiill.-  on  tlic  lliinl,  from  which  time  iIip  yit-ld  pr<^'r.-MVfl_r 
(Uiixllt^il,  tlmt  \'nim  thf  Hikt  ^hnvrvil  im  iniw  uiilil  \\n-  ^\y.x\\  ikv,  »i»! 
iU  maximum  on  tbi>  i<ev«nlh.  R(>|)etitinn  uf  tin-  vx|K-riiiM.-iit  in  ihr 
Mimv  wiiy  ill  nil  |inrtioiiliir!<  yioldul  tiU-iiti(ii1  n-Hiilu.  'niiin  tl  tr  f\»'»it 
that  piilhitii'ii  truvfU  more  i|iii4-kK'  in  ounirw^  rmil-'  thiiii  in  lini>. 

Ill  tho  <I(niin)|M>Htliiin  of  proU'id  Hiitxi|iin<v>.  in  the  snil,  Wsic  *!>• 
stiiiitt*  an-  bclic-vol  by  ^'-•nw  to  \tv  t'lirrnwl,  w)ii<'ti  iniiy  Ix-  Ixikeii  iut" 
the  syat<>ni,  and  so  affect  tlie  resistance  of  the  tiody  lo  dtscace  w  w 
fiivor  iiirtH'tion.     Thix,  hnwvvw,  ii*  |)ui«ly  ljy|Hithcti(nl. 

i\f-  boA  bt^on  i-emarke<l,  the  pivwiice  of  bni-tvriu  '\^  niseiitial  fiirtk 
nwiiliition  of  'iipinit'  initttiTX  in  the  siitl.  'I'iiin  han  Ihi'Ii  ilhi^imixl  in 
a  striking  maimer  by  l>nclunx,'  who  trralL-d  stcrib-  NL>il  «il!i  "tinli' 
oi^iiiic  mnttt^n',  Midi  an  uiilk,  Migiir,  nn<)  Htarch  |HiMe,  nml  then  |ilniitt*l 
therein  ihus  iukI  beaiiif.  Altbuugh  the  n-^ulliiif;  plnntc  wctv  wi-il  ami 
for.  fhfV  did  not  thrive,  but  roniainni  a*  thin  and  weak  as  rlii"i|Hi 
fjiiiwing  in  <li.'ti]l<-()  wah.T.  The  orpinii'  inaMcrs  in  tbv  wil  wrt 
of  no  value  in  their  "growth,  for  tbej-  e<nilil  not  be  uitK^irbtil  n«  *uch, 
but  only  after  deennijMiiiition,  Tlie  addition  of  a  little  iiDt-teriliirti 
uirtb  HiitlioL-d,  however,  to  litarC  the  re(|uired  pnioow,  und  IIkii  tlw 
groutli  improved  at  »iK>e. 

Bacteria  of  the  &oil. 

The  Imeteria  of  the  soil  are  found  abiio^t  wholly  in  tltc  MiprrfoM 
Inyerji,  and  Ih-Iow  a  depth  of  twelve  fwi  tln-ir  tntmlHT  b*  n-iativetyfrt. 
A-«  tlie}-  need  orjrjnie  matter  for  their  growth  and  niidti|ilii':ili<m,  il 
may  be  inferre«I  lliai  the  gnaier  tlw  ainiMint  i»n'»enl,  the  gmiti-r  will !• 
tboir  number.  Thus,  they  are  Gir  mure  niiturmufi  in  rieh  f^nlrn  "^ 
than  in  ordinary  niimI  am)  elayp. 

TheoondiiionK  most  fiivoriible  to  their  <Wdo)mieiit  iir«,  in  additi"' 
to  the  presence  of  the  or^imii'  |vili(ilnni,  moisture  and  cenain  liinitr</ 
trm|KTal«n-.  Drjnejw  anil  extn-nw!«  of  bntt  and  eidd  im-  all  iinfin* 
able ;  luituration  with  u'ater  may  or  may  i>ut  be,  ai\-onliit(;  to  the  vn 
ety,  for  tliere  »r^  soniv  lluit  in  n  wet  rich  aoil  can  go  un  decouip** 
ttrganie  unit  ten*. 

In  onlinarily  rieh  foil,  the  nnmlier  of  bat'teria  ranRe-  fn>m  hunJw 
thoiiMtntU  to  millions  jK-r  enbie  wntinK-ter  in  the  Mirfaw  hvyvr*.  U-k" 
whieh  tlivy  diniinisli  in  numlwr  very  r»pi<Uy,  iintil,  at  tvn  to  twel' 
fill  below  the  Mirtatv,  ibe  soil  1;*  iHUdiailly  rterile.  excf|>t  for  th* 
ihul  have  liet-ti  wiisho)  down  or  wirrinl  by  burrowing  »uiinali>,  iff, 
alwivr  slatitl.  de|>>>>iied  by  man  in  orgitiiie  filth. 

The  «'il  Uti-lerin  iin.-  mainly  of  tlu-  beiM'f>n>nt  varieties,  llw  n| 
ntphyies  whieh  ]K-rfonn  only  useful  ofti«>«,  inclading  the  minniw 
xiirieliiw  of  the  nitrifying  organisms.  While  dilfVix-nr  iixvic?  i-f  pill 
ogcuifl  Inu'teriu  have  biin   foiiiHl   in   ihe  soil,  and  although  eertuin  u 

*  ()i«n|ila  pniiliiK,  C 


BACrHKIA   OF  TUB  SOIL. 


S9S 


tJiem,  the  bacUli  of  totunua  atitl  of  malijinimt  irdcina,  are  reiy  gpner- 
ally  ()rpscnt.  this  o\a^  of  orpiiitniniB  tiwls,  a.^  a  nili*,  the  omdiliuiis 
present  Jii  the  soil  nulavoraltle  to  lievelojiniciit. 

In  the  first  place,  the  temperature  is  too  low,  exreptiiif!;  in  the  vttry 
iippeniintit  liiyers  in  wjirrri  wwither ;  nml,  fiirtlKTiiiorc,  the  jHithii^'iiic 
kiiuU  cannot  thrive  in  tlie  pns^eiice  of  the  enomioui^ly  nniniTous  Mi\f 
riiphvIeK,  ^'hii'li,  in  some  iiuiniii-r  tint  iik  yt-t  Mit.isliK-torilv  i.-xpliiitKNl, 
bring  about  their  dcstruetioii.  I1ii^  iietion  hiu  been  (lenioup-tniled 
rf|M'iit(illy  hy  Kttch  iintl  others,  who  shnw<tl  tliat  antluiix  Itncilli  iinil 
other  ptithogenic  varietiw!  can  grow  in  sleriliwti,  but  not  in  unsteril- 
ixt'il,  .-"lit. 

Klein'  inputs  tliat  ftatho^-nic  orptni.''ni»  in  buried  iHidies  ranmit 
mainiain  vitality  in  the  pi-esence  of  B.  rwhiicrU  tfmioijeitrii,  whieh  U 
nlwuvi>  present  in  ilceomjioiiiM^  iHifliiw,  iind  thai,  in  most'  uti^e",  ii  nimitli 
is  .sufficient  time  to  iu»iure  dectnietion.  He  biirietl  gnineii-pigs  eon- 
iHiniii);  viiriiiu.t  Icinds  iif  niicro-or^inisms  within  tin-  jilxloniinal  eiivity, 
and  at  Uiflen-nt  times  exhunietl  them  ami  made  wureh  for  living  i^petri- 
nieiiM.  Hi;  t'nund  tliiit  II.  jti-iHlii/hiiu«  liv«i  4  weeks,  but  not  *! ;  lfitaf>k- 
tiUu-'uKtui  KKfriw,  about  the  same;  >^p.  eholi-nr,  19,  but  not  28  duyi*; 
B.  itfphomiH  and  U.iiiphfhfrhr,  not  longer  than  '1  weekH  ;  B.  pesOs,  17, 
but  not  '21  dav«,  and  B.  f<ihn''-uliim/',  not  7  wwks. 

It  is  he!ieve<I  that,  in  the  deejior  layers,  awav  from  the  aapi'ophytcs, 
the  r-porc^s  iif  [Kitho^jyiili.'  :>|H.^in('.'«  nniy  tind  a  IiHl^nieiit  titvonibic  to 
storage,  but  not  to  development,  and  that  there  they  raiiy  remain  with 
dormant  vilnlily. 

Many  examinations  of  graveyard  soila  and  of  bits  of  eoflina  have 
been  made  hy  Dr.  K.  H.  Wrljon,  of  Brooklyii,  to  dt'tjTiniiie,  if  jmsfilik-, 
the  prewinw  of  palhiigenie  biieteria  as  well  an  the  nnutl>er  of  bacteria 
aa  eom|«(irttl  with  those  in  other  kinds  of  soili*.  He  found  no  nion; 
bacleria  than  in  other*,  and  no  [Kithogi'nie  kinds  whatever. 

Theiv  is  (me  kind  of  soil  (hat  has  l>een  found  again  and  again  to 
liiive  II  de«rriielive  action  on  jmltiiiKi-nii!  Iiactcria,  and  that  is  pefit, 
which  kills  them  very  quickly,  proltably  through  the  contaiiuMl  organic 
acids. 

The  »oil  acts  as  a  very  good  filter,  and  holds  back  most  of  the 
oiganisnis,  hm  by  the  aid  of  (lowing  gnmnil-wHter  or  water  i-nleriiig 
from  alwve,  Ihcy  may  \w  earrietl  through  ei>nsitlerablc  distaneee.  Thus, 
Drs.  Abba.  Orlandi,  and  Knndelli,^  exiH-rimeuting  on  the  tiltmtion 
ea]nii'ity  of  llic  soil  about  tlie  tilter  piilleries  of  the  Turin  water  suitply, 
fniUHl  that  cultures  of  .I/irrofweciw  protHi/i'uiti*,  pounil  with  hirpe  vol- 
umes of  liipiid  infi  the  ground  at  viirlons  points,  made  their  aptwirancv 
200  mcteni  away  in  42  hours,  and  12  and  '17.^  metei-s  away  in  7  hours. 
In  these  exp<Tiinent.-'  the  projx-ily  of  the  soil  for  holding  hack  sab- 
Rtnncctf  in  sohtlion  »-as  manifestetl  in  a  remarkable  degnv.  melhyl-eosiu 
and  unmin,  sulwlames  which  im[Kirt;  intense  ixil  and  gni-ii  rtilomljon 
to  *vt»t*T,  and  whith  were  a(hle<l  with  the  cultures,  not  apjx^riiig  uruil 

'  Twt-iity-ei^litli  Annuul  Iteparl  of  Ihc  Local  Oov^mmt-iit  Board,  KuppItMuvnL  j 

*  /icilaetirifl  tiir  Hrgicnc  utui  Infcclioaikmnklinuni,  XXI.,  p.  06.  ' 
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long  aAcT  the  organiittus  hutl  {msHtl  tliroii]j:Ii,  In  tlic  inntaiicr  iu  whitb 
tliey  apjHiinil  in  43  hotir^,  tlie  ooloriiig  agents  <4inlil  out  tw  d(-u<.l(d 
until  iitV-r  7o  huure  liiul  L'lit|iMx]. 

The  n^lutinn  nf  tlic  mi)  lo  llie  various  palhogtuic  bacteria  will  Ijr 
diM'iimiHl  fiirtliLT  utiijur  Hcpiiniu-  iKsdiiigx. 


Soil  and  Disease. 

T\w  iiifliH-noc  of  ttif  etiil  on  limllli  iiml  (]iM<9iiie  tii  a<)in!tte<l  ttff 
genemlly,  Iml  is  little  undiTPtixKl.  W'v  know  tliiit  ivrtnin  «'il  f  n'''- 
tionx  likvor  ihi-  iH^riii-rciuv  nl'  ['uituiii  dL-'is.-Hsf,  but  vihy  thiii  is  fv  ruuniu 
u  problem  for  fuluro  iviii'ari-li  to  solve 

Our  iioiiims  cniuH^ruiiig  tlu-  nitisnl  relation  of  tlM>  soil  are  pnUbly 
j^rtwlly  ill  error  witli  nwiiwi  to  wrtaiii  <li»k»w?,  iKing  d«il»tlp*  v(«(^ 
gcratecl  as  ii'jpiiiIh  som«,  ati<i  e<iimllv  umievclojipii  »vith  «tln-ri».  (win* 
p«Kti(i(>n,  ]K.-niiuibilily,  lcm]HTiituro,  moijitiire,  i-vu|M>ratioD,  wil-alr,  w^ 
flucitustion»  of  the  level  of  tlie  subsoil-walcr,  nil  art-  jtuppoMi.i]  to  bw 
iinporluiit  rdiitioiiA  to  nwny  of  the  ditxiiMS  of  inaiikiti<I  and  of  ataad 
lifi-  ill  ni'Doral. 

Such  fvitleiiw  iiH  JMnrs  on  tlie  relation  of  the  soil  to  diseases  h  giwa 
in  p'tii-rnl  tfrnin  Iwlnvv. 

Soil  Dampness  aod  Disease  in  General. — It  lia>!  Vmp  bw-n  nam!- 
Halty  noltctil  iliiil  ihiiupni'^ts  in  iiud  uiiir  tin-  surface  of  iIh*  wW  injnn- 
oiii^Iv  ullVcli*  tlie  lirallli  of  lliowc  dut'lliiiji!  n«irliy.  It  wium'^  mUwH 
of  tlio  foil  uikI  ibiMipucv*  of  tlic  nlnio!i|itw-n'  inimcidiately  oIkivc,  «n 
appcitt^  to  condu»'  inoie  ]uirticularly  to  rlK-uumti.-<iii,  miinilgiv.  aiid 
diKtii'H'H  of  llic  n^vptmlorv  tnirl.  It  lias  Iwen  notit-cd  by  ninny  "t*  i 
have  inveMtigjiti-d  the  snbjwTt.  that  tbc  gviioml  l«-«Ith  of  tlmsp  dni'liu?  ' 
over  <liin)|i  soilw  \e>  much  inlt-riur  to  llml  of  tlion.-  more  fnviiniMv  i'^ 
cuitiHt-'iiioiti  ill  liiat  riijard,  niid  iiwtni «■(■-■»  of  improvouicttt  on  n-i»i"™ 
irom  damp  to  dry  localitice  are  too  conimonly  known  t'>  iifl  it'"' 
tratiou. 

It  i"  (p-nenilly  agTectl  tlint  ii  foil  in  which  tlw  jfroiiiiil-watrr  k><-IH 
high,  five  lo  ten  feet,  for  instaiii'i',  from  the  surfiice,  is  not   laviiKiliif^Wj 
IhsiUIi  ;  mid  timt  a  iUiii  Iivel,  lil>(Vii  fivt  and  nion-,  is  iinobj<«ti<H 
on  llic  tioore  of  dampness.     This  Wiiig  udniittMl,  it  niiglil  tVMfH 
l)c  mfi-rrcd  ttinl  artifiri.tl  lowmiig  of  the  grou nil-water  will  bel 
lowed  by  inon^'aw  in  wilubrily,  and,  as  a  matter itf  (iirt.  Hint  U  pli" 
wliiit  does  oo'ur.     Uiit   it  shirtdd  In?  r-tiitixi,  in  onler  to  l»o  liinlur 
ni-curiilc  and  in  all  fiunici".  tliat  while  incrwiscd  !M'id(hfulwss  is  ii  i 
Mtpicnce,  as  a  nih-  it  i.a  not  the  object  -uought,  fur,  as  a  gi-uenil  tiiiogi 
soil  drainflge,  fsuccinlly  on  a  larpi-  mtiK-,  bui*  bwn  varrit-d  wit  to  ii«* 
the  ilemanil!'  of  siicci^s'ful  ugrictdture  rather  than  in  foiH^pwiK*  <■  , 
solicitude  for  public  iunlth.  ' 

The  iiii-thod.i  I'liiployed  ninv  K-  "tntitl  gi-ncnilly  a"  iwrmsintt  Inc] 
outlet   mid   removing;  obt^lnidionfi  to  the  outfall.     Ditching  iiuil  tbej 
lyinslniction   of  underground   eliannclwiiy.'i    by    iiHanri  of  drain   ^ 
or  rubble  luxl  fieldi>toiivs  an:  the  uioet  oumtnoD   ntethods  of  tinia 
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ing.  SoDietimoet,  i^rainn^  welU  nre  drivea  nt  intpn'alii  down  tliroiit^h 
t\w  iiti]K'niRi<ble  elratiim  into  nu  o|>cn  Mibsuil,  into  wliich  tliey  then 
drain. 

TIk*  <litli<rullii-»  in  the  wny  «f  ilniiiiiiig  (.'xU-iiitivc  nrvus  of  iinlieulthy 
aiitl  ii^iciiltiirally  iiii product ivt-  land  lie  chiefly  in  the  lack  of  indi- 
viiiiml  i„'<K)[H-i':itiiin.  Sucli  tindrrtitkliifr^  iiitist  iit-Kt^Ninly  Ik-  iv-irritil 
ou  in  a  ^y«temjilic  nnitnicr,  ami  ought  nlwuys  to  Ik'  iiuder  the  direction 
of  soiiH!  w^ntnil  aHclinrity — miini<-i|iLil,  stale,  or  national. 

By  nicuns  of  undcr-ilniinnjjc-,  lli<in»jinili<  and  tlioriff:iiid>^  of  scrvs  in 
various  jmuIs  of  this  country,  notahly  in  Illinois  and  Indiana,  and 
X'a#t  »r«iu^  of  liind  in  Kii);liinil  niiil  on  tlic  iMintiiu-nt,  hiivi.- Irvu  tim- 
verted  i'l-om  unhealthy,  malarious,  and  more  or  less  unproductive  tracts, 
into  limlthy  an<l  richly  pivHluctivi^-  Miuntry;  hut  thi:  iwheriK*  iit  not 
always  successful  in  relieving  a  loculity  of  diH>usc,  especially  of  malaria, 
HO  h.-i.i  hic-ii  j.inviil  in  [i;irl.i  of  li.nly,  Australia,  and  clst-whcrc. 

Soil  and  Pulmonary  Tuberculosis. — 'I'Iktc  i>  uti  nndonhied  c<L>n- 
npct.ion  betwi-eii  tiiLs  disiasc  and  soil  dampness,  which  is  must  manifest 
when  one  invejitijiiitcs  the  prevalence  of  the  di.'im.-**'  ovvr  the  same  wiil 
before  and  afVr  soil  drainage,  by  which  it  will  always  be  found  to  be 
diminished.     Wh*  this  iit  i«>  wo  eiui  oidy  wjnjecture. 

We  know  that  damjiuess  is  one  of  a  jHtssibly  cousidemble  number 
of  factont  in  pnxlncing  {irc<li.s|Hwittnn  to  thi;  disease.  We  know  that, 
other  conditions  being  the  same,  the  dist^^a^e  U  far  mure  common  on  low 
dump  soil-s  than  on  ch-vnttil  diy  ones.  Wo  know  also  ihat  tJie  disease 
is  com])arjlively  rare  in  some  parbt  of  the  earth  where  the  noil  t» 
CXCu-jitiiHinlly  tiry. 

The  distribution  of  the  diseiise  and  its  relation  to  *oiI  d^impness  were 
first  brought  to  puhlii-  notitH?  by  Dr.  Hmiry  I.  IlowditcJi.'  of  Itoston, 
at  the  annual  meeting  of  the  Massac husett*  Mcdicml  .SrKnety,  in  |J*'J2, 
who  sulimittt^l  two  pro]H'sitions,  the  ri'SulLi  of  nior't  (-xtensive  invt-sii- 
galion,  which  were,  in  substance,  that  dampness  of  the  will,  wlietlier 
inherent  or  aa^niriMl  by  ifiason  of  piMxiniity  of  hMlics  of  water,  is  an 
exciting  canst-  of  conMimption,  which  di.MTi«-  can  Ik*  chirked  in  tt» 
course  or  even  preventtnl  by  piMjjer  attention  to  soil  ninditioiis. 
Shortly  afterward,  .-<imitm-  conchHiims  weii-  promulgaiicd  in  Knglnnd 
by  Dr.  nucluHiuii,  who  had  been  muking  ol>scrvutioiis  along  the  some 
line,  not  knowing  thai  Di-.  IJowditi'U  was  siiuilarly  cngwiitii.  Tht^iie 
prupo«itions  wcr-  !ic«'ptcd  by  the  profeitsion,  and  have  bei-n  tnaiiitatned 
ever  since. 

Typhoid  Fever. — It  is  Mieveil  (piite  generally  (hat  ihts  rlUiiw  i* 
Connecit--<l  in  some  way  with  soil  condiliotis  as  well  as  with  drinking- 
vrator.  Indiiil,  then-  nrv  wmc  nnlhoriticK  who  n^ganl  the  .-^oil  an  of 
infinitely  grKitcr  iniporlaiio<>  in  the  causation  of  epidemics  of  this 
dis(«se  and  of  eholera  than  drinking-wnter,  which  to  their  minds  lias 
abr'olnti-ly  no  intlnenec  one  way  or  another.  The  Pi-ttcnkofer  theory 
of  the  cause  of  thi^e  outbreaks  attributes  it  to  the  s>>i!.  fii>m  which  the 

'  Topogmphicnl  I^Mriiiucioo  luul  IjKtU  Origin  of  Coiuniiopuou  in  MuvcIiumiu. 
Tnnnaeiluiv,  imZ 
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exciting  mune  i»  d'n'tribiitct]  br  tlu>  ground  flir,  vrbid),  sa  has  btto 
sl.ilol,  is  ill  cunstant  movement. 

Arimniiiiji  to  ihf  ili-tiiijiiiir-hi-il  ori^iitiitor  tif  ihf  simI  thtiin,-,  tlic  an- 
kiiirwn  puif^iiii  iw  introiiiict'J  iuio  ilie  snil,  where,  under  ]»r*>p(»  wwii- 
ttniiti  of  nrgiiiiio  tiltli,  and  oUii-r  inlliM>ii««,  »  KpccM»  ttt  fl'Riit^t>rK»i 
(Kx-iint,  tki'  cm)  priMlutrt  ul'  wliicli  ip>  tlie  oxvitiiij;  i^iu^r,  whii'h  i.-^tlii^n 
»i|Ki)ik-  nf  inilitdiig  tlit-  <Iis4>a.'k-  in  tlioK-  liy  ulioni  it  is  inliaUil.  All 
ini|)i)rl(it)t  in  tlnf>  jh-oci'*.'^  in  IIw  verlieal  mowmunl  of  (In-  gnjuntl-OBiT, 
ami  it  if  «Tlainly  true  that  ovct  a  hiii(t  i>erii>H  of  yenr»  of  oWrvsliim 
ut  Miinicli,  iJK-rc  wan  k  most  ninnrkitlilv  cniiicidiitre  bdwccn  cpidttDic 
of  tyj>l)tit(l  fever  and  flnvtiiiitiuii)'  in  tlie  ^r(>iin<l-u-attrr  level. 

The  ifiiulttion  inosi  fiivonihic  to  hi^h  niorliidity  h--.i>  iloniotixUUil 
li>  Im?  !i  nipid  liill  alter  iin  nnn>^iiiilh'  hijrii  Kvil.  The  hi^hfft  <lwlh- 
rtiti'w  <liirtiig  the  thn*:  cwvcPed  oemrred  during  tin-  years  nf  lowrrf  lf«i 
ind  Ihe  lowest  nitc«  in  the  y«unt  of  iIm-  high««(  I«v«I,  A  i^imiltf 
<-it)iiri<li'n['('  tmfi  lx<en  noticed  cl^wliere,  but  by  uo  niranH  in  nil  or  ms 
n  nijijiirilv  of  liu^  tociilitien  when.-  involig;it)i>lM  luive  Ixx-n  niiidr. 

The  theory  lia<l,  lor  a  time,  many  atlhorent*',  und  tlw  <>jiitnnwy 
bclwrtn  the  s>uil-llw^rists  mid  tlw  " watcr-fiinaiic*,"  «.*  iVltciikijItf 
uiIImI  theiiif  wn^  varried  on  ut  timot  with  exceeding  bilterucM^.  Ilui 
within  the  [Wrtt  tlieade,  th*  water  tKM>ry  has  Ixh^i  so  thoroughly  pnii'ci 
aw  the  I'llii'f,  if  not  Ihe  nole  iiuusi-  of  rsten«ve  niithrraks,  iluil  iaunvl 
ill  tlio  tht^iry  hiis  fallen  nlf,  and  iv^  silpjHirlers  are  now  fen'  in  iidiiiIkt. 
I'etli-nkofer '  him.-^clf,  however,  \n\»  to  the  end  a^  nnnmijiroinii'iiif,'  a* "» 
the  b«^uninp,  and  found  no  difficulty  in  apfdying  it  to  the  great  cp- 
dnuie  of  eholem  in  Hiiinbnrg,  in  1S!):2. 

Till'  contention  tJuit  the  cxlniordinaiy  eiideiuieity  that  previuW  * 
long  ut  Miinieh  was  due  to  the  filthiiie^s  of  the  i<ti1isoil,  nhic):  "i* 
honvyeonilM\l  with  i'>(-fi«))ooli<,  ittniiol  lightly  be  bruslted  Uf^itir,  for  i(  i^ 
a  ftict  tluit,  with  di<)mntinuanee  of  tbe.-^  alxiniinationM,  ai>il  nith  ' 
py-^ein  of  inii>i\>vi'«l  !H^-W('r!ip\  the  lyjilioid  fi-viT  rale  fell  fn>m  ilfl  |W 
li<^n  n"  H  h-itder  ihiwn  animig  the  lowi>t  known.  Xor  wa^  this  full  i'u<\ 
m*  hae  \yfvn  claimed,  |rt  rhunge  in  tite  watei'  stipidy,  for  the  i^ntil  <']''' 
deiuin<  had  ccai«il,  und  tlte  full  hud  long  I'^tulinned,  belure  tJic  aiUC 
8np|>ly  wu<  elian^'d. 

Kx)N>rinient  has  shown  lluit  (he  ty]i)ioid  nrgtmiMn  mny  irttii 
vitality  ill  tt«-  w>il  for  eonsideniMr  peri'xU  iiuder  favoring  niniljl 
tif  wamith'and  inoii-lure.  Koln-rtMrn '  r»i>niVMl  «■!»  from  ?e>"( 
jiluiTs  in  u  tiehl,  and  wel  tlw  ejt|).<M^  H>il  with  diliiltxl  ty]iboid  oilnii**) 
one  at  lite  t^tirfape,  one  nt  u de|»tli  of  nine  inelu.<;<, and  a  thinl  at  iij:lOTB 
InolieM.  AOer  UtO  days,  the  Ittirilli  on  the  ^nrfatx-  luiil  mnlti{>liiil.  UM 
wlii-pp  they  luid  lui-n  jihui-'l  i-ighttfn  inehe*  below,  llu^.'  roilM  al«>l> 
fonitd  in  the  Mirliwv  layi-r.  Ijiut  on,  in  ihi-  winter,  no  rexilix  wml 
be  oblaiiivd ;  hut  in  tlte  sfiring,  Ite  nioi^-leiKxl  the  |>atehee  with  i>1rHl 
bouillon  ill  ver>'  ttiliite  eottilition.  aini  ullt  nvard  huceecded  in  o1>biif 
iitg  growths. 

)  ManoWwr  »nl(rlniu4i<'  WnchnM-kltll.  Mav  3,  I8M. 
■  BritiA  M«lk«)  Jounat.  Jan.  tt.  INSa 
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Tills  [Kwitivo  n-miU  iwtwnli'  willi  (lie  views  of  (joriiiiiii",'  who  foiiud 
that  typhoid  Iwcilli  will  live  li>r  months  when  inciniipletoly  dry ;  but 
awiTtliii'T  to  Flrijrp',  i.ln-y  iln  not  Mirvivc  oimijili*tr  liryiiijj  Idiip-r  fhiiri 
lil^eeii  day-i.  In  air-<imil  tomlitidii  tiny  apixiir  to  liave  iminipairixl 
viluliiy  for  sonif  ilays,  aivjjrdiiiir  to  BrowiilK-,'  who  <lrii'<I  iiiul  ^Icrillwd 
"inliTWi-}'  soil  uml  ihcii  iiifert<il  il  with  a  limtli  i_-iiltiiP-  "f  typhoid  and 
ki'pt  it  at  !)H°  F,  for  a  day.  It  was  then  lefl  exiMisetl  to  the  air  for  a 
witrk,  during  whicli  timi-  it  Ki'iiim-  siiffioiciitly  dry  to  Iw  iwsily  >K«t- 
lored  by  the  breath.  Cnlliircs  fnim  thi?  gave  positive  requite.  But 
it  sliotitd  ht-  ri-iiit<mh('ri'<l  that  air-^h'itnl  t»t]]  rontnins  loii^idi'iiihU- 
hypnisraipif!  wilier ;  wmhiwiiK-iilly  hi^  iKicilH  wurt-  doublless  fairly 
wi-ll  -iiipplit^)  with  till'  npctvi)iary  moisnirc  (H'  mure  im{n>rlan<n?-,  ajj- 
purcutly.  than  tbi.-  (piwtion  of  nKii^tiin- — for  all  soils  possi-.ss  simw? — is 
the  Datun-  of  the  contained  oi^iiio  matliT.  Dr.  Sidney  Martin*  has 
shown  tliiit  iitipoUiiti.-<l  (virj^in)  soils riiv  ininiiud  lo  itii.-  U'phoi<I  Uicilhis, 
n^nllesciif  ihe  amount  of  their  cioutiiinod  oi^iiic  nuitter  of  vegetidde 
<irif;iii,  while  S]HtMnK*ns  coniiiinin)-:  )>olhilii)g  materia]  of  animal  origin 
favor  its  existence.  Such,  after  sterilization,  were  plant<-d  Mieef-s-" fully, 
uimI  it  WHS  learned  tliat,  in  the  (trt-st?nee  of  inoi>ture,  dift'ereuees  in  Icm- 
peniture  hiid  but  little  inlhicnw.  Thus,  the  orpmtsin  lliriviil  alsiut 
t-fjiially  well  when  Hixi^inienf*  were  ki'i>t  at  ilS"  V.,  at  onlinary  i-oom 
leniperatnrv,  and  a«  low  as  .17'  V.  By  no  incitns  the  Iwwi  inlen-^iting 
observation  made  was  with  regaril  to  the  duration  of  viability  of  the 
iHieithis.  In  one  of  the  sterilii^ed  polIut«iI  soils,  llie  orj^iniism  Mtis  .'^lill 
aetivc  at  the  expiration  of  45tj  days;  and  even  then,  after  thorough 
drying  and  pulveriaition,  active  nfWh  emild  be  obtained.  In  iinu- 
pany  with  vatnous  species  of  baeleria,  among  whidi  the  pi-edominaiit 
tcinds  wew  itienilM'rs  of  the  H.  rjiti  fjroup,  it  was  rwovcred  after  50 
days'  exposure  to  telu(>er!ltur^^  ranging  betMeen  ii~°  and  lil"  F. 

Ijnter  ex  peri  men  ts.'  in  whieh  the  typhoid  orpuii^ni  wa.-«  plimted  with 
different  soil  baeteriii,  provitl  that  various  s|ieeies  from  a  partieulur  --oil 
hadihe"p(>werofcom|iletely  exterminating  it  within  a  short  time,  while 
uthcrs  had  no  iuHuciice  whatever.  ThertHore,  it  wonid  apiMiir,  whether 
or  not  the  ivjihoid  oi^inif^m  Kin  e\L>it  in  a  given  soil,  will  de^xud  ii|Kin 
the  kind.-,  of  soil  baeleriiL  presi-ut,  ;l'<  well  us  upon  >|iei'ia]  eonilitious  id' 
teniperaiiire  and  ihimpness.  Dr.  Martin  foiinil  the  jKTiod  of  vitality 
in  un.«lerilized  soil.t  to  be  ahtait  1 2  days,  but  in  ito  eo-se  did  tlw  urgnniMii 
npjK-ar  to  multiply.  He  alleges  two  i-etu-ons  wliy  one  t^annof  exix-et  it  to 
thrive  in  (he  snrfaee  layers  of  .-oil.  The  (ii^t  is  that  the  more  hardy  eolon 
hurilln:!  is  most  eonmionlv  not  to  Ix-  tiuind,  exeeptinji  in  i-ases  ctf  reei-nt 
animal  pollution,  or  present  in  sjKU-se  proportion  ()nly ;  and  this  would 
indient«  tluit  the  surfiK^e  soil  is  nnfavorabh-  to  the  grunth  and  vitality 
of  non-sporing  bacteria  of  intotiiial  orifrin.  The  seeond  reiison  is  the 
fru{iu.-m  presi-mr  of  physitud   eondilions   iuimimi    to   mierot>ial  life, 


'  SWisfhrifl  Itir  HTKtene  iiiitt  liirotUonah runic lioiuti,  XXlV.,  p.  403. 
»  Public  Hdilth,  J,m..  1««.  II.  -i-l. 

*  tUfHin  nf  ]jLtcal  titn-etrmu'TU  Itunrtl,  I89S,  Lontlon,  1899. 

*  Ibiik-iii,  IflOtt,  I.<iniji>n,  IfHll. 
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mif^vUfi    by    llie   cnormnus    |irc|iorKk-nii)(x-    of   B|>orv«   oS  wmbie 

Tho  cffVi-t  nt'  tctii(H-niIiin'  cliiiDp!.-!  tiiiv  In  llii-  |in'*cnrn'  of  nnitiwl  ii* 
crela  inixctl  with  llic  wiil  is  r^liowii  bv  (taoilnor'  to  l>f  wu^cralJe. 
He  intriKliKXMl  oulttirrs  of  x'arioiw  nr^nUnii^  in  wiix-  luisltrts  iiiio  i!ie 
iiiU-riur  of  fMii]M^<t  licHps  of  viiri<iii:>  ('iHn{wifiunii,  wliicli  iMwanir  Itcalnl 
to  ilifTerent  t'Xieiil!*,  and  obwnwi  lliat  the  Imcilli  of  t>-|ilwi<l  ami 
cholera  were  (In-  l(4i.->l  nvii^tjiiit  of  iiU.  With  m))i<l  iiitil  riiiirknl  Wr- 
iii;;,  tliMT  life  wtis  tihort ;  but  it  spprnrs  prolmbiD  tluit  iu  ilio  uti^iit 
of  h<nt,  will  H'ith  rlic  frivcii  Minxxiiidiii^p-,  tln-v  niiiv  liw  ihn>Uj:h 
tlti-  winter,  l.'ntlvr  (hv  ordiiiiinr'  licattii^  thui  iiomimxl  iii  thi'  <x>in]i'<!li 
those  two  or|^iii»nii<  were  <ie8troyed  in  a  wwk,  wliih-  ihv  lix-illa^  «f 
tiilifi'i'iiio-iK  r^^TiiiiiuiI  viriilciil  n  iiiiiiibi-r  of  months. 

Hut  anicle  i'nmi  what  we  glciiii  fnnn  8*'ientilic  n-M'jirrh  with  lie  ;(«- 
v'liU'  orptiii.-'ini^,  wo  know  from  ex jn-ricnw  that  then;  an-  nuiny  jilaM 
with  iKilIiitcd  Boib  where  typhoid  fever  wat  unknown  until  the  ull^w^ 
tntion  of  ii  .lin^lv  msv  froni  without,  and  thiit,  iiAcTM-iird,  fiporndir  <]!<(«, 
fur  which  no  couvincin^j  cxphiniition  is  afTordi'd.  hiivc  occiimil  "l 
viiryinji  iiiU-rvnIrt.  And  in  iviuntn'  di^lri(■^s,  wlto.-k-  inlinliiUiit»  re 
not  nivtn  lo  tnivclliiifi  much  U^^oiid  thi-  cx>nliiit^  of  tlu-ir  la^n^  ii  i» 
notief^l  fi^-ijuently  that  single  itues  occur  iu  the  same  houwlioM  «' 
inteivnls  of  ii  ycai-  or  lonjfcr. 

In  such  eiisefH,  it  seems  hardly  resiHtiuihle  to  wiy  tluit  the  orijpiu! 
(tlsc  liu.-*  I<'l>  niitliin^  iii>  llic  exriliti);  chom-  lor  hiler  attacks,  uiiil  ll»> 
tresh  iiilnHluctions  uf  the  Npccilic  or^ini^ni  niii^t  liiive  «HTiimii  iVmi 
wonic  iniktiown  sourei-,  for  it  is  not  unlikely  thai  llie  varirty  of  oaiili- 
linns  that  afl'tvt  the  viability  of  the  orpuiir^ni  may.  in  Wime  «isiS^  id 
li<  ki'cp  il  alivf,  and,  on  occafiiotiit,  stimulate  it  Into  a  condition  of  ai'l^ 
niciiU'tl  aetivity. 

Cholera, — ('oneeniinK  the  relation  of  this  disease  to  the  m\\,  tluw 
!■  lull  little  lo  Ik-  wiiil.  IVior  to  the  dis<fiv<Ty  of  ihft  spcdfie  iHvniiWHt 
th<'  soil  th<-ory  of  the  origin  of  cpidcmie  oulbrenk^  had  twi-^li-nil^i' 
vogiic;  liiil  now  il  ts  Uiiowii  that,  even  in  tinus  of  gniiti^t  iin'Milii™" 
of  tile  discjiK',  the  or^^aiiisni  liai«  never  bivii  iolind  timlcr  ii.-itiirsl  i""- 
ditions  in  the  floU,  It  can  l>e  k<'pt  alive  under  eeriuin  favomhle  «">• 
dilion^  of  nioisltire  and  W-nt  i'm-  vat%'in^  ]M'riiKl.-<:  bni  nndi^  lutinN 
conditions  it  is  one  of  the  least  ixwistant  bacti-riu  and  tguiekly  di(^<.  ^* 
Imvi-  no  I'viilfiic'i-  ivhalevcr  thiil  cholera  i.'«  a  soil  disease. 

Bubonic  Plague. — ^This  lia-^  been  re^rdt^l  lu  a  Kill  di'iuiso;  ninl  i^ 
has  Ui'ii  iK'liovtrd.  from  tin-  fai-t  thai  rats  have  U-cil  eonsi>ipuous  wik" 
tiins  of  it  in  the  early  »taf{i''«  of  ilr-  dcviisluliiif;  oittbmiki^,  tluit  li«« 
animals  have  acquired  the  infection  in  the  soil,  and  have  bnxi|fU  * 
to  the  nurfat<c,  iirnj  ihiiw  aclci!  tw  ils  mrriii^i.  Hiit  nits  aiv  nolori'WU 
frcipientei-s  of  jd.ices  where  filth  of  all  kimlw  a<vun)u1utes,  :iii<l  tl  if 
not  sintii)fe  that  where  tliey  and  tilth  abound,  they  )>evonie  diiwascd,  if 
the  iiifwtivc  agent  i^  priwnt. 

The  trenienitous  epidemics  that  luive  raged  within  ibe  piLst  few  y«; 
■  '/xitiviiritl  fur  Ujrfivne  unil  [i)rei-tiur»kranklii!iten.  XXVIU.,  p.  I. 
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pro»ci)t«I  iiiiiti<iiiil  ojiiMirtmiititf  lor  cxtcncivp  study,  wliicb  tliiis  far  has 
)iff>ir(l<>ii  no  tvidcnfv  whatever  tliat  tho  dinaHf'  is  roil-lmrnc.  It  bus 
Iki'II  shown,  (jii  tlir  ciiiirnirv,  llmt  liii-  )>hi^ii(-  Inirillu^  (Uk-s  not  long 
sun-ive  iu  the  wil.  YokoU-,'  for  iiirtjinw,  obl:iin«tl  a  number  of  niiw 
Uial  hud  i!ic<I  of  the  disi-jwc,  and  hnriHl  them  in  j^nnli-ii  jitiil  which  \\a* 
kept  well  moii-li'Utd.  At  uborl  iiitcrvaU,  hi'  i^nmviil  tht'in  Miwcssivelv, 
mid  i-xaHiiiu-d  ihein  r-ultnrdlly  and  hv  animal  i-xp«>rimi'ntatioti.  Th*- 
longest  mtcrvai  bctwwn  iuunnt-nt  ami  |in>of  of  wmtiuiittl  virulence 
was  thirty  days,  and  it  was  shown  that  the  hijther  the  temperntiiK'  and 
Hic  more  ni(>i<l  the  dccompotiilion.  ihu  «lM>rt«T  (lie  life  of  Uio  organism. 
The  soil  in  the  immedinti>  vicinity  of  the  animals  prove<I  to  Iw  free 
fniin   tbi'  Ivu'iili. 

Diphtheria. — Although  there  is  no  prtwf  tliiit  tbc  bacillus  of  djpb- 
ihiTin  in  found  cvi>n  wa  iui  occasional  lodgt^r  in  the  soil,  there  is  a  g^'n- 
enil  agreement  tlial  a  cIoh?  i-ounccliou  fxi?t*i  bctwivn  i^oil  diimpniir^  and 
tlif  jin-valcnci-  of  this  di.-e.iw.  It  in  true  thiit  exiwrimt'nt  ha^  dcjiion- 
fitraled  the  viability  of  the  orgaiiii<in  in  nuiiMt  siiil.^  fin-  liinittil  jM-nodn, 
but  it  has  never  bien  found  iu  soils  othtT  than  thot^e  in  which  it  was 
dciMjfittfl  tutculiouully.  Ttio  comnioii  bdicf  i*  that  a  moist  soil  ih  tin 
invariable  concomitant  of  unu'^nal  prevalence,  and  ihiil  iu  timei^  of 
^nmjmiiilivc  fiv-ciloni  fit)ni  the  ili^-tLSi-,  the  soil  is  diy  and  the  level  of 
the  grouTid- waiter  low.  "As  long  n*  the  w>il  is  well  >vasli«l  by  tho 
winter's  high  lidc  and  afn-rwaitls  dried  and  nitrated  during  the  summer's 
low  title,  uU  goc*  well:  but  so  s<x»n  «s  tlicse  siitUary  itiovcmcuts  arc 

■ested  or  tlu-ir  ordi-r  dliturbi-d,  dijthlheria  ]irftvails,  niiching  i(s 
cme  of  prevalence  when  stagnation  at  a  relatively  high  level  is  must 
oomplele."' 

Awonling  to  l>r.  8.  M.  Co|iemiin,*  llien-  apj>eurs  to  be  no  direct 
relation  between  epidemics  and  rise  or  full  of  the  ground-water,  "  pro- 
vidwl  tluit  t.h('  stnu'lnre  .'ind  atmosphere  of  the  I1011M.S  are  not  iifTii-twl. 
Many  districts,  which,  usually  dry,  are  liable  to  ix'wisional  Hoods,  are 
remarkably  fni-  from  the  disi'iise,  so  that  it  Hp[M'iirs  tlial  a  [x-rsisti-iit 
impregriatiou  of  the  soil  with  moisture  is  of  more  imm>rtancc  tlmn 
Huctuations  in  the  height  of  the  gronnd-waler,  particularly  if  these 
have  anv  eonsidenible  ruTige," 

Oppoiicd  to  the  views  above  espressed  are  the  conclusions  based  on 
a  iiHwl  earefnl  and  extensivi-  invcsligalion  by  Dr.  Arthur  Ncw.xliolnie,* 
uf  epidemics  of  diphtheria  in  all  civilized  e<»untries  and  their  incident 
oomlitions  of  raintiill  and  soil  cnoiriUire.  Dr.  Newsholnie's  eminence 
as  a  skilful  interpreter  of  the  value  of  statistics,  and  the  fact  that  no 
fiueh  exhaustive  inijuiry  into  this  question  has  ever  before  been  made, 
enlillr  his  emiclnsions  to  more  than  onlinary  weight.  .Admitting  lluit 
personal  infection  is  the  chief  means  by  which  diphtheria  is  spreail  from 
town  to  town,  nod  from  nnmtry  to  eountry,  Ik*  sumninrin's  hU  i^iser- 


■  CculmlblDtt  frir  Kaktoriologic.  Ablli.  I.,  XXlIUjr.  mm. 

'  NoiicT  mill  Fioh,  TrMiliH!  on  llytricnr,  ISM,  p.  183. 

'  Sit'vfiiMiMi  Hiiil  Miir|ihv,  Tim t  1mm III  llyKiono,  \%9i.  Vol.  [.,  p.  388. 

'  The  Urigiu  ami  t![iiHuJ  uf  l*jTi(lFt[ii<^  l')i]ibtlieriu,  Louilou,  1893. 
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vutiult^  uii  ilic  rt'lutioti  b^twcvn  tninfiitl  and  ground-vrftk-r  nnd  tbetiigia 
til'  epiik-mi^-  tliplithpria  an  folloxvs: 

"  1.  All  ■•|iiili-iiiii-  '>r  ili|i1itliiTiii  ni-vri-  ori^iiuili^,  in  iIk-  towiitvuii} 
cixiiitrioh  in  wliidi  I  liavi-  Uin  able  to  wilUvl  fiiols,  wliiii  llicre  h*i 
Ixrii  II  Hi-ri<s  i>ry«Hr»  In  wliicli  mcli  vuir*!*  raintall  \»  nbove  tbi-aven^ 
aiiiuuut. 

"  2.  An  epitlemic  o(  (lijihthiria  never  originates  <ir  onntinoes  io  i 
wrt  v«ir  (i.  c,  II  joir  in  wliicli  the  Uitiil  iinntml  niiiifull  i*  niiilrrnllr 
alinve  the  nvcniji:!-  uniniint),  iinlciri  jWk  wt  yi^r  tViUou>  »«  tv>i  •* 
niiin-  ilry  yi-iim  iiiitii<iliali-iy  |iri'[tilin^  it. 

"  :t.  Till-  tpidiniiiw  III'  (li|>litlii'm,  for  wliicb  aocurate  datu  un-  tvA- 
nIiIc,  linvc  all  »ri)pjiiit<'d  in  dry  ynint  (f.  r.,  vntm  iu  vliicli  ibr  Mil 
jinniiikl  riiiiitiill  i>  nmtoriiilly  Ik-Ihw  tliu  iivcm^'  iimo«ii)t). 

"A.  Tin- j;ri'ut«it  an<l  most  cxtiusive  i>i)i(ii«iit><  of  iIi|>Urlii>ri«liii)r 
«K'i-iimi.i  «lii-n  tliiTi'  liavi-  lic«'ii  fmir  t>r  tivo  conj^'CHtivv  dn-  yiiiw.llir- 
c)ml<-niic  .hi .met i men  i^turting  neiir  tlie  bt^uning  «f  thi»  Sfrir^,  ai  "'li^ 
tiniui  not  iiiilil  iimr  it"  ond. 

"5.  Piy  yiiini  imply  low  {;niiiii<l-natcr,  nii<l  wc  find,  iIu'oYiot.  iu 
tla-  y<'nr!«  of  (■[>i(lciiii<'  di|>l)llit'i-iii  tluil  tin-  Kniinnl-«iUt'r  i>  cxtviili'iiully 
low.  Tlic  txiul  vuriiitiuni^  in  the  fjnuii id- water  wliicli  most  fiivnr vpi' 
dcmif  dipbtlioriii  raiinot,  witli  tho  diila  to  liand,  iis  vH  hv  Htntiii:  L>ut 
it  in  proljubk-  tliiit  wlitn  lliij^  !;•  rUini-tl  ii[i  it  will  Ixwonii;  elwir  whv  in 
<-xi'i'ptii'iial  y«ii»  wiiioli  have  u  dvficieiil  rainfnil  epidemic  diphtlifrin  i» 
fitlii-r  iiW'iil  or  l)(i(  slifjlit," 

It  lin><  otlcn  In-cn  [toiiilod  out  tliat  lot^il  H>il  i-onditioti*  mai-»if, 
dunipiiiiw  of  Iniltiliitioii.x  I'Viii  in  <lry  yi.'ikr>,  mii-Ii  dunipiuKs, lor  iu^tuun. 
as  olitainK  ill  houses  built  over  wpt  imjicrvioiis  cluyi^,  i-iiiidurc  to  iMl- 
Iwtwlwof  diplitlicriii  in  tin-  lUvi-Ui-r^  i herein  ;  but.  iw  is  well  known,  <iia> 
diinipneiifl  aet-  ay  :i  vi-rj'  inijKirliUil  (k-prci^Kint  of  tlit-  viliil  f«fvWiiiBJ 
prcixiarv  tin-  niiii'ons  nii-nibranes  of  the  respinitory  traet  for  the  fwct- 
able  ri'ivptiun  of  I'iK.fitic  or^ini!^ini>  of  viirimi''  kimU. 

Malaria. — It  has  ev<-r  Imh'u  held  that  the  most  iutimati>  n^nlw* 
exi-its  ktwecn  tliL-  soil  and  innlurin,  ec|i«fially  prondiK-nl  in  dictrli'** 
alHuindiii^  in  nuirHh  land!*.  It  Ii&k  bei-n  iioii<f)l  r<')ki'Utiilty  tlul  id 
malarious  eiiiiiiti-i<'.i  the  uplnriiiiig  and  I'XC'SVation  of  wet  or  ilam[i  -"O 
are  connnonly  followed  by  the  wvhitcikx;  of  the  dit'Ui.-*!.'  iiiiiou^  lli» 
labonTii  so  entpiffed. 

Infection  apj>tm>  lo  lie  esiH-cially  eonimou  nftt-r  Mindowii  ami  al 
ni^ht ;  when'lorc  ilwellerfe  in  phwys  where  the  dii^tiiw  is  rife  Ihivi-IkW 
vtijolntil  to  avoid  goiii}:  about  after  nightfall.  This  is  fxplaiii<'<t  liy  iW 
a»i«um|ttion  lluit  the  ]>oiM^>n,  ro«tdenl  iti  the  noil,  i»  brought  up  inU'li'* 
atmosphere  by  the  soil  air,  which  ris**  toward  evening  by  tnuon  « 
elianKV!*  in  density.  As  to  the  iiiltuenoe  of  the  ri"-  and  &11  ofOT 
level  of  the  Rroiind-%vuter,  tlu'  evidence  is  veri'  ciiiillictiiit;-  '^'"^ 
anlhorilifs  lind  tiial  it  |>1iiys  a  very  im]Hit-tant  iwrt,  i^mie  find  no  i^' 
miflion  wlmU'Vcr,  S«neoftlK»H'  who  ixiTojjnize  tlic  cxinnertiim  asnrt 
tlint  the  disenee  iucreases  as  tlic  level  riw*,  while  otWrs,  uotjtbly  ViifK\ 
have  foiiiid  tlie  relation  to  he  ej£ai;tJy  n'venmxl.     With  tsucli  abMJuldj 
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(■out rail u'toiA-  conclusion!',  ImwwI  oii  obwrvatious  oouducted  lucwtly 
without  systi'm  and  for  short  periods,  il  would  tiwiti  nfiiionnblc  to 
rtini"!  it't;  mallci-  Ji»  nn  ii[<cii  i|ii(-.iti(iii,  witli  tlu'  cIihuocn  iu  favor  of  the 
|>(>!<iiioii  tiikon  bv  those  who  ileiiv  all  ooiineRtion  bftwiHtn  the  disi^isi- 
mill  iiiov(-Mi(-n(.->  of  lh(-  uiili-r  in  llu-  Mtli^oil,  (.-xiTjit  in  sn  far  txa  the 
iiioveiiieut  is  downwurti  by  reasoD  of  soil  diaiuage,  wbcrelty  tlie  .ntirlhije 
layiirs  «re  rendered  dry. 

With  Rfpinl  U)  the  very  coinmoii  ii!f;<ociiitioii  of  the  dii^ease  with 
marshy  localities,  it  fbonld  Im>  said  that  malaria  in  it.-  wor»1  foniii>  i« 
bv  no  mmTii^  rim.'oininoii  in  dtM.Hi;'!*  lliiil  iirc  tiot  (i>  Ijt-  claii^H'd  Ms  wet ; 
and,  funberniore,  that  ilitTc  are  many  and  txtensive  marshes  in  this 
voniitry  nnd  olscwhorc,  in  nn<l  ncnr  whioh  tho  tlL^ioftM'  i»  unknown. 
SHn<ly  soils  ri'Sting  on  wet  cliiy,  and  rocky  solid  in  \vliich  i-onsidend)le 
vokinii'-''  of  wiittT  itri'  lu-lil  in  ti.-vsiiivs,  may  Ih-  (|nit<^'  a--<  nmhu-ions  us 
the  avcni;re  tufirsh. 

The  association  of  malaria  with  mar^heH  and  other  wel  soils,  ibe  fact 
that  brisking  into  and  cKcuvatiiij;  v,\-t  »oiU  Imvc  the  disctutc  a»  u  common 
conseqnem-e,  the  danger  of  t^>ill(;  alKHit  after  siinilowii,  anil  es|Hi'ially 
of  sl<i.-jiint;  out  cil'diMirs  in  mnlurioiis  districts,  and  other  u|i|inreTil  evi- 
denees  of  eani^id  relation  of  thw  soil,  are  all  fompatible  with  the  iheorv 
of  iraiisferreiii^  by  masquiloc),  which  lately  ha.->  en^i^il  tin-  iitleiilion 
of  HO  many  ^cienti^itrt. 

But  if  ihc  soil  have  no  diroet  causal  relation,  how  can  ■mt-  e\|ilain 
the  sn(>|"Wil  intliK-rnv  of  tlic  will  air  at  nijjlit  ?  Very  siinjily.  Ad- 
milting;  tliat  itifi-i-tiuii  i.->  eaiisi'd  most  eorimioidy  at  iiij^ht  or  aftL-r  nnn- 
dowti,  it  i]iuy  be  :[^ldc<l  that  it  is  at  these  times  that  mosqnit<H-s  are 
most  aittive.  Kut,  again,  malariid  )K>ison  is  s:iid  tn  Ix*  eoneentnit<''l  in 
the  lower  stnitn  of  the  atnio^iihen-,  that  is  to  my,  not  nutiiy  feet  from 
the  inKumd,     So.  indeed,  are  mos<]nitofs, 

Il  has  been  sliiliil  timt  snbsnil  dniina^'  bus  converted  vast  tracts 
of  malarir>iis  eoimtvy  into  sidubriims  Girmintr  land  and  sites  ilir 
flourishing  (owns.  Hen^  the  t:roiind-water  level  lias  Ixcti  drjiwii 
down;  how  does  this  affect  mosqnitocs''  By  draining  the  snltsiiil 
we  dnun  the  Mirijiee,  ami  bv  iliaininj;  the  snrliii^  wi-  nihice  the 
op]«>rtunilies  for  mosi|iiit<>-breediiijj;.  Moreover,  the  Miil  is  cleared  up. 
setiUsi  an<l  etiltivateil,  and  eiillivation  ia  incompatible  with  standing 
puddles. 

BelivverK  in  the  soil-malaria  theon-  point  out  that  mosi[nitoe8  are 
diulribnte*!  mncli  more  widely  tluin  nmluriii,  and  ask  wb\  the  hvo  arc 
not  in  this  nwjH'et  in  greater  agreement.  If  it  emild  be  fiikkil  that  the 
original  parasite  i»  diftribiit<.-<l  us  widelv  as  the  mos<|nitii,  and  that  all 
varieties  of  mos<(Hitoes  have  exactly  the  Nitne  cliaracteri'^titw,  or  tliat 
ibcrr-  w  but  mw  spi-eies,  the  (jiutstion  wonld  be  a  difficult  one.  But  wn 
cannot  a-wcil  that  the  |^KiniT<itc  Is  disscniimitc"!  «i  widily,  and  we  know 
llut  ditrert'iil  kinds  of  niosqnitof^  have  very  different  characteristics,  as 
will  be  •ih<iwn  in  tli''  ihiipter  rchtiri'i  thereto. 

Tetanus  and  Malignant  (Edema. — It  U  well  known  that  the 
cH^anisms  of  these  two  diwasej*  an-  Ibnnd  veiy  commonlr  in   most 
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^nk'ti  wiilri,  in  road  diist,  and  lo  mhI  !n  general  which  has  beeo  to- 
rit-hcil  l>y  the  ndditinn  nf  di-n>iii|Nk->iii^  orpiniv  miitlpr.  Bill  in  ppiir 
of  the  (iid  lliiit  o])j)<trltnii(y  f'lr  infection  thr»tt)^i  iibnifioiis  ctil«. mid 
wonmls  uf  the  luiuiLi,  Ini,  inid  ntlu-r  [xinx  is  ii  martcr  of  dailf  >K«iit> 
rciii'i-  wirli  n  Im-p-  i)ni|Mii-ti(in  of  tlit-  |xi>i>k',  thtw;  dLN^-iwoi*  arc  i-»ni{snf 
ttvdy  iiDconiRion.  They  are  nolii-ed  luoM  commoply  ia  au*s  of  ai«s 
iiijiirioi,  siirh  iw  <-otii|MJiiiiil  fnu'tiiww,  and  in  Hliaiu-ring  wixntiln  tiur  t> 
cxidiixivcw. 

An  iiunniml  Dumber  <if  iviih'-i  of  tctntius  ncnurrvd  in  vuriiMin  Ifmiliiics 
ill  tl)i>  ciiiintrv  fullituint;  on  the  niiiiuiil  •Li-tobntioii  of  natiaiul  indr- 
jx'ndem-u  in  IH'Jit.  lu  Nt'w  York  City  llietv  wi-n-  11  ilnill>«  in  * 
^iii);l(' day,  and  in  Ko.it»ii  no  kw  than  t>  on  tlio  Mimt- diiU'.  all  fnllinlii^ 
injiimw  to  thi'  hand  due  to  mniiuti  crackers  niiide,  it  i^i  cLiiniHl.  «iib 
Ditrii^tyeerin  or  aintiii>iiiiuri  jm-rult!  ni'  iiii  i-.x|i1<>»ivc^  (iiniKm-il  uidi 
orditian'  uirtli  i>r  Nind  lis  a  vdilvh'.  Thv  Hniie  ihin^  vra^  i>|iHf\'iiJ  a 
UtUO,  UK)l,and  11)02  Ihroiiglioiit  ihc  Innd.  In  dikii^r,  iltcn-urr^iiii 
]ixM  tliiii)  2t)  iUtilli)>  fix>in  telanuii  durin);  the  twitity  days  fntu  Jiiiir2o 
lo  .Tuly  14,  UHKl,  all  tun  ."t  of  wUieli  v.cw  liumi  wikmid."  fmm  ix|>Iimv» 
in  (Ik-  fimn  of  lilank  «irtri<l;r(>.  lint  examination  of  c-annoti  cmift' 
in  llic-  author'!^  Inlwrnitoiy,  liy  Dr.  D.  II,  Walker,  dikI  of  bbitk  cami'lprt 
and  wiwU.  Iiv  Di-.  H.  (.J.  WciU,'  of  (.'himjK),  (l>r  untlirax  »[ior««,  Iwn' 
yieklwl  alisoliitcly  ne(rati%-e  results ;  and  ii  \t-  nwiwt  likely,  tJicn'fon-,  ibai 
the  infii-liiin  Lh  due  to  the  oi^mi.-nii*  almidy  on  tile  Mirfucx^'  of  the  Jirt* 
hand  of  the  cclchniiit  when  the  accident  (Kx-niv. 

Anthrax. — 'I'lx'  Imeilhis  of  anthrax  liu.«  Im-n  found  in  tW  soil  i^ 
|)nstnnv>  in  whieli  infi-cttxl  Hiiinud«  Imvv  been  conlimtl,  and  tlvcuf  tlui 
nt  oiietinie  that,  lollowuig  the  him'ing  of  animals  dend  with  the  dt 
the  wiil  eniild  be  irifecti*!  tliopounliiy  ihriHiyh  .»|iore  fiimmtiun,  lln 
bcinj:  lu'r>ii)rlit  l'>  the  nurlace  hv  earthworms  there  to  Iw  the  (Ww'iJ 
fresh  inftvtions.  Now,  hcnve\'er,  this  view  is  repirded  as  tu«w 
flinoc  the  s]>ores  are  not  Ibnncd  within  the  [HitrefX'ing  uiixsm, 
(he  Imeillnti  il«'lf  in  soon  deplroyed  in  Ihc  proce«i  of  tlpctimpo«ilioii 
of  the  tissnee.  Thus  when  »  IxhIv  i.^  buried,  tlw-  orpuii^m*  w 
wjou  n?iideiMl  in<-ii|itkb)c  of  reprodnctimi  or  of  eontiniiing  their  ""B 
exisleiin-. 

Tin?  tliiion-  thiU  the  spoiw  im-  bronjrht  to  the  surfece  by  bunowiW 
earthwormi<.  \m^  tleniolii^hed  by  Koeh.*  wh(i<«  ixhk'Iumimm  wi-ro  b(W« 
iijion  tlirei-t  expi'rimeiit,  and  was  abandoned  by  I'arfetir  hiniM-lf,  «u* 
first  sajjf^'slnl  i(  iNttiUi^-  of  limiinp'.ix'nv  in  ih«-  siij>erficiid  layer  of™ 
nt  a  sjMit  where,  two  years  previously,  a  cow,  dcud  of  the  discs.-*,  !>» 
Imvii  Imric^l  iit  n  ilepth  of  <iver  two  mi^i^rs,  a  de|»lh  not  onlicuinl.'^ 
tutelictl  by  cnrthwoniLS  in  their  biirrowin);. 

The«-fiirv,  it  sit-tns  most  likely  that  fn'sh  onlhn'iiks  amonR  nttit 
grnniitt  on  fietil*  where  others  Ikivi-  dic<l  and  have  Ikvh  biirieil  are  do* 
not  to  llie  bnrieil  orfcunis.nn^,  bat  lo  timse  which  in  one  u-ay  or  U' 
other,  from  tlM<  blood  or  (lejeda  of  fonner  iTU^n*,  linvv  Invu  doposili 

>  Utill-iil  Nt'«t,  Jiioo  1,  I90I,  ]>.  R.%4. 
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on  the  Burfaoe.  We  liaw  no  evidenco  whate\'er  that  man  ib  even 
oocu.-iouiilly  iiiti-i-liHl  iliriftly  with  the  (li.si«»'!  ('n>m  the  ^il. 

Epidemic  Diarrhoea. — The  ^rcat  |>rcviik-Deo  of  dtRirhinil  i]i)K-uscs, 
e»|Hfiall_v  iituoii^  vory  young  fthihhvii,  during  (he  bottiT  months  of  the 
y«ir,  liJi!^  lunp  ciipifjitl  the  alU'ritkni  i>f  siiiitiiriHiis  an  «  trcim'M<liiii« 
facior  ill  tlje  alwavM  high  ileath-nite  of  the  firet  age  ixriods;  hut  be- 
yond tJio  ob«.T\aiic<;  of  «  few  eoinotdt-ncts,  no  connection  hiw  bvea 
proved  to  exint  l>etwecii  It  uud  the  hjiI. 

Si>iiie  nothririlie"  liuve  iiilvitncMxl  the  mthtir  mfe  [iro|>OHition  that  im 
iinuiiual  degree  of  oi-ganic  ^HillutiOD,  not  ncctvstiriiy  txerenientiil.  |ir»t>. 
ably  niakc*  u  siiil  timii-  lavorable  to  high  morbidity  and  inortaliiy  fmm 
diarrtitPii,  but  this  Is  a  pnjposition  tluit  is  ofiennl  witti  e(|iifil  or  gniiler 
j*ocurity  in  tlie  ca^  of  any  infective  disease  the  eatise  of  which  ha*  not 
bt-eu  aeeiiRitcly  dcnnonstniteil,  fur  ihe  !(■-■«  we  know  of  a  <<an.'H.-,  the 
greater  the  ditlicully  of  refuting  gi>ituiloU!i  theories  eoneeruinjr  it. 

Il  haji  hivn  notieetl  tluit  the  njiwunl  eurve  of  llii-  diwiuse  diK-n  not 
be^n  until  the  soil  at  a  given  depth  liiw  attiiuicd  nomrwhere  aboiif  a 
piven  lem|KniIure,  ninl  frum  thU  i*  inferrtHl  a  eansal  relation.  But  one 
might  go  turther  and  note  tliat,  at  this  trODirivhiit  iidvutnred  stage  of  tho 
warmer  .•^eii^on,  leiuiin  fruitn  have  just  appeared  in  tlie  market,  or  that 
the  i^(u«on  for  others  hu-s  gone  by,  or  that  eertutn  binN  of  the  «ir  hsvo 
just  liatcbed  their  fir«t  broods,  and  then  with  eqiml  right  discover 
cniiMtlily   in  any  of  lUva:  coineidenei^ 

In  the  investigation  of  milk  supplies  in  single  cases  and  in  groiijw 
of  CMMi*  in  ><ingle  hoUfiehoKIs  ;ind  in  iTii-(itiitions,  various  verj-  virulent 
organisms  liave  Ixvn  found,  inelutliug  B.  ctilerilidin  »porog€nt»;  and 
thix  orguiiu<m  huit  b(<en  niiieh  nought  for  in  tin;  soil. 

The  results  obtained  by  Houston  '  are  thus  far  the  nio'^t  indicative 
of  poMible  ioiplimlioji  of  the  soil.  He  examined  '21  siiniple.'t  of  miil  in 
vjiriou^  conditions  as  to  oipmie  matters,  and  tbimd  that  positive  results 
were  verj'  depiiudeut  U|>on  tin-  nature  iind  i-xloit  of  the  orgnnie  iKtlln- 
tioo.  Se^'cn  wiits,  6  of  whieJi  were  virgin  soils  I'outaining  frum  vei^' 
little  to  mtMlerate  amounts  of  vegf'table  matter,  an<l  the  wveiith  from 
an  unmiinunil  orchiiixl.  gave  ahi^ihilclv  uegiitive  rewilt*.  Three  sup- 
(wiK'dly  virgin,  but  rieh  hi  v^etable  matter,  and  4  iinmanured  orehni-d 
and  garden  soils,  gavi-  vwy  slight  evidence  of  n  jiosiiive  eluinieter; 
ami  the  reiiiHinder,  consisting  of  1  from  an  orchard,  4  from  manured 
gunlens,  and  2  which  had  been  ]>oUuted  cxiensivoly  \vilh  e.vercmentnl 
niatU'W,    vii'ldi-d  the  siMiriw  in  nbnndan<'e. 

It  is  not  unlikely  that  the  infecti\'e  agent,  whatever  ils  origin,  owes 
milch  of  its  di.HM-niiimlion  to  Ix^ing  blown  »bont  in  the  dn.->l  of  tiie  air, 
and  on  thi^  ]H>int  l)r.  E.  W,  Hope'  bus  made  the  interesting  observation 
that,  during  a  ijoriml  of  twenty  years,  at  Liveriiuol,  the  higli<-M  <Ieiilh* 
rale  o<'currMl  in  the  year  whox-  lininmer  had  the  iciist  r.uiithll.  and  the 
lowest  in  that  in  which  the  summer  niin  was  greate-i  in  amount;  and 
that  tlu!  fourii.t-u  yeur!<  wilii  uveruge  dn*  :<nmmer-->,  in  which  tiic  iin^u 

'  l{«i>on  of  XiunX  riDTirnmrm  Riiuril  fov  ItiOy.     Londnii,  lt>V9. 
'  Pullk-  Umlth,  July,  IMW. 
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Jiiuo  t4>  ScptomtHT  niinfiill  WW  10.9  inHic:*,  »v«raf^  about  M  pfT 
ci.-nt.  more  tnorlality  (liiriii);  tlit-  {(lurtor  than  tlip  bix  uvcR^ti-  vtiA  sm- 
ii»-rs  witli  a  mi'iiii  niiiitkll  ol'  i:i.8  iiichi-H  for  tho  w)m-!*j«>iiJiii);  ]i*niid. 
Tlio  oxpliuiiilion  tilltri'*!  U  \\\v  very  pljtii^iUU-  ono,  llml  Ih-jw  rWvrt 
wniih  the  atmosplicw  antl  the  aecuiiiulalious  «('  dust  and  filth  in  ibt 
»trt«-ti«,  cm  nxil'",  and  cW-w  Iw-rt?,  nml  thun  diiniainii  |)m;(Iu.41  MipfiU-.  But 
until  we  have  further  e^'i(le^<.■c  of  ouniiec-liou,  hat^.tX  ii)>uu  actual  'ta\v- 
ligation  and  nut  ii{>oii  cunjcinun-,  wo  cannot  make  any  {KMulivc  iLvcmiia 
of  the  relntiuii  uf  thv  t-i>il  to  ihe  disuMe. 

Goitre, — The  varioiw  theories  wmneding  individual  (vuLMitDcni*  of 
Uif  H)il  witJi  Boilre  Imvc  now  \kvu  woll-nijih  uiiivcrsidly  uIhuhIiidkI. 
(dnoe  no  one  of  them  1ms  lR»eH  found  t»>  Imld  good  in  dilTerHit  loaliliw 
hiivin;;  thi-  siiiiu-  general  M>il  cliumt'ti.-ri.'itiR'.  ThiL-i,  the  niniPH^tiD 
liuicsloDe  iht-ory,  whieli  ni  i«<>me  quarten-  \n  AxW  in  fuvor,  ran  lunllv 
stiind  in  Uie  faivof  the  taei  that.  In  .-wnne  vaM  traett^ofsueh  foniiatidii. 
»•  in  parte  of  New  ^^hIimuI.  fur  iustunMs  the  <lL«<iiw  i>  iinittinilly 
unknown.  Similarly,  the  metallie  sulphides  eeca|»e  eonvietion,  for  in 
diHtriet.'?!  wlirn-  they  uliotnid  exieiiNively,  the  dLo.tti^  may  be  HlK«eu(,  ui"! 
Ui  others  when-  they  iiri'  unknown  it  may  prevail. 

Yellow  Fever,— fondcniiu};  yellow  fever  tn-  a  f*oiI  iHsiaiM',  w*  ess 
only  ;tuy  that  the  evidence  of  eonuL-etion  \t  inirely  oimiinstHnliulii 
mncji  resembles  that  acK-anetxl  in  siipjiort  nf  ihe  theory  as  to  nial 
The  «inie  di^f-trvuf  effwts  of  exwi%iitintf  wet  roWn,  and  I'^jx'ebUy  tl 
in  wbit^h  viotiins  of  epideniim  liave  lain  undisUirl>e<l  Ibr  nmuy  y™i\ 
have  often  l>e**n  re|><>rt<'<]  in  a,  very  geiieml  way  ;  but  one  nmy  w|w*  | 
great  difficult}-  in  attempting  to  loeute  with  geographical  aceui 
MCtie  of  miniy  of  tlie  ni<>.-4  int4>n^ting  and  i^triking  of  th(«<e 
happenings.  While  it  may  Iw  [loswihie  tluit  tlK*  mtil  ofler-  the  can- 
roKiavnco  within  il.-^If  where  viiiiiity  may  he  eoniw'n-ed  ami,  perliijis 
multiplieation  favored — wc  have  «»  yet  no  evidence  b<4iriu^  en 
question. 

Agikintit  the  theory-  of  causal  relnlion  iK-tween  diritnrl)an<:e  of  tlw 
and  iiutbre»k«  of  yellow  fever,  nniny  iti^tauoo^  may  he  cited,  in  "lit 
unibr  iip)«n.'ntly  liivomble  eonditions,  the  neetim^niv  of  the  otio 
not  Ix-eii  fi>ll«we<l  by  tin-  other.     Thus,  iu  I8fl4,  th<'  rtreet^  itf  Jnrll- 
Bonvillo,  l-'bi.,  and  of  Drtmswiek,  Ga.,  were  d«g  up  during  tlic  out 
Minimer;  in  IXHO,  at   Mobile,  .\ la,,  about   \1^  niiW  nf  luiuvdiiit 
Kwrrs  were  laid  rhtring  the  t^nmmer;    between    IS1MI  and    It'iH)  t 
stn-ete  of  New  Orlwiim,  l-i.,  wen-  exiensiveiy  dug  up  in  tin-  ecHirw 
puhlie  inipixiv('ment>,  !in<l  t»  not  one  of  tlieH.-  |>lnoii<  did  the 
iiiullh  apjw-.ir  III  suffer  in  eou£«i{U«-nc«  of  the  exesivations.     ' 
contrarj',  in   New  Orkan.-,  when   it  wuh  vtxiie<l  in  ISHTaud  1$99 
yellow  fever,  the  piirtK  of  the  city  where  the  stnet«  were  dug  Up 
liened  to  be  singularly  free  from  the  di^tti'C. 

As  in  llie  «w  of  mahirta,  tlH-  will  theory  w  giving  way  lo  thtl 
transntiivion  hy  nii>M|nil'>e«. 

Other  Diseases. — With  regard  to  Ibe  ^mneelitin  which  may  esi 
twtwwn  tile  soil  iitid  dyaent«rr.  tcvlet  fever,  and  other  diseases, 
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ceraing  the  oi^nisms  uf  which  we  are  in  the  dark,  it  is  beet  to  admit 
frankly  that  tm  do  not  know,  rather  than  to  make  gunvml  »tal«meut« 
l)ased  ijii  iiiUL);iiiiii;^. 

Oiir  actual  knowledge  of  the  relnlion  of  the  soil  to  dii^etk-te  iimoiinl» 
in  hrief  to  thii^  :  thai  Mirfai-c  iliimpncss  i»  liivrtnildv  U>  the  develop- 
ment of  oenaiii  disc-ases,  jui  rhpiiinatism,  neuralgias,  aud  affections  of 
the  rwpinitory  Inu^t ;  that  <-onit'ruiiig  sume  dL-^-iisos  then'  !»  a  vr«ilth 
of  purely  fiirrumstantial  evidence  ol'  eonnwtion,  opposed  in  each  ciis*? 
hv  evidence  In  the  eoiitrary  ;  that  the  soil  is  (he  home  of  many  »[Kvie« 
of  organimms,  some  of  winch  siiv  |Kitho{r('nii-,  und  oflVrh  iiiKler  certain 
tAvorahle  conditions!  an  at  lea^t  teniporarj'  asylum  to  others ;  but  the 
preponderance  of  evidence  thus  far  giKit  to  tihow  tliiit  under  normal 
conditions  the  soil  is  more  liki-ly  to  jirove  hostile  tliaii  hospitable  to 
mum  uf  the  infective  ugt^'iitc  with  which  we  arc  well  ac4iiiiiiit<.'Ll. 


Examination  of  Soils. 

The  complete  exnmiiiDtion  of  ii  fioii  iiielndes  (^hemicAl,  phy--<iciLl,  and 
bacleriologieul  determimttions,  but  iuasmuch  tv  the  chemictd  analysis, 
bcyiind  the  e,-<iinmlion  of  water  and  organic  nwtler,  is  of  no  esjHH'iiil 
interest  to  the  !runitariun.  th«i]);h  uf  gn^t  importanci-  to  the  agncul- 
lural  chemist,  we  shall,  with  the  exceptions  noted,  conline  ourselves  to 
the  proce»se;f  involved  in  the  phvitieal  and  hm'te-rii'lii(;ical  ttwtn. 

In  taking  samples,  a  place  should  I )e  selected  which  lairly  represents 
the  locality,  and  nndcr  some  cinmiiisliinw*  a  niindn'r  ol'  K|)eciuien£ 
should  he  obtained.  These  may  or  may  not  be  mixed  and  treated 
SK  one.  About  two  [tonndii  of  the  soil  may  be  broken  up  by  being 
passed  through  a  coarse  sieve,  then  t^preiul  out  and  left  for  one  or 
Bt'veml  days  expusnl  to  the  air,  and  to  that  extent  dritn].  Ti>di^ier- 
roine  the  relative  proportion  of  the  gniiii!^  of  thllercnt  sizes,  a  weighed 
unonnt  of  the  samjile  ia  now  passed  through  a  stories  of  sieves  of  varj-- 
ingcoarSiene«",  niaile  of  metiil  or  porcelain  with  circular  open  "inhvm, 
which  in  each  sieve  are  of  uniform  diameter.  Those  usi^d  by  the 
German  »cicnti)'t«  have  ojicniugj'  rt^jRi'tively  J,  I,  2,  4,  and  7  mm.  in 
diameter,  by  means  of  wbich  a  specimen  is  separatwl  into  grains  of  less 
tbsn  ),  fnmi  J  to  1,  from  1  to  2,  frnm  i  to  1,  from  -1  to  T,  .^tid  over  7 
ram.  in  diameter.  Other  sized  ojienings  may  be  used,  but  thi-se  fulfil 
all  n-<(uiivmenls.  Thes[K>cimcn  U  )ul«smI  first  throufrh  tin-  eoarsc.-t  of 
the  set.  and  then,  in  order,  down  to  the  finest.  If  the  parliclcs  adhefc 
6rmly,  the  separation  U  done  l>eftt  with  the  assistance  of  water;  and 
iihould  it  hi-  ne^V-ssary,  a  pt-i»t1e  covered  at  the  working  end  with  rub- 
ber may  also  be  employed.  The  separate  parts  are  then  dried  and 
wcigiiwl,  und  their  rcsjn^ive  uniountv  cx prc.'*scil  in  j)ereenlag«>s  of  the 
whole. 

Till-  fintwt  iiarticles,  that  is,  tlioseof  Iiw<  than  J  mm.,  may  lK-se]Mirated 
still  further  by  the  pii>cci(»  of  washing  lu  an  ehitriuting  apjiaratus,  of 
which  there  are  several  kinds,  none  of  wliich,  however,  gives  reeulfai 
tltat  an  mure   than  appruximntvly  accurate,  «ince  ao  many  different 
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foroM  and  conditions  oom«  into  pl»y  t<>  inflnenoc  tbe  prDowH.     VitJi 
some,  the  eepnralion  is  efi'ertcd  bv  causing  tin-  panicles  to  sotlle  dosti- 
vunl  throui^li  II  voliinio  of  water,  the  liitiviiiHt  oaefi  reaching  (tlii^int- 
icftlly,  Ittit  not  whully  in   pnicticv)  itic   buttoni   fir»l,  wmI  the  liglitM , 
settling  out  last  or  reuinining  a  Inng  time  ia  liUBpensioit. 

Ad  upiMimtuM  of  tliiH  9orI  \»  hIxiwii  tn  Fig.  11^,  which  tvqain»iut' 
explanation.  Another,  know-u  as  Knop's  silt  cylinder,  is  shown  in 
Fig.  19.  This  i)t  a  v^'limlor  cArrying  InUiml  ttibm  fitKtl  wilb  .'>M[Kii''ki, 
situated  at  «iuiil  diatanoea  (10  cm.)  apart.  The  simple  is  plaiwi  io 
lii«  cylinder,  whieh  in  tlien  HlU>d  with  water  and  well  shaken.  Afteri 
piven  time  the  uppiT  stopcock  is  opened  and  tlw  water  :ilKiVf  it  w  ilia«Ti 
ofiT.     Then   aAer  the   lagwie  of  another  interval,  the  eecoiid  is  uikoA 
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and  next,  in  the  isame  way,  tlio  third.     The  prvcess  is  rejteitt^tl  o'lti 
llie  wnah  water  comes  away  eh«r,  then  the  lowest  tube  is  opentd, : 
tbe  r*-<t  of  (he  water  above  t(w   refnaiiiinp  material  drawn  off. 
different  ptirliotts  may  tiieu  be  colleetcd,  dried,  ai>d  neighed,  awl| 
rotative  projtortiouiii  expivMiil  il<  iK'forv  in  |>crcoii(uge!i.     Or  the  i 
may  Iw  dried  aw)  wetplied  and  the  n>nuiiiider  etttimatcd  by  iliOV'rmn- 

Bv  another  methoil.  tbe  waiihing  is  carried  out  by  means  of  an  of 
warn  flow  of  water  in  u  omicnl   vi^m<>I,  at  the  IxHinm  of  wiiic-h  th 
mrnple  is  pinnxl.     The  water,  <lelivcretl  through  a  tube  rencliine 
BMir  the  iKvttom  of  the  vessel,  wrries  the  lightiT  iiin-r  )Kini<Oe-'  tipwun 
and  out  tlirongh  the  exit  tube  nivr  the  top.     8ucb  an  np]Minitus,  ku 
as  Si'hiiltr'*.  is  sbi)wn  in  Fifj.  2(t. 

Poro-volume. — The   pore-volume    is  determined    very   simpler 
adding  lo  a  voluuw  ut  water  in  a  gradiiikictl  cylinder  a  known  voluo 
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of  soil  in  tJifi  dry  etato,  and  iiotiDf;  the  Ueight  to  which  tho  wat*T 

rises.     It.  fur   iiistuiK'f,  ti)  ii  littT  Jar  tM>n(uining   wntcr  up   to    llm 

600  oc,  roark,  we  add  500  cc.  of  driwl  soil 

iu  a«  n<.':irly  zm  \wiifihh  it^  niituiiJ  aiaU'  uf 

compactness,  aud  observe  thut  Uic  Icvid  of 

thf  wattT  i.*  in  coiKw-qiiencf    raUod   to   thft 

850  cc.   murk,  it  i'uthmri  Ihjit  the  inorwu?*, 

350  w-,  n-jiri'spnlK  the  aetiial   hulk  of  the 

6oil  grains,  and  thut  llic  dilTereiiw  Ik'Iwwh 

this  and  the  vohinie  occupied  originally  by 

the  wimi>to  (500  cc),  tlmt  it*  to  say.  ISO  a*., 

represents   the  amount  of  interstitial    space 

fillitl   with  liir.     Thmi,  sinw  MO  cf.  of  noil 

contains    150   cc.   of   air   Hpsuv,   it   folluvnt 

that  the  pore-vohimo  of   the   sample   la   x 

in  the  wiuation  500  :  150  : :  100  ix,  or  30 

per  cent. 

Ill  outer  to  «ppn>xiiiiiit<.'  more  oloi<i0y  the 
natural  condition  of  comp-ietness,  the  sample 
may  lie  lak<m  from  thv  soil  by  mcAn^  of  a 
metallic  cylinder  with  a  cutting  edge.  It 
is  then  driwl  in  order  to  i'xjk-I  the  contiiiiiwl  j^huUrt  cium.iiDE  .pp.r.iu.. 
water,  which  otlierwiw  would  eonstitutc  u 
soiiree  of  error,  and  is  tlien  ailded  to  tlie  water  in  the  lit*r  jar  as  liefore. 

Permeability  to  Air. — Permenbility  to  air  may  he  determined  by 
forcing  mwisnriil  vohmiiLt  of  air  under  constant  pn'-ssure  through  a 
cylinder  chwely  psieked  with  the  sample,  and  notiuj;  the  amount  which 
is  delivered  dnring  any  given  unit  of  lime.  In  making  comparison 
tc»t<t  between  ditlijront  soils,  the  wimc  conditions  must  be  observed  iu 
every  case^;  that  is  to  say,  the  length  of  the  column  of  soil  in  the  cyl- 
inder, the  pn-ssuri'  wnplovtti,  and  the  unit  or  time.  A  still  fiiTtlnT 
ooudittou  which  i-hould  bo  ohftervwi.  biit  which  is  commonly  disre- 
garded, is  the  t*'m|»emtiin'  of  tht-  air,  for,  a.*  is  the  eiLse  with  liijuiils, 
llic  viwosity  of  gases  varies  with  change  in  temperature,  though  not 
in  the  same  direction.  The  viscosity  of  liijnids  is  incriiisetl  with  dimin- 
ishiil  h-niiiertitiiri-,  whcrtsis  in  the  cjise  of  gases  the  reverse  Is  true, 
l*isregTH-d  of  lIiLs  fact  leads  to  important  degrees  of  error. 

The  ap{ianUns  for  ibis  dctcrmi nation,  shown  in  Fig.  21,  c.nnpris*"« 
u  ga«-hoidcr  (.1),  a  gns-metLT  (Ii),  and  a  cylinder  {C)  provided  with  a 
manometer  (!>).  For  the  pur])iM!i;  of  keeping  the  sfiil  in  position, 
lightly  filting  jK.Tf"in>tetl  disks  (Eaml  F)  of  metallic  gauz«  arc  intro- 
duced into  the  cylinder  at  Urth  ends  of  the  eolunin  of  soil. 

In  (he  pnpanition  of  tlvc  cylinder,  the  disk  F  w  first  iutroduceil,  ai>d 
tiieu  the  soil  in  added  a  little  at  a  time,  aud  made  as  oom]iact  as  pos- 
sible by  striking  ihi-  lower  enil  of  the  cylinder  downwanl  with  reason- 
able fonv  agninst  the  table.  When  the  desired  length  of  column  has 
been  reached,  the  di^k  E  is  intHMhitt-d,  iK'twiru  whidi  .iml  the  inlet 
end  ((r)  an  air  spuoe  of  sufScii-ut  size  is  left  to  insure  uniform  pressure 
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utpiiiiHt  ttii-  entire  mrfacc  of  tlll^  dit«k.     Tlio  inlcit  end  in  closed  b^' 
metn.'^  iif  a  tightly  fitting  niUxT  stnpfMT  Iiiivin(j  two  ]>crfi>nilioni«,  one 
cit'  whioh  i-jirric!*  ilic  iiili-l  tube  from  tlic  (^'as-nu-ter,  ami  tht  otbtT  ibt- 
manomt'tcr  mdicuting  the  prcisnrw  wiiiiloyi-d. 

Tln'  iiiv-->!*iin-  i«  olitnined  by  mcaiw  of  a  culumii  of  water  coniinitni- 
ciiliii)^  with  the  <;lmnibi.'r  (.if  llic  gitn-hoUIcT,  wliioli  in  cmiinvUKl  by  a 
rubbiT  tube  with  (be  inlet  of  the  meter ;  and  it  \s  n^gukted  by  a  Ecrew 

Pio.21. 


Apparalua  (br  detennlnntloD  of  penniwbltltx  of  nU  to  atr. 


pinchcock  on  the  ontlot  tulM-  of  thi-  I.i)t«-r.     Tlit-  forrc  is  applied.  tHe" 
nfldiiig  of  tbf  nii'trr  ii«  n<>te*l,  and  at  the  cxpimtiun  of  the  niiit  of  time, 
one,  five,  or  whatever  number  of  minutes  it  may  be,  the  reading  of  the 
meter  is  taltcn  apain. 

Permeability  to  Water. — The  permeability  of  a  soil  to  water  is 
expressed  in  terms  indieiiiing  the  nniiitint  of  watt-r  yrbieh  will  pni* 
firom  above  downward  through  a  column  of  saturated  soil  during  any 
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mit  of  time  UDrlcr  n  given  pn>K4un'.  Thc!  nppamtuH  for  this 
nation,  fliown  in  Fig.  22,  vntifiistt;  i>f"  ii  metallic  fyliii'lcr  (^4) 
perlomte*!  or  gniixe  Itottom  \nx  whivh  ihv  .tain])!!'  "f  Miil  in  jhickmI 
lUtl  ntiollx-r  cyliruk-r  [H],  ItkewiNr  (if  nictitl,  jtroviditl  witli  ii 
^if  mitlct  tubes  (c),  at  regular  intervals,  prcfpiiibly  of  o  ur 
KTIm'  lower  ond  of  H  6u*  tijriitly  into  the  iijipcr  end  of  .1,  and 
n  U  miidv  imiK-rviinis  to  water  hy  mamt^  of  lollieifivc  jilikHtcr, 
■wax,  or  other  ^uitaUle  materiiil.  The  aoil  nicliin  the  lower 
r  in  kept  in  pliKV,  utid  itM  snrfuve  kept  iiiluvt,  by  invalid  of  a 
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riii.iri  iif  iH-rmtistilllty  ufaotltD  v>tct. 

«)  disk  of  gatuie  or  coame  cloth.  The  outlet  tnbi'^  provicU.'d 
t,  8«rv«  to  niatutjun  n  (^>ii«tant  level,  mid,  therefore,  a  constant 
»of  water  iw  desired.  Water  is  admitted  in  a  ooii^tant  slream 
EfliiKler  through  it.-  tipix-r  itid,  by  iiUTtiiis  of  a  rubber  tube  oou- 
Wtth  a  wilier  fuuet^l.  If  it  be  desire<)  to  employ  tike  highest 
V  o4)taitial)le  with  the  a]i])KnitUH,  all  the  iiirki'  of  the  outlet  IuIhm, 
tlie  iipjMT  one,  iin;  kept  in  pliiec.  In  tJiis  ease,  the  pressure 
W  rxpH'-ifiod  by  the  di^^tanee  liciween  the  top  of  tbv  i*oil  under 
»tioa  and  ibu  up[M-riuiMi  outlet,  Ihruugb  nbicb   the  excess  of 
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vaU:T  frnm  tli«  faucet  is  alhiwod  to  escape,  by  war  of  a  rulilH-r  Inbt 
leading  to  a  «iiik.  Siinilnrly.iinv  otUur  lieiglit  niiti  pntssiin  nuiy  In 
employed  Iiy  removing  tlio  writ  of  the  correspundinp  oulirt,  v/\iA 
tliuf  ix'ciimcn  the  ctlliK'iit.  Wlmti-v<T  tlit*  lioi^Iit  niuiniaiuc^l,  it  b 
nocc&wry  to  keep  tlie  deliver^'  imkI  of  tlie  inlet  tubo  btlow  tliL>  ourtiitv 

of  tlu>  WIlttT 

TLe  prowf*  in  ax  follows  :  Hjiviiip  cliu««n  \\w  prcssuw  and  iuljrii*J 
the  waste  tube  to  the  proper  outlet,  the  water  i§  allowed  to  run  in  wid 
foiXT  ilH  wtiy  down  tliroUfih  the  noil  inttil  the  Imter  iH^inien  Hatunlcd. 
In  order  to  intiiire  complete  »<!it  unit  ion,  it  \^  bcj-t,  huwever,  t"  iininiix 
the  soil  cyliiid<-r,  in  oiiK-r  (Iml.  all  ihi-  iiir  nmy  thrrcby  Ix;  disjilaBJ 
upwurd.  When  this  lia«  Itoen  iiceoni]>li»lii'd  «n<I  uiiter  In'^nc  Id  run 
or  drip  through  the  gaim<  bottom,  the  time  in  nott-d,  and  the  dischar^ 
wutcr  i»  rwvive<i  in  a  wiiitubic  jirmhiale.  At  the  expiration  i>rdipiinit 
of  time,  the  latter  is  removed  nod  it^  eonteniM  nx^f^ured.  The  nyn- 
mcnt  m«y  bo  rttjKated  us  oflen  as  may  »wm  lulviNible,  and  llw  iflcrt* 
of  varj'ing  pn«sures  nniy  also  be  determined. 

Water  Capacity- — Tlie  jM.wer  (o  imtd  water  bi'  drtcnniu«l  bjr 
meann  of  »  nK-IalHe  cylinder  uf  known  rapacity  with  a  jpinro  IkiHoid- 
This  is  weiphwl,  then  lilled  with  the  dried  simple,  and  again  weietit^L 
Tlir  soil  next  \a  K^turiicfl  (Minpletely  by  immor»i(in  of  the  cylniiiw 
in  water,  mid  then  it  iit  allowed  to  drain  as  long  as  water  cotilinur*  U 
escape.  When  the  watirr  cch.w:'  to  drain  away,  tlie  cj-linder  iimpf^ 
dry  ontMdOf  and  the  weight  of  the  whole  iti  taken  again.  The  iocMW 
in  weight  is  the  aniiimit  of  water  iieliiiiiwl,  and  it  may  be  stawl  if 
peni'«t:i(ie  of  tlie  [wre-volumc,  wliich  should  have  becii  dcterniim*! 
previom-ly, 

Capillarity. — The  height  to  which  wntcr  will  rbc  in  n  eohiian  <i 
Noil  by  cH)>ilhin>'  nttnic-tion  w  determined  by  packing  tbe  sample  ti^lillv 
uito  a  gradnatiHl  giajw  tube,  the  lower  often  end  of  whirh  is  iwverwl 
with  coar^'  linen  lietl  .-Ht-nrely  on,  ko  as  not  to  slip.  The  lube  ii"  ^ 
ported  with  its  cloth-covered  end  resting  in  a  iihallow  dish  fillwl  mtb 
water,  whieh  U  kepi  nl  eontitant  level,  llie  blight  lo  which  tlie  watrt 
rise)'  thiMiigh  the  eobiniii  of  soil  is  noted  from  time  to  time,  until  axent 
ceiLtes.  The  change  in  the  color  of  the  Mul,  due  to  wetting,  indicaltf 
\\w  progreiw  of  the  netion. 

Moisture. — The  amount  of  moisture  in  a  soil  in  determined  miM 
aii-iimiely  by  taking  a  sample  in  itii  natural  ivindilton,  by  ntuuisi 
tnifw  eyiinder  with  n  cutting  edge,  weijjhing  a  portion  of  it,  ami  I 
drying  it  in  an  air  Iwith  at  10.^*  ('.  imtil  it  erast^i  to  lose 
The  dirtV-rence  l>etw(-en  the  original  and  final  weighings  represents 
amotmt  of  wnU'r  in  the  given  weight  of  soil.  If  it  ii*  dcsiml  to 
tbe  snionnt  of  wiiter  whieh  tbe  s.ime  .«nil  will  absorli  from  a  i»ta: 
ainioHpliiHTe,  the  thoroughly  dry  wiinjilc  may  next  be  placed  with  a  tiiJi 
of  water  under  a  U'l]-glii.t<.  The  confined  :iir  will  beoonM-  KituniU'l 
with  atim-on^  vapor  in  i\  f\\oTi  time,  and  tbix  will  be  absorlwd  by  tlit 
M>il  np  to  the  limit  of  its  euiiacity,  which  is  shown  wben  itci  weight 

longer  OOOUnuC  to  ii;r-i'i-:i-a'. 
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Thp  hyprrnwopic  moisture  nf  h  »wil  may  Iw  (1«tcrmin«]  roii|j;hl_v  by 
air-<ir\-ing  a  sample  ami  then  taking  a  kiicwn  woi^ht  nf  il  iind  Ix-ating 
it  ill  an  air-lKitli  »t.  lO.'i'^  O.;  or  hy  cxih),*!!!!;  it  t^i  ii  'irv  atin'mplinv  in 
a  bell-gla>))<  cvtntaiuing  an  open  dish  of  concentrated  aiilphiirie  aoid, 
iinitl  it  ci'n.'iiw  to  liwi-  wc-iglit. 

Organie  and  Volatile  Matters. — Since  it  is  iDi]>osgil]le  to  dotrr- 

niine  hv  nrdinarv  jinxTssi'H  thi'  exaet  anmunt  of  orpinie  iiiatler  pn?^>nt 
in  any  soil,  it  is  neee>«iry  t"  d(wif;ri:iW  llif  diitiiriiiti'in  in  weijjlit  which 
lurs  on  siibjeeting  a  sample  to  i-neh  a  heat  as  will  bum  off  the 
nic  matter,  und  whieh   ri-prr?u-iiU  other  l'itwiv>  than  (he  liiit<-i-,  a;* 

loss  on  ignition"  or  "oi^inic  and  other  volatile  matter."  For  this 
detcrmirmtiiin,  ihi-  soil  which  Ha:"  u>ed  for  thi'  a-tinialion  of  moisinre, 
or  another  sample,  thoroughly  dried,  may  lie  plaeofi  in  a  plnliniim  dish 
and  heated  over  a  Run^en  flame  at  no  higlier  temperature  than  is  snffi- 
ncnt  to  keep  the  dish  at  a  dull-n'<i  h«it.  Whwi  all  tin-  nrpinie  rmilter 
has  been  destroyed,  t)te  residue  is  allowed  to  cool,  and  is  then  moistened 
with  a  little  saluniletl  solution  of  nirhoEiato  nf  anunoninni,  in  order  to 
restore  the  carbon  dioxide  that  ljeIon(js  to  the  iuorjranie  CKtnsiituents,  then 
drieti  and  gently  iguili-d  to  es|>el  the  exe<\(«  of  ammonia,  and  finally 
wciKhetl.  The  loss  represents  organic  matter,  nirimoninni  sjilts,  nitrates, 
water  of  cryatidlization,  ete, 

Determinatioii  of  CO,  in  Soil  Air. — The  imalysiK  nf  soil  nir  i.s 
conducte"!  upon  llie  i:ime  priiiei|»les  ils  that  of  ojilinnrv  air,  but  the 
method  «>mp]oywl  i.-*  iKi'e.isarily  diflV^rent  so  far  a.-*  the  obtaining  ami 
handling  of  the  sample  are  eoncerned.  The  reagents  are  the  fame  as 
reipiinx)  in  iho  aniilvHiM  of  iitmiis]>lieri<r  air ;  th«  apjiaratu^,  however,  ht 
quite  diHerent,  It  wmsists  of  :i  nnmljer  of  sections  of  water-pipe 
mth  screw  joint.-*,  one  hiiviug  a  [Siinled  fool,  aliove  whieh  are  a  miniber 
uf  perforations  within  a  limited  area;  an  absoq>tioii  tiilx',  in  which  the 
barium  hydrate  .dilution  is  held  and  through  which  the  air  Is  drawn, 
and  an  nupinitor,     (See  Fie-  -^•) 

The  section  with  the  (winted  end  is  driven  into  tJie  aoil,  and  the  ]>ipe  is 
lengthened  hy  thciid<Iiiionof  the  other  scrlions,  sotliat  iiiiy  il<->tnil  depth 
may  he  reached,  and  thus  the  air  of  any  stratum  may  be  withdrawn.  The 
upper  extremity  i.s  nonmH-toiI  by  a  rubber  tube  with  the  inlel  liibe  of 
llic  alworption  ap[Ninitiis,  winch  latter  may  be  a  plain  glass  tiiln-  ainut 
an  inch  in  diameter  with  a  l>t>nd  of  .ilmul  !;{(>  tli'jrri-es  near  one  end. 
Bt'iler,  howfviT,  i.i  the  ajipiirjitu)<  shown  iu  the  lUuvt ration.  Here  the 
nhort  leg  of  the  bent  tube  is  a  large  bulb,  and  th«  long  l<^  is  a  series 
of  small  bulbs,  the  eommnni<^;ilion;c  Ix'twtvn  which  are  of  simdl  diame- 
ter. In  either  case  the  inlet  tnlw  jms*e^  through  a  tightly  lilting 
rubber  stopper  and  extends  to  a  point  yiM  iHyond  the  bend.  The 
other  end  of  this  appunitiis  is  conneotc«l  by  means  of  a  rnbljcr  UiUl-  with 
the  iidct  of  the  aspirator.  Any  form  of  aspirator  may  Iw  used,  Imt 
preferably  one  of  a  ciiiwu-ity  of  alwnl  twenty  litcrn.  A  mwmiin'd 
nmoimt  of  the  illliite  solution  of  barium  hydrate,  sufficient  to  occupy 
the  greater  jxirl  of  the  htnj^  h^,  is  intiodnci-d  into  the  absorption  apjn- 
mtus,  and  the  connections  throughout  are  tested  to  prove  the  abwHKC 
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of  Irak.t.  When  llic  nmlot  rock  of  tin-  nspiralnr  in  nppn«I,  the  escape 
of  till-  coutHiiicd  WHtcr  i-rrat*'?'  ii  purtiul  vacuum,  which  U  irlii-vttl  by 
suction  of  air  from  thf  soil  au<l  tlimiigh  the  whole  appunitus.  As  the 
nir  i-iiiorirt^  from  the  iiilt-t  IoIk-  "f  the  nl)i«>rp(ion  itp]uirHtiit>,  it  |M.<Mr 
iipwiinl  ill  the  form  of  biibblt'.u  through  the  na^ii,  lo  uhirfa  it  <;ivo 
ii[i  it.-  c'oiili-iit.  of  C<),.  Thi-  niLMiii  for  pn-fi-rriiip  the  IiiiDm^I  tiil»-  i- 
tiiut  vach  liubblo  of  air  iu  its  pusKigr  from  oac  bulb  t*>  (ho  next  abuvr 
is  neoeftsarily  bmnglit  iiil4i  more  intiimiU*  and  prohmgcil  conlact  with 
tlic  rMgvnt  tlum  is  the  cn»«  when  (he  pUin  beut  tube  i»  cmplo^til,  (or 
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here  the  air  bubble*  jmss  quickly  along  the  upper  inner  surfaoe  of  the 
tube,  and  are  not  so  exiww*!  to  iii«  reagent  as  to  low  all  the  coiitaini-d 
CO  .  For  this  rea-^on,  it  is  neee»«ar>'  to  dniw  the  air  through  a  seoond, 
and,  perhaps,  a  geri*»  of  such  tubes,  but  one  bulbed  tube  a*  piciuied 
aliove  is  suf1ii-i<-nt. 

The  water  fn)m  On'  atpirator  is  mea^uretl  ean-fully,  and  ita  amount 
iodii-iIcA  the  volume  of  air  thai  h:i>  tieen  suckeil  up  out  of  thi-  su^il  to 
take  ilc  plaee,  When  the  de-ire*!  lunount  hiiJ'  bwn  ncted  upon,  th« 
fftopcncb  of  the  aspirator  is  dosed,  and  the  reagent  iu  the  alx*orptioD 
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tube  in  tnui.-'ti'rn'd  quickly  tit  a  glA»M^l4)p)x>r(tl  l)OttU>  of  «iiital>lc  :•!»!. 
Fmm  this  [miut,  th<r  ilottrmiiiiitiuii  is  the  siune  as  de^vribixl  in  Hk  t-liapter 
on  Air, 

Bacteriological  Esamisatlon  of  SolL 

The  bacteriological  examitiatiori  of  the  soil  requires  iieccwarily  an 
iTilimiitv  «C(iimiiitan«(  with  bm-iiTiolngiisil  itvlinifjiif,  a  siihji-ct  Ih-voikI 
the  scope  of  this  work,  ll  niiiy  U-  i^tutcd  brJcrty  thiit  many  i if  the 
orf^iiiiMns  liuit  ii)liiiiiit  the  »iiil  niity  be  i»<)).-Util  by  adtling  small  por- 
tioae  of  the  silled  Niniple  to  liqiictidl  gcliiliii  iind  thi-u  |)liiliiip^,  or  by 
^rinkliiig  over  ttio  .lurliiif  of  ii  iiiilri<-iil  uicdiiirn,  nr  by  4mking  witli 
<)i»til](.Hl  water  iind  transferring  thence  to  the  proper  nie<liii. 

The  many  aniiPmliic  fnrni^  rHjuire,  of  course,  tlie  t<|)ecial  treatment 
<if  their  clsws.  and  j^>mc  of  them  may  be  prown  on  nrdiimry  cidliirc 
media  ;  but  many  of  the  waprophytes,  notably  the  nitrifying  organisms, 
cannot  be  i.«i>hit<^<l  by  the  ordinarj-  uirtliod;^.  For  the  ilctjiils  invulvcil 
in  the  separation  and  identitication  of  the  numerous  varieties  of  soil 
organi^m^,  the  rwder  ii<  refcrrcil  to  ttiu  staudard  works  on  becteriolt^. 


&I 


CHAPTKR   IV. 


WATER. 

Abwihtei.y  pure  water,  that  is,  the  substance  compoewl  wliollyof 
hyilr(it;vii  iimi  oxyj^cii,  iiix)  rcpm^-iitk-d  Uy  llie  symlml  H,().  i-  De^■fr 
fuuutl  in  uaturc,  atid  i^^  iiL-vcr  M-en,  uxcpjit  in  famuli  utii«>tiiit»  ii>'  n  ItilNin- 
Ic^iry  curiosity.  Id  the  broad  wniw,  however,  the  word  ftur*  >§  qiplird 
t(i  wiitcr  coiiVfj'B  tbf  idiii  of  fninloni  from  huntifiil  iii^nilii-iirK  »nil  nf 
wbiiltwiimwjeriii  and  suitability  for  driukin^  and  tor  tbe  prtjiaratifn  «( 
llxjti.  In  niiturv,  nil  wnlii-  (nmtiiius  mon-  nr  Ii-.^ji  of  gsMoiD)  nml  silid 
hubstaiiw»i  in  solution  and  suspension,  and  so  long  as  thwi-  atv  nol 
prtwi-nt  ill  such  aniouiitj^  om  to  affect  tlie  quality  injnrioutily,  and  w  Ici^ 
as  they  an?  not  intrin^icidly  <ljmp(.'rou»  to  licultli,  (In-  adjortivt  It  rom- 
munly  bcJd  to  In-  ii|ipriij>riate.  But  in  die  senw  tliai  purity  iinTh'w 
tbe  limitation  of  th«  lunonut  of  contiiinctl  Mib>1un<H.T'  of  a  hamili^ 
naturo,  it  becnnits  a  dilbcult  qiieHiion  where  to  draw  the  line  wbere 
water  coweit  to  be  pure,  and  wlmt  term  to  i>])p)y  <»  nil  nntoflyni.  In 
ibc  sense  lliat  it  involves  complete  abtteuce  nf  inatters  intrinnifallv 
dnnjrcTou*.  the  liin:  win  be  )^haq)ly  drawn,  ami  water  which  lail*  to 
satinty  the  requirementtt  of  the  term  may  be  designated  iudtfft-nnillv » 
impure,  pulUikxl,  or  ci>ntaniinati-<l. 

In  the  olajwio  re[x>ni-  of  the  State  Buiird  of  Hettlth  of  Mu*«i("liurtfl* 
on  public  wntor  Mipplio,  ualers  arc  clasced  aw  "  normal  "  or  "  pollulol 
according  :ls  they  art'  or  lire  not  free  fnjni  dircrl  or  intlim-l  piUiitlOB 
by  the  wa^xe  products  of  human  life  and  indn-itry.  I'uder  tlii"  <la»i- 
licutiun  it  followi;,  uuturutly,  that  nonnul  watrr.-'  nlll^t  vary  ven^  v'Mj 
in  ajipeonuioe,  oomposition,  and  general  cbaracter,  and  that  a  uonnal 
witler  in  not  ueeeitsurily  snihiblc  for  dnnking,  ulrbotijch  iurapahlf  "l 
pausing  s|xN^-ifiL-  di'M?at*'.  Tbe  nature  and  ami^iint  of  llie  dis^'lviJ 
ninttcrs  cannot  but  have  ccmsidemble  influence  in  modifying  the  fKf 
erties  and  cIIVtIs  of  a  wiitcr. 

Waters  may  lie  classiti«l  ueeonling  to  source  att  followa : 

1.  [tain  and  i-inivr. 

2.  Surfaoe-water  ( rivers,  ponds,  basins,  etc). 
:t.  <imiiii<l-wati'r  |»l.->»  known  an  j<ub»oil -water). 
4.  Artc-i^ian  or  deep  wcll-u'nter. 


BAIN. 

Rain  i>  the  original  oouree  of  nil  n:itiim1  waters  of  witateve 
It  results  from  condensation  of  the  a<jiieoii!^  vapor  of  the  atmo^plH-i 
and  in  its  descent  to  the  eailh  it  lake^  tip  fnv'oouit  and  siisjiended  nui 
ten  from  the  atni<v>plierc,  wliieh  to  (bat  extent  becomes  thereby  put 
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fied.  In  tbe  open  cnuntn-,  after  the.  air  has  l>een  washed  for  a  wliUe, 
ttic  tiilk-cttxl  ntiti  !.«  wtv  (.'luin,  iind  in,  in  i'm%  the  |iiiri-st.  rnrrn  ol'  imi- 
ural  watvr.  If  its  fall  is  acconipaiiied  bv  wluil  fmta  dusn'  localitiee, 
It  vtiiinot  \h.i  obuiiicd  in  ><<>  cUwi  n  ounAition  witliin  no  ^hort  a  tiiiif,  on 
account  of  tile  prcaU-r  imioiiut  of  siisjicndcd  iimtttTS  to  be  ivinslu-d  down. 
Ncjir  l\w  >H'ti,  it  ofnitain-H  mun-  or  h'Sn  Hult ;  and  in  cities  and  lai^e  towns, 
it  may  have  a  sliphtly  acid  R-actiun. 

In  its  passagi'  iJownwai-d  ilirongh  the  atraoHpliore,  rain  absorbs  con- 
siderable air,  or,  more  priiiK-rly.tyniotilnnit.s  of  nir ;  that  i;*,  oxygon,  nitro- 
gen, carbon  dioxide,  and  ninmonia  eom{Hiiind»i.  Since  Ciieh  gsii-  lia^  ib< 
own  eoetlie-ieiit  of  :<ohd)ility  in  vvater,  and  a-f  air  is  u  mixtiiri!  and  not 
a  chemical  union  of  gases,  it  follow*  tliat  wsiter  will  nbr^orb  tlie  con- 
Mitiienl^  of  air  iseiwraU-ly  and  iKVording  to  tlifir  resi>pctive  i«>lubilitie«. 
So  it  happens  that  the  alworbttl  air  has  u  vcrj-  difren-iit  coinjKwitiou 
from  that  of  atmospheric  air,  being  mnch  richer  in  oxyge^n  and  jHwrer 
in  nitnigen,  it»  oxyp-n  content  being  '•^■>  iTi^tuul  nf  21  per  oeut.  On 
rtaiching  the  earth,  some  of  the  ruin  is  evaporated,  some  sinks  into 
tlic  soil,  and  some  runs  over  iho  i«url'mH;  U'  strwuuN  or  other  bodi^-it 
of  water.  The  amount  that  sinks  into  tlie  soil  dejiends  upon  the 
{H'nni'ubiiitv  of  the  liitter  In  \val<T.  Thus,  a  xandy  or  gravellv  Miil  will 
take  up  more  of  the  ruinlall  than  a  close-grained  elay.  The  amount 
whidi  is  returned  to  the  atinnspheit'  by  ovajKiration  is  surprisingly 
large.  It  has  been  reckoned  by  Dalton  that  in  the  whole  of  England 
and  Wales,  about  oO  per  oeut.  of  the  toial  annual  niiiifall  is  lost  by 
ivaporation.  In  the  watershetl  of  the  Rhine,  the  loss  is  reckoned  at 
[K'.r  eent. ;  in  tliat  of  the  Rlioue,  at  42 ;  of  th«  Seine,  at  67,  »:i<l 
of  the  tiarunne,  at  35. 


SURFAOE-WATEBS. 

Soriko^vatcre  are  collections  of  water  rutmiug  uloni;  or  stor«l  upon 
the  earth's  surface  in  contact  with  the  atmosphere,  Under  this  htaid 
arc  ine.ludiKl  riveri"  and  Jiimaller  stnanw.  |»ondK,  lakes,  ami  impounding 
basins.  The)'  vary  according  to  the  different  charaet^^l-s  of  the  areas 
which  they  have  diitimnl  or  Iraverswl,  or  in  whieh  they  ar«'  Moreil, 
Thus,  n  water  tluit  has  flowed  over  a  rocky  soil  is  more  likely  to  be 
free  from  oiganic  impurity  than  one  Unit  luis  flowed  over  Uuimy  soil  or 
ba^  rilootl  in  swanipx;  and  one  that  has  flowed  through  sandstone  bot- 
toms is  more  likely  to  contain  mineral  impurities  tlian  ime  that  has 
flowrd  o\'<-r  the  vii^in  soil  of  n  forc.-'t,, 

Snrfaec-water  nurani!  something  more  than  the  rain  of  the  district 
pins  the  impnritie-s  of  whatever  ehiiraeter,  organic  and  mineral,  which 
it  lifw  ei'llefte<l.  Rivers  and  lakes,  for  example,  are  made  up  of  rain 
that  has  run  over  the  .lui-face  of  the  gmund,  dissolving  in  its  oourw 
^niitll  nniounls  of  ejisilywilnbie  niattei-s,  and  of  water  that  has  come  up 
fitiui  tile  soil  below  through  springs,  <)r  thai  has  triekh-tl  in  from  the 
upjier  layers  of  ihe  soil  ;  and  ihe-e  latter  (v ii tribute  mat t<Ts  which  may 
be  of  very  widely  different  character  from  tJiose  obtainable  along  the 
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surfofiie,  acivirdiiig  ti>  llie  gpologiral  Rhamoter  of  t]>e  Boil  stnia  that  \an 
bwn  iic'b-<l  ii|>un. 

A  river  may  take  its  origin  in  a  sprinj;,  and  c»aRU<t  fiir  some  time  i>f 
grdiiml-waicr  nliiiic,  but  iHiinlly  it  is  nut  Umg  Ix'ton-  !l  nwiv^-A  uciw 
HittiiM  of  ^iiHiicie-u-aler  and  soon  acquirer  tlie  fharu4.-teristio^  uf  llie  latt«r. 
Again,  saaw  Uktsi  and  (MitKL-<  nn-  fisl  almost  H-hoUy  l>y  springs  at  llmr 
bottom!^  mid  ^idi-» ;  l>ul  i-VL-n  sty,  their  vraterK  houii  change  In  clinnirt^ 
and  aoc|iim>  the  various  forms  of  aquatic  life. 

SuriiKH-'HutiTM  may  coiilairi  miK-li  or  Vuxiv  or  no  orpmir  mallt-r. 
acwinling  t'l  fimimwtanoes.  They  may  be  rolored  or  e<iliirU»»;  tlicj 
umy  Ik-  ricli  or  [iiMir  iu  tniiieral  sulistimws^  Tlmsc  which  w-iiio  hrpij 
from  the  ground  will  uulurally  possess  largely  the  eharaeterietin  ^ 
ground-wuler,  and  th<if*e  frf<-  fnnu  nvr-ewiioiut  fmin  this  ^oum'  «i!t 
approximate  nmru  nearly  the  eliameter  of  ruin.  The  <{(iality  of  Mirikw- 
waters  in  influenced  by  the  heaMons,  by  dmught  and  rainfidl,  by  vt^ 
totiou,  by  rate  of  muvenieiit,  utid  by  other  vonJitioite, 


GRODND-WATEBS. 

Ground-irater  is  thai  which  penetrates  the  soil,  thinks  to  rnrion* 
depthi*,  iHX-onling  !<■  the  tialure  of  the  sutl,  iiikI  avoiimulnhs  on  (Cnc 
mure  or  lewt  imjierviout-  stratum.      It  is  not   cx|>«»*d  to  lif;lil  iim!  ll»' 
atmonjJierp,  likv  siii'fiiii-w'iit*T.     Il  \ariw  widily  in  iluinn-ier  aiiMti^- 
ing  U>  the  natnre  of  the  soil  over  which  it  luis  tuiw  flowetl  and  tliivKi^li 
wliieli  it  lias  jx-n-olalod.     It  enters  witli  more  or  less  air  and  TOii" 
sohition,  and  fomcs  in  cmtiirt  with   ijie  »oil  air   in   the  inU't^liw. 
which  1.4  much  ricjier  than   atmospheric  air   in  this  gai^     Witb  ih^ 
assistance  of  the  (X>j  which  it  hu.->  brought,  and  tlmt  which  il  fiirtli*^ 
acquires  in  the  interstices,  it  dissolvtv  various  miiiend  constitui-iit» "' 
the  !**)il.     That  whii>h  pt-netraten  vcitf"  deeply  has  its  solvent  po"«»r 
increased  by  incnwH^I   tem]K-nimre  and    [»r(TN<iirc.     A*  it  enlcf»  11* 
soil,  it  brings  with  it  wlmtever  organic  matters  it  may  have  dis^clvfl 
out  of  tlH-  ^iirfiKv  lnyer%  iiml  in  lis  d(?o(H'nl  it  iimy  Iom-  tlnin  eiiiinly 
through  the  uclion  of  the  saprophytic  luu-teria  of  the  soil,  or  it  nor 
■oquin-  still  nion-  if  tlM>  soil  t>e  jMilluied  an<l  so  peitiMtible  as  tn  {■'mill' 
rapid  iKii^ip^'  d<>wn»i»ni.     It   |iassc«  slowly  or  rapidly  throu^li  th* 
interstict-s  until    it    reiiebes    an    impermeable  stratum,  over  wliiot  it 
>«-iunuUli'«,  Iilling  the  intetjiticics  cumph-tdy.      The  soil  a)   this  pii»* 
is  said  to  be  saturated,  and  the  upper  limit  of  »ituratif>n  is  kit««^>* 
ll>e  ground -water  level,  or  watt-r  taWe.     Ifc-twwn  this  and  tlie  siirfarti 
tlw  watiT  is  in  wmtact  with  the  nir  of  the  inlersticew,  an<I  is  ktw'»"  ^ 
ejipillarv  moih^ture.     The  water  table  is  bv  ni*  means  nceeswarily  hnrv 
niiilid,  btit    tollowji  in  »  gencml  wiiy  the  contour  of  tla-  snrfiioe  •'<(  ll* 
<>oil,  aiwl  oHrn  il   is  much  more  irn^iilar,  and,  by  reason  of  loiiil;?^ 
logiral  i-onditions,  even  quite  different  from  wliat  the  surface  f(>rni»l»<« 
wiHih)  indiditr.     Thus,  «l   mtc  jMiinl  in  a  Icvi-I  xtrt'lt-h  of  countrf.  ll* 
table  may  bo  quite  near  tlK<  surfiicc,  uihI  at  another,  a  »hort  dietiUKi 
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away,  it  may  be  8itniif«<l  miKth  more  <Jeeply,  owing  to  abrupt  oliniipt* 
of  level  of  the  impermeable  stratum. 

Invf^iarily  of  the  surface  of  ilie  water  table  is  due  largely  also  to 
the  raiufall,  which,  coming  at  fn-qiipnt  iiit<.T\'als,  fulU  u|H)n  iniHUces  of 
iliffcring  pcrinuability,  so  that  while  one  part  is  still  dmining  its  water 
dowuwartl,  uriolikT  \iw^  ti.iinplcti.fl  lliv  [)rrtn'J*!«  and  i,i  ri'iiilv  fur  more. 
When  drought  occurs,  however,  the  level  Ix-comes  more  and  more  Ulii- 
fonn  until  il  may  iKwome  (juitt-  Imrizoiital.  With  return  of  rainfiill, 
the  level  rises,  and  irregularity  of  the  i»urfaoe  of  the  wat«r  table  is 
again  pr<KhninI.  The  it^vel  at  any  point  if*  influenued  abto  by  the 
amount  of  water  withdrawn  fi'oni  tin-  jtoil  by  the  deioaiidi<  made  M[)on 
wclin.  \N'lii'ri  the  amoiini  of  [xrcolatioii  is  exceeded  by  the  aiuouot  of 
withdrawal,  the  level  fulU;  whuu  the  coudilluus  aiv  rvvcrxed,  the  level 
rii-cs. 

The  water  table  in  it-*  inwjjular  ooursc  toneJu'S  the  siirfaci-  of  the 
ground  here  and  there,  aud  gives  rise  to  springs  which  may  flow  the 
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year  round  re gardl«<.i  of  ilronght,  or  may  dry  up  eomplelely  with  fall 
of  the  level.  Similarly,  all  permanent  ponds  are  outer"ni>inps  of  the 
water  table,  and  the  beds  of  rivers  as  well,  but  the  levt-l  of  the  tablft 
in  the  near  vieiiiity  i*  iilmoM  invariably  higher  than  the  surface  of 
^Efle  bodies.  Sometimes,  however,  the  water  h'\-el  is  so  near  the  sur- 
fliec  that,  without  ennr^lng  in  the  fi>nii  of  «[>rinp«,  il  extenil'f  in  a  biruid 
dheet  just  at  or  fx-Iow  it  and  csmees  marshy  conditions.  In  Fig,  24 
the  manner  in  which  the  water  table  f^rojw  out  in  springs  and  feeds 
lakeis  and  othir  IwidieK  of  water  in  shown. 

By  some,  the  water  table  is  sjtokfu  of  a.t  an  underground  river,  a 
term  which  l*  very  niishadiiig,  in  (hut  it  Migge^ts  a  bmly  of  watvr 
ntlber  than  a  condition  of  satimitioii  of  the  soil.  There  are,  to  be  sure, 
in  some  loealiiies,  e.^peeially  in  limestiuic  dii*trirt,'»,  iHHlieK  of  water  Row- 
ing between  inipimii'nble  strata,  and  instances  arc  known  of  di^ip- 
pmrance  of  streams  into  lissures  of  roirks  and  rmergenee  at  n  distance 
cUcwhore,  but  fbr.-'e  strHim*  are  not  a  part  of  the  water  table  as  gen- 
erally understocxl  and  may  not  projierly  be  elassed  as  ground-water. 

Iq  most  casefl,  and  except  where  the  water  lie*  in  d«ep  deprcKsiotw 
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or  jwckets  with  no  side  outlets,  the  eround-watcr  is  in  ooneitant  Inunl 
motion  in  tkf  dintrtinn  of  tJiv  outfall,  and  tliix  ts  ooramunly  the  ocarM 
large  body  of  wiiter,  either  a  lake,  or  u  river,  or  the  sea.  In  its  onrard 
course  over  an  irregular  i»i|K-r\'iouH  c<li«liim,  ttui  oiovemcnt  a  nt  timn 
iiK'liiKtl  ii|i»-»nl  iind  »t  timue  don'nwaixl,  but  ever  in  the  fame  gpoml 
direction  latcraUy. 

The  rat«  of  loovement  i*  det<.'nnined  by  h  number  of  initDeoccs, 
anin»|;  which  ifie  must  effective  are  the  decree  of  pcnn«a1>iliiy,  iJ* 
iij<-lii)iititiii,  1111(1  tint  biimitii-trir  pn^^^iin.*.  The  deprec  of  pcnoeability, 
<l«jK.-iKlent  iijwH  tlie  coarsteness  of  the  soil  parliolcfl.  is  of  vert  gnit 
im^iortaut-o,  llie  more  nipid  flow  occurring  through  the  soil*  of  ««wr 
tvxture.  The  inclination,  or,  in  other  word§,  the  influence  of  contour 
in  promoting  nr  preventing  the  aiwii^tanoc  of  finivity,  Imh  o  vfty 
decided  cfltil. 

The  barometric  pressiiri' nffectj*  the  rat*^  of  nniv<nicnl  tliroii^lnU 
effect*  on  the  uir  in  the  intt-rKlieefi  above  the  water  level.  While  thii 
air  in  itself  in  coni^tant  movement,  it  cannot  move  ijuiekly  iKvauseof 
the  gn-fit  uniount  of  friotion  emited.  lifj^scncil  prej^surc  iihovc  llw 
ground  causes  the  iwil  air  to  expand,  and  as  this  oocurw,  the  tendcnff 
in  alciiig  the  limw  of  liai't  resiwtiim'c,  namely,  upwiml  nnd,  uwlrroef- 
tain  conditions,  laterslly,  so  titat  the  water  in  the  interstices  is  »^vtii 
in  iu  tlnw.  But  the  inlttieiioe  of  diniininhed  liaromvinc  priwnn  '» 
fi'k  almust  at  once  at  the  otitlalls,  because  of  lewiciiwi  Iwrk  pn-wiire  "n 
the  «'ali.'i'.  Tbi!«  iufluon<M;  miiy  Ik*  ni««,iure<I  I)y  noting  the  flurtnalidis 
in  tlie  water  leveU  iu  welk  wliieli  riiro  sit  tlie  baroinetiT  fulls  nnil  fill 
a«  it  rijK*.  Thus,  rosifitanee  is  removed  iit  the  outfall,  and  «>ind- 
(lently  the  water  is  being  piishefl  along  by  rlic  ex|i:in»i\'v  ftpns-  of  ll* 
nir  in  tlie  inter^tiw-s.  With  inore^atd  barometric  presiMire,  theeecflndi* 
tions  are  rcverseil  and  tlie  flow  U'<'i'iniy>  Icwf"  rapid. 

The  rate  of  movement  being  so  dependent  upon  local  coudif ious,  it 
follow)^  tliiit  it  varies  widely  in  diffi-rt-nt.'^oils.  In  dome  places  it  b^iJnw 
as  to  be  almost  unmoasurable ;  in  othcns  it  i«  extremely  rapid;  an<ie^'(■l 
within  II  niittricted  ar«a,  it  may  be  exceedingly  variable  at  diffi-rml 
p»int(i.  At  Budapest,  for  example,  Fodor' detenniiMxl  i]h>  nile  <>f 
movement  at  five  different  points  lo  Ite  95,  ISii,  199,  209,  and  210 
feet  diiily,  Hie  avcnvge  of  tlK*e  figures,  IB7.6,  rvpret«ontn  iimi^'iiiiif 
rapid  flow.  At  Munich,  the  <laiiy  rate  of  flow  towartl  the  Isar  ha>  h«ii 
ciiletilated  by  Peltenkofcr  as  a  trifle  more  than  15  feeL 


Physical  and  Chemical  Characteristics  of  Water. 

At  the  (itamlard  liarometrio  preasur^,  760  mm.  or  2d.922  IikIu^j 
water  boils  at  100*  C.  or  212°  K.     With   lower  ppcssun-H.  it  boibi' 
corrw|»ondingly  lower  temperatures ;  on  very  high  land,  lor  oxaB 
it  builH  lit  Mii-h  low  temperatures  that  mmt  and  vegetables  cannot 
tliorougbly  ofxikfl    in    it.     KvajH-mtion  ocuura   nt   idl   U-m[ 
even  hvlu'-         *'  <yjnL 

Id  Ws*.  r      Krtinsiricit,  1881 
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Water  has  ite  maximum  densitv  at  4°  C,  above  and  below  which 


|Mriiit  It  fX|uiii< 


i».     At  0°  C.  it  ftvvws. 


iiiul  In  (liiiiif;  Ml),  it   t-x\n 


lU   ti 


the  extent  of  about  9  per  cent.  «>f  itfi  vi>hiiDe,  aiid  thii8  actjiiiroi^  a 
wjK-cilic  gravity  kvjt  than  titiii  <il'  unfrozen  wati-r,  In  whicl),  thrivi'on:-,  it 
floatit.  As  the  "urface  frwn*,  it  gives  ont  hc'at  to  tlio  lavcr  iiiimcdi- 
ntdy  iMMiuiih  iind  ihcivby  riiiist!.-i  a  reiardatinu  of  che  pmceiis.  Ar  thui 
layer  liecotneA  c(h>Ic«I,  tlii-  ice  lV)riiijilion  (fnilimii.s.  »»»!  ihiiJt  the  gnjvrth 
ill  thiokriess  of  the  \<k  eover  jtroct-ods  duwnward,  lis  6p<'citic  heat  is 
hifjh,  ami  i>t  taken  at,  \\\v  i>tiiniliird  of  eiim|iuriHi)ii.  Xi  a  tton<iiict4>r  of 
h<int  it  stands  very  low. 

Water  i>^  the  iiio:>t  nnivcrwd  solvent  known,  lliore  Ix-tng  bin  few  wili- 
stami*  which  are  not  iietwl  upon  by  it  to  some  extent.  It  tukce  up 
all  known  tru.^t-.H,  jhkI  its  .lolvcnt  power  for  them  i«  gjeal<-r  according  as 
tlie  temptrature  i*  depressed  and  the  pressure  iucrwtsitl.  In  the  cjisti 
of  stihiitanei^  other  tliiui  ga.-e-H,  with  few  exceptions  its  solvent  power 
in  inereawxi  with  inei'c!i>ie<l  temix-niture. 

Appearance. — Pur?  water  is  clear,  and,  in  projjorlion  as  it  contains 
dis.volvr.il  iiir  iind  curlx^n  dioxide,  is  bright  luiil  T>juirldiii^.  Hriliiiiiiey 
of  ap|M>aranee  is,  however,  hv  no  uitsina  conclusive  eviilence  of  purity, 
JKinie  extciwively  contHiiiinnli-d  wjitern  showing  ivniarkable  brightm-ss. 
Turbidity  of  water  is  due  to  organic  and  mineral  matters  in  «us|k-u- 
oion  ;  the  orgnnio  nmltt-rri  may  hi-  oi-dinan.'  dfad  vegetable  and  animal 
sultstancvs  or  microscopic  living  plants  and  animals. 

Sonifi  (Hiblie  supplies  ilerived  from  ri\'ers  are  distinctly  muddy  in 
appearance.  The  slight  degrees  of  tnrbidity  dL-signated  as  milkinfim  and 
ojnilrsmuv  nn-  due  twminonly  to  very  minute  clay  j>articlcs,  which  miiy 
remain  in  sns|>ension  for  u  long  time,  even  when  the  vessel  con- 
taining ihfi  wat<-r  is  allowed  to  stand  imdisturl>ed.  Si-vrajre  mattei-s 
■tamy  give  these  same  appcaninces.  Tnrbidity  due  to  clay  may  l)c 
removed  readily  by  the  a<ldition  of  various  substances,  as  lime,  alum, 
an<l  siilphurir-  acid,  which  muse  the  ]ianieles  tn  a^lnliiiate  and  s^'ttk' 
ont.  Water  which  is  apparently  clear  when  viewed  in  an  ordinarv 
ghkvt  ve.-<s>-l  may  he  M-i'n  to  have  deci<lcd  Inrbidity  whi^n  vieW(s!  thnin^i 
a  ilepth  of  a  foot  or  two  against  a  pure  white  surface. 

Some  ground-waters  which  are  rpiite  chair  when  drawn  may  acquire 
n  turbid  ap|K'iirantie  on  standing,  due  to  the  pn^eiice  of  (tHnjwHnids  of 
iron  which  undergo  changes  in  i'om|»osi[ion  and  beoime  piveipiiated. 
In  siieh  I5LSCS,  the  tnrbiility  is  aec'iiii|Huiie<l  by  the  development  of 
atlor,  which,  however,  disappears  on  the  completion  of  the  pmci-se  of 
oxidation  of  the  iron  c>>m|iiiimds  and  their  si'jMinitioii  by  .si-di mentation. 

Color. — Water  may  have  color  or  not,  according  to  circumstances. 
Surfoee-watc-i-s  may  di-rive  it  from  cnnl;iel  with  grasM-s,  leave;.,  wotxly 
'iiutters  in  gencrsd.  and  pi-at,  llie  degree  of  color  being  de|>i'nderil  iijion 
the  leugth  of  time  of  contact  and  n]M)n  the  character  of  ihe  substances, 
TMIferent  kinds  of  leaves,  for  example,  inijmrt  difTen'iit  sluido  and 
kimls  of  cf)Ior,  but  not  ahvays  to  the  extent  that  their  apjicarauec 
woidd  indicate.  'I'lit-  dark-i-nloriHl  driiil  Icavfs  of  the  nak,  for  instanet', 
uiiglit  Ik-  expected  t<j  yield  a  much  darker  infusion   thiiii   the  moeli 
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lighter  colnrrd  ImvoD  (»f  tlic  maple,  tnil  siiclt  i»  not  tin-  mse,  u  m 
be  (mtvt'tl  rwiililv  liv  <-x|)t'rirn<-iit ;  »ml  thow  of  the  iHilti-nml  git< 
wilor  tliat  is  siiqirifinglv  liglii  in  eomiwriwin.  l^'nj;  ontad  *itl 
svnmi])  vcin'tnlitiii  iiiii.s<-i>  ii  <lii-|>  n-tldii'li-hroMii  n>li>r,  whit-h  t*  ofld 
vcrj"  stabk-  on  lung  kecpiog.  Xot  all  siirriiw-«uitn»,  hi>«vv.-r,  lui 
ejc[M>sr()  to  <ti1iif-im|Mirlmg  HllhAtall(x^M,  uud  watfrs  i>l'  thii^  cUn^  mui-  U 
I'rve  fn>ni  ci>Ii>r. 

Ci  round -wiit«'rs  of  gtiod  quality'  are  ordinarilv  cnlctrkes  or  nppcnr 
\nivv,  whi'ti  vicwi'd  throu^fh  coiiBidtTiihlc  <]<-[ithK  iigHii)i>t  ii  while  »iirioM 
II  faint  hliiibh  or  gri?<>ni8h-t>Uie  tiuge.  Soiiietimcti  tbcv  miitaiti  iniiiin 
iirgiiiiic  miittiT  in  vmiiliinatiori,  and  have  iti  c<>iiS(.t[iiHHx- ii  limutii^i  liii 
which,  by  rensoD  of  vm'  ^luw  uxidation,  iniiv  |>criiii;t  for  u  loiig  ttiira 
Coloi'  dfrivitl  otbirwiM-  ihiin  fniiii  contftfl  with  V)>gi>tal)lr  tnatttf 
Bccom] Hinted  iiMiidly  bv  nioru  or  li-ss  turiiidity.  Aliwnot'  of  wJof 
not  II  sign  of  jrtirily,  for  polbitrtl  wau-rs  nmy  b»  quite  fpt*  ffm  it 
iior  is  it.*  prisi'iK'i-  iin  iudicntioti  of  iinlitncMi  fur  doniotii'  iiw. 

Keactlon. — The  dissolvpd  rarlmn  dioxido  in  water  tends  to  pxr  it 
)>)ightl}'  oi'i<I  iMiftinii,  bill  most  (Mitabli'  wHten>  iin>  v*-ry  &iutly  iillalii 
ti)  delicate  indicntor^i,  owing  to  minute  amounts  urnlkaliiM.-  tiidxMuti 
Itrtin-wiiUT.t.  <>B|MfitiUy  in  ilio  vicinity  of  dlii-s  and  liirjr*-  lowiw,  i 
p-ncmlly  mlighlly  a«d  on  ucconnt  of  impiiriticis  of  iIm-  a1m<«ijilirt 
arising  from  combuiition.  I*ealy  waters  also  are  slightly  ttchi 
Hi-Dount  of  organic  iioids  prodiicfd  by  the  action  of  th«-  ix-etiltur  lartrt 
existing  in  peat.  River-waters  in  mining  t)istnt:t«  ol>cn  cxinlaiti  wq 
sidi-rnblv  nniount^  of  trvr  miiK-ral  «Hd«. 

Odor. — Pure  water  hne  no  <«lor,  but  good  Mirfaoo-wiilcri'  coirtainii 
coloring  tnutUtrii  have  more  or  hsw  odor,  which  is  ei^iHx^inlly  marked 
hcnting.  It  is  gwii-raily  sufgipslive  of  vendible  nmlti-r,  anil  niay 
cluinivtviun^  variously  as  grassy,  jx-aty,  etc.,  accoixling  to  tbt-  imp 
sion  pro<iiH'<.''i,  Such  o<i<n>  nmv  jwrsi^l  even  on  long  boiling,  wli 
thot«  due  to  di-i^nlvcd  gaseti  will  di-^ipjicar  (|tiiekly  o»  ht^iling.  M« 
otherwiM-  ginxi  .inrfaci-wiHers  are  imrticiilarly  prone  to  the  tlcveli 
meiit  of  disugrMiiblc  iKlor»  attributable  to  minute  living  orgimiMW. 

The    feubjeot    ha*  been  studied  ven'  extensively  by   Mr.  (lafT 
dlkins,'  who  sditiw  lliat  od<n-s  in  drink ing-waliTs  "  may  \)f  pMoni 
by  tile  {nit  re  tact  ive  de^-onifiiKiiion  of  ihc  l>ody  pliiKOi  through  tin- age 
nf  luetena,  and  by  the  exiTetion  of  etrtain  produrls  of  growth,  i>r 
the  lilH-rntion  of  produolF'  by  the  phvi-teni  di^integnition  of  the  \n 
or  bnenking  down  of  the  enclosing  cell  walls,     Thew  three  atu*v» 
rii't"'  to  ihnv  eliL^si-.  of  iMhin*,  iis  follow.":  (1)  ixk^rj*  of  Wtei 
|mtrciaetivi-   <lcef>m|)ii«ition,  (2)  mlor*  of   growth,  uud  (3)  < 
physical  disiotegratiou." 

Till'   group   of    pbinLx   popularly    known    an    "bliH-gnvn 
(tSchito/^i/etrr)  is  a  vciy  common  cause  nf  the  well-known  "  pig-(i 
iiHt\  "gnuwy"  (M ion*  so  fr«juenily  oK-i-rv-ei!   in  .xlud low,  Milium t, 
relatively  warm  xnih-r:'.      Cerliiin  <•(  the  IHnlouMU-ftr   fn>quenlly  cii 
serious   troubhi  by  imparting   aiomalic    (geranium)    and    IiaIiv 
■  !te|>o«1  vS  llie  6ui«  B<Mrd  M  llcallli  uf  Msmdiiiwlta  for  INHZ,  \\  Wi. 
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and  di8t;nv!<!i>ble  taiit«.  Of  th<?f^,  ttic-  most  prominent  k  AtUrioneOa 
fi/riniiMii,t<Aiui]  very  commoiily  in  larjrc  jxtiitU  aud  resurvoiisof  Hurfiice- 
vvaler,  uuil  n'^muij;''^''''"'*!''^^''''  I'lMirijinw  tiiujic'ii  r<-*iTviiir'f.rK'^>"»d- 
watrr.  Ausjrtliug  to  W'hiiipU-  ami  Juckcon,'  JiOUU  u^tmonellu  [wr  cc 
of  «ater  may,  iiihIit  Invuiiililc  iviKlilion?',  iiii[Hin  an  otlwr  ciiMiy  n-ny^ 
iiiziil  liv  l\u:  cdiifHijnier.  Sevi-ral  p]H'cit"s  oi*  I'roi/lnDt,  ccitiiniuiily,  but 
Ui.-ci>ixliii};  to  G.  T,  Mdoiv,'  |M'Hiii|w  iiirorn-i^lly,  oliuwd  with  tin;  Inj'a- 
JtoWd,  raiBft  niimb  tiiiuhli;  by  the  liberation,  ilur'mg  ili^iiitoKnitioti,  ui'  uil 
glubitUst  u'bicb  ttii|)urt  titfliy,  nily  iMlmti  and  luuten.  Thenc  oil  {^lobules 
are  yielded  by  many  otber  varietR's  ul'  water  ur^uiiem^. 

Wbili*  wwiip-  iiisitU'i>  iinpiirl  iiumldy  or  muaty  odors  to  wattr,  it 
sbotild  not  be  inferred  thai  these  otlors  arc  ol'  thfiiisi-lvis«  !iuli<.vilivi-  ni' 
M>wn^  {Milliitioii,  for  goo*)  Niirfwc-walem  sometimes  ac<)iiire  them  oa 
^wling. 

Sometimes  it  will  \»  notiti'd  that  water  on  long  builiiig  uot  onlycon- 
tiiiii<:«  to  fvolve  n  vcKi'tiible  odor,  but  gives  it  off  in  grwitcr  iiiteii''iiy. 
This  Ls  true  partieularly  of  waii-m  rii-h  in  algie.  If  they  are  liri^t  filt- 
ered, (hi-  odor  will  not  In-  (jiv«n  olf  oii  boiltii;;.  But  uHkt  wnti^rH  may 
^mtwue  to  evolvL-  odors  even  after  tlltratioii.  Ptaty  watei-s,  for  iii- 
HHK  often  ]wnii»t  in  yicldin);  iLHior  on  long  iKitlitig,  nod  llii"  U  not 
aiwTrxl  In  any  way  by  tiltnilion.  Waters  containing  luiwhiet!*  of  (ihysi- 
cal  dUintt^iulion  iind  vuri'iu->  other  siilmtiinw-.s  nl.-<i)  art^'  not  iiifbutn<v(l 
by  lillralion. 

Odoi-M  wbieb  disn[>|tear  on  Imiling  nmy  (!evcl"|i  iigaiu  uftt-r  ii  tiino  if 
their  eauiw  k  not  r«>moved ;  if,  however,  the  matters  fiHim  which  they 
are  derived  are  no  longi-r  prcwiil,  the  odor  will  not  return.  Sumo 
niwl  troiibk^soiiif  odors  arc  known  to  be  the  revolt*  of  decay.  The 
public  §u[>))ly  of  rioston  was,  in  1X78,  wriounly  at!eered  in  this  way. 
And  gave  oil"  an  wUt  whieh  wn»  likened  to  that  of  cucumbers.  This 
was  iuvo>tigute<l  by  Professor  Ira  ReniMen,  wlu»  found  the  cause  to  \to 
detii  in  position  tif  a  fivsli-waH-r  "iningt,-. 

Water  ^onicliinc^  eontain-i  >iu]phnretted  hydrop^n  from  induction  of 
(iuiphah^d  by  baetJTial  action,  and  soiuetinies  mixtmv.s  i>f  prmlnet*  of 
oTpinic  deeoin)iositioii  whieh  (iURftej-t  that  pLs.  Very  marked  and 
most  offensive  otkirs  are  due  ofllen  to  the  prest^nei-  of  dead  anirnaU,  Mich 
as  ttiadn  and  mice  in  well",  Hiid.  when  they  arise,  the  remcxly  is  ob- 
vious. Some  wells  lM?fonie  stagnant  at  the  IhUIoih,  and  if  organic 
matter  is  pra-ent,  it  may  cnnjM.-  fonl  iHior,  ■'nggestive  of  d«id  nin'ni»l«, 
by  putrefuclion  in  the  al)senco  of  a  sufficient  itnpply  of  dissolved 
oxyjcen.  Stagnation  miiv  Im-  preventtnl  bv  iMinnecting  the  |iiini]i  iiiiirvr 
the  rxiltom.  or  by  lilliug  up  the  Hnnecet*saty  8]jace  with  clean  gntvel 
and  xand. 

Odois  in  water  arc  not  neowsarlly  inditwtive  of  danger  to  lieallb, 
bnt  dixrtinctly  unpleasant  ones  are  quite  sntfieient  as  a  diaqualilication, 
on  account  of  the  ivpiignnnw  which  their  ti>e  for  drinking  and  othvr 
doiiu^lie  pur|H>«es  would  cause.     On  the  other  hand,  as  in  the  case  of 

'  Jvumul  cif  ilic  Nfw  ICnelnni)  WoicrWurkt  AwuKiiiiiinn,  Scplcnbcr,  IStW. 
'  Atacricun  .louninl  nf  I'hnnimcv,  .iHiiuiii'j',  liKH). 
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rolor,  abwiii'c  i.4  itnt  indimttve  of  jiurily,  rur  dnugcmuft  wiilim  aaj  I 
iuotioTvtis. 

Tastt. — I'liTL'  water  ban  no  tli»-tiiK-t  taste,  ami,  wlmtevcr  ibr  iiiijn 
»iuu  niudf,  il  i»  Otic  to  'liiwiil^'cd  f>iu>w,  Tliul  tht«  i»  ru,  b 
evident  wben  uti«  wtupanit  ibu  taeU-  of  n  well-a§nital  uiitvr,  Ma 
and  ulWr  bi.iitmg  to  l\n'  boiling-'jHtint  wilb  fubnHimiit  <.-ouling.  !^n 
toiistitiiL-iit'^  iin|mrt  no  ilWtiuc-l  tiif^tc  ull]l■^A  tbi-y  Rl'e  |>ni>i'lit  io  qiiin 
Ini^ir  iiniiinnU,  nn  in  wattTii  nf  a  bi^li  (Ic^'rt-i-  nl'  pfrmunent  hanlnn* 
Tb«  only  Mibbttinw  wbkb  inipni'ta  taste  wbeu  it  if  pm*iil  in  vn 
small  quuiititli^  in  iron.  I>i»»(>lvctl  ur^ink-  inatleiy  oiiih!  im>  liiiitr,i 
kite  ]irL«L-ut  in  <-(inBi(leral>l«iiniuuiit  ami,  a^  n  nili-,  ace.nn[iiini«l  bvttdjrJ 

Wilier  cDiitiiiuinn  vci-v    liltii-  fuluriii^'  niuMcr  U  oIU-ii  wiiil  In  '•» 
tlislitii'tly,  bni  il  Mbdiilil  be  iviiiark<Hl  ijul  llic  M'ti^es  nf  lii^ti'  and  MCn 
an*  olWn  iiiUnenaii  nnewiiwiunsly  by  the  i^ini-v  of  siplit,  and  n-\'< 
waW-T  Biipi>o«iil  to  bave  Imtli  odor  mid  ta^'te  niay,  if  drunk  in  llir  i 
(five  ni>  inii>r<'!'Mi)h  of  eillKT, 

BiKJIy  lii'-iiii^  water,  whetber  dan^rotis  or  i>ut,  is  olifwliciiablr 
Uk>  h:ini('  ^'iuiikU  n*  nicnti<>n<''l  tinder  iHlor.      Not   oiily  '»  nl>peDCi< 
l)inl  laj^le  no  evirioiiee  of  piirily,  but  it  ih  well  known  tbnt  walrts  na 
taiuin^  tlie  ])ri>diict»  of  oxidntioii  of  Mtwiige  aiv  ofUii  retuiirkubli; . 
niiiixunl  iiidntiibility. 


Substances  Found  Normally  in  Water. 

Tbtsc  incbid*' : 

1.  Gai«w  in  Hibition. 

2.  Organic  matteni  in  t^olulion  and  in  suspeibKion. 
8.  MitK-nil  niatlei^  ia  solution  and  in  i«ii»|HM))ti(>n. 
1,  Oases. — Firot  in  imiKirtfinci;  iHftlr.   i>lnolly  siHiiking,  wnl«r3 

tninti  no  air  aa  KUeh,  but  only  the  cunstituenu  ofujr,  for  tbe  oxt| 
ami  nitmnrii,  di.-w)lv«l  by  Nvntw,  are  not  im-wnl  in  ibe  same  pr 
tion  in  which  tbe^'  exif;t  in  tbe  iitniospherc.     In  E«lt  water,  the 
tions  ill  ttieif  pni|«>Ttion8  are  less  widf.     We  ^tiall,  however,  ctx 
tiie  two  ganeti  an  air.     The  diswlviil  oxygen  ix  tbe  ini]>urtni)l  i-Ie 
One  biin<tn«l  v(iliiine>4  of  water  at  15°  C.  will  diI^»td^-e  nearly  :1 
umee  of  nwgen  (2.^0),  nnd  »t  20",  2,60  voluiuiw,  and  il  Li  not : 
gi-thvr  roinoved  by  boiling. 

Tbe  amount  of  oxygen  in  Hdution  i>  iiiirly  eoni^tant  in  water*  < 
uniform  oom|>oBition  freely  exjweed  to  the  ntmwpberf,  but  wbi-ii  ih 
reocivv  a^lditionii  of  Hi^'wagi-  ntid  other  oxidiwdih-  matlere  tJie^'  b«gilll 
lose  it.  Ki\er-waterii  may  tbii»  show  notable  difTcniie**  in  tbi-  aiDO 
of  distiotvi'd  oxyj.'vn  ]in-s«-nl  tu  sampler  laken  altove,  within,  and  bcB 
towns  situated  on  their  luiiikii.  The  TlmnifW  and  tbr  Seine,  fori 
Manee,  show  this  in  a  remarkable  dt^^ree.  Tbe  progressive  diiuir 
is  due JiMh&ounirtttOt  ueei'K<  of  onrinic  matter,  wbieb  nndciynefi  oi 

tb.'  .!I--iil\ed  <ixvgt'n.      When  a  river-wat 
ilvi-"!   i'\\i;<ii   in   tliirt  manner,  or  by    reason 

b>  di^yflgw  of  M-wngv  from  nuinuliictiu 
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^Hbli'^hinnitA,  containing  trompouiuls — ^lerrous,  for  itiKtn nee— having  a 
simiig  aHiiiity  fur  oxygen,  lisli  lif«  caniint  In-  siiiijunlttl.  Alfc«>»(f  fit' 
Ksh  iu  polltiUil  flrHiniK  is  iliic  much  more  to  dimi nation  uf  dL-^oIvtil 
oxyg«n  ihau  to  tlie  poiwonoTiti  efiecU  oi"  organic  si^wjigc. 

Aeration  of  water  in  infliiendtii  very  liirjjely  by  llie  (lu>'t  which  fiills 
into  ii,  for  each  particle  tarries  with  it  more  or  \gss  adherent  air,  as 
may  rwuiily  Ik-  wen  when  one  tlroiw  »nm\\  particlei*  into  water  and 
observes  their  d«^cent,  Aei-ation  of  water  proeeods  to  great  di-pthn, 
as  B  shown  hy  (!heinii.'Hl  aniilvMis  of  siiniplf,-*  of  wuler  obtuintHl  hy  di-  p 
soondinp.  and  al^o  by  the  fact  that  in^at  uunibi^rs  of  oi^anisnis 
whieh  rt!(]uin!  oxygen  for  (hdr  rejipiration  aii-  found  far  In  iicutli  tbi^ 
surface ;  hut  water  at  4(1  and  5U  feet  below  tbi'  surface  may  contain  no 
oxygen.  Water  from  drt?|>  well.'*  i*  very  coniinoiily  free  from  dissolved 
oxygi-i),  bccttiiee  of  ub«tnictiou  by  compound;*  uf  iron  ur  iniuiguucec, 
Ol]^iiic  matters,  and  otiier  wibstanoes. 

The  prtwcnee  of  eioiRiilerablc  dissolved  oxygen  in  water  IgiuI^  to 
Hal  cbang)?s  iu  tin-  organic  matter  present,  Diminished  oxygen 
lib  the  di^'Vflopnient  "f  low  fornw  of  vcgi'tahlo  life,  which  fre- 
quently give  rise  to  ntipteuNint  tast^^  and  odont,  Their  growth  is 
iahihited  hy  a  largo  dcgret-  of  aSmtion,  and  tlicir  disagreeable  eHerts 
are  then-by  prevented. 

Osrbon  Dioxide. — The  carbon  dioxide  eontained  in  wati^r  is  deriv*'d 
Inrgi'ly  fiom  the  atnio!^j>hcre,  and  in  great  |wrt  frorn  the  soil,  wlitrc  it 
is  present  in  abiimlauce.  Its  amount  in  any  water  depend.<i  upon  a 
number  of  cire.nm stances :  upon  the  amount  carried  in  by  niin  and 
dust,  the  oharacter  of  th«  soil,  and  the  extent  of  oxidation  of  nrgunic 
matter  wwurring  in  the  interstJcc!',  It  is  grcsitest  iu  amount  at  great 
iWpths,  and  it  may  constitute  almost  the  entire  content  of  dii*8olved 
ga»e>.  It  hH.4 1>ix>n  (Mdetdated  that  the  owan  vontiuiis  ulwut  tun  times 
as  much  an  the  entire  atmosphere, 

2.  Organic  Matter. — T1i<-  'irpintcr  Timltoi'.^  in  wutvr  arc  of  lx>th  uni- 
mal  an<I  vegelablc  origin,  and  consist  of  orgiUiiMnf,  product"  of  oiT;anic 
lite,  and  results  of  dir>int(-gralion  :ind  dcconi[)i>nilion.  The  uninud 
mattcn  iucltido  dcttd  and  living  organisms  and  dissolved  and  stis- 
peiidcil  |»roduct8  of  animal  life  and  deciiy,  such  as  alhiuniiious  siih- 
.'•runiii"',  urea,  and  ti^<iies.  In  the  tropit*  and  Mibtn)pie--',  ova  ami 
young  of  various  [wrasites  aro  common.  Oi-dinarily  our  interest  iu 
(ki^.inii!  Riuttt-r  fi-oni  aKuiial  source*  is  (Hjufineil  to  (he  prixhu^.-i  of 
hninau  lifo  as  reprewentwl  by  senage,  which  may  contain  the  exciting 
causes  of  spiiifio  disi-a.-Mw  (mh-  B:ti-liTtii  in  Walor,  p;ig(-  'A^'l).  Vcgi— 
tabh*  nrgrtnii-  matter  ex!"!?  as  living  and  dca<i  organisms  and  tiiwues  in 
s(is|)ension,  wtlublf  and  -insin'ndwl  snbnlitnec.-<  given  off  during  life,  and 
siduble  matters  cxtiuiTled  by  the  water  after  d«ilh. 

The  vegetable  organisms  are  represcnt^'d  hy  very  numerous  &]>eRie» 
of  microseopic  pliiTiI.i,  which  net  betieficially  by  alj^orbing  iJie  prodneta 
of  organic  decoiii]>osition  for  their  growth,  but  which  may,  on  the  oilier 
liand,  under  favorable  iMmdition.-<,  btvnme  the  soun*  of  nmeli  ininbk 
by  over-abundant  growth,  diHintegratioa,  and  decay.     They  may  prop- 
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erly  be  regaolwl  as  tutmial  constitueiitti  of  surftw-wattT*,  fiw  tiny  ait 
alwityn  |in-M-iil  in  suHi,  and,  moniivfr,  tWy  (li*\'cl»p  ((nicklr  iu  si>*ti 
grinin<l-»-!itor  cxptweii  !•>  light  and  air.  When  tlivj'  die,  nioM  "j^virt 
n|i{Kiir  ft  ilixsiy  ralht-r  slowlv,  and  tli«  prodiKste  of  their  (Ie««ujiwiiioii 
mv  !diH)rl>c-d  by  ut-w  urowtli* ;  but  wlitrn  |>rowiit  in  fO^tit  alniDdanir, 
till-  i>r<>grc».-i  of  decay  may  fXoeed  tliat  of  growih,  aud  tlwii  thrir 
])r<>«UK-(i'  may  m-c-nimilatv  and  iiniim  Ctniluvi*!^, 

Tlieri'  is  one  forni  of  micr<M^;oi>ic  arfpnisni!(,  belonging  t"  tlic  I'U- 
iit'  litnp,  wliicli  miTil.*  .-•jKTiiil  uicniion :  <  Wuothiir  Kultiii'ui".  Tiit 
is  a  Klamcntous'plimt  with  ctIIk  no  Inr^fir  than  the  oRlinan'  Wttnt 
It  jfRtws  chiffly  ill  j^miind-vratt-ps  ^^■IIi^■h  coulnin  or^iiic  niaticr  n 
iron,  thp  latter  of  wliioh  iiij;n><liontJ'it  fixe*  in  the  form  of  ferriiMaiA 
in  till-  jri^liitiiioan  hheath  ol'  its  lilunicnls,  whirh  thorrfiy  iMttmif  ydloi 
yellow  hnnvn,  or  hniwri  in  i'i4ur.  It  (-alll^:^  nixat  anixiyiiiin- Ivrll 
nipidiiy  with  wUicli  ii  grow^i  in  w-ater-|iii«'s,  the  luiin^  of  whieli  «•  V 
iniVecjiieiUly  oonipleiely  (Krhichd.  Thi-  may  inxrnr  minv  rtwiily  wf 
the  hiirface  prtwents  i'<>u^hiieiu<  and  ini])erl'<?rtioni<,  to  which  U*o  pD' 
iniiy  iiltix'i)  tlx-MiM-lvi?'.  When  iIk-  nhiinititn  »n-  Imikcn  olT  iinil 
disfteminated  t)in>U]|;li  the  water,  the  lutler  i^  reiideretl  niilit  for 
iiHK  on  aoemint  of  ihi'  iniu-riint.  Somotiniftt,  it  p\\»  rbn'  todi 
uhle  odor^  and  an  inky  tai>te.  It  may  be  ver^'  tnKibkw>itu>  witlitn 
tubej)  of  driv(-n  wt-lls,  or  in  the  rcBervoirs,  as  well  as  in  tlx"  di.-tribiiiiii 
pi|Kff.  Si^nielinics,  it  mny  Ik-  K-en  in  hirge  ii|^r(-p>lf<I  inii»H^  fli 
about  on  the  siirtaei^  of  stored  water.  By  iis  uxlfnsive  gnmlli 
pijieK,  it  may  wriiinsly  nlliTl  ii  wli<)lv  jmblie  sup|ily. 

The  presenoe  of  living  fomic,  either  vegetable  or  animni,  iadi 
that  the  water  mmriiiiiit  nt  li-HJit  wlintevor  liwd  maleriiiU  nrr  ik^t 
for  their  existenee.  hut  not  neoesKii'ily  tliiit  these  are  in  excess, 
ibr  iu:«tuuw,   re<)niri.'    niiiicndintl    iii(ri^p-n<>i»   niattvr  (nitrate^), 
other  eubstsnoes ;  fungi  ^uggnit  the  prewiim  of  wbohy<Inil<is 
teid.t,  and  mineral  wnb^tanws  common  to  domesltc  wwagr;  infi 
MigK**'  orfpinic  dcconnHwitiun.     Piwolvwl  V(.-)reti«hle  m»tter<  ordii 
amount    to  but    liitlc   in  weifjhl.      Kvcn  in    Minie  very  bi-own 
whow  upiKiimntx'  ivouhi  snggti^t  \rv^^  amounts,  ihcy  may  Ix-  pnweW 
the  extent  of  not  mrtre  than  1  or  2  ]«««  in  100,000. 

I'la*  or^nic  iivatter^,  both  animnl  nnd  vegetable,  which  nrr  of  in' 
est  to  the  8:iuil»riiin,  conr^i^t  chiefly  of  (HirlxHi,  hydropt-n,  oxvpp'n, 
nitnififii,  with,  in  iiiaiiy  ra.-i-.-,  mihiII  anionntr-  of  phosphonL-^  awl 
phur.     In  thi-   iinKic^   of  dwvmiiosition,   which  o\vi-«   if^  in<>i'|iti 
prngpfss,  and  completion  to  bacterial  activity,  the  carljou  is  eooihi 
with  (■xyg:en  to  form  enrUm  dinxide,  nn<l  the  hydn^>n  unili-n  iu 
with   nitrop^'n  to  form  ammonia,  the  prewm^  of  wimdi    in  water 
diiMt<:s  tltat  the  pi-oocaa  of  decom|MiMtion  i»  under  wiiy.     In  itxiiimij 
will  \k  shown  hiter,  the  aiUDionia  !><  omverUtl  evculimlly  to  iiiiri<-  ii 
which  unite*  with  buwe  to  form  nitrates. 

Ammoitla. — Fiv>in  tlte  stan«lpoint  of  «nnitnry  aipnitkniio-,  aina 
in  water  l-  of  prime  iin)Hirliiiici'.     Only  umler  veri'  uniisiml  cDuditi 
1  it  '■'■'■   ill   ((■  •  fonii  of  liydnile,  hut  usually  or  diloriilc  w 
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booale.  We  spt^ak  of  it  oomnjoiily  as  free  ammonui,  for,  on  lK)iliug  the 
water.  t\ti.w  niIIh  lire  (lc<'<iin[)iiscil  uiiil  t\w  luiiriioitiii  is  i-xju-llctl  in  tlio 
st«nm.  Among  the  direct  j.oiirtf'  *ii'  iiniinoriia  in  water  is  rain,  whiph 
brinjj;)'  H  <Jciwii  out  of  thi'  iiliiuv|ihon'  in  van,'iii(i  nmniinU  awnnling  to 
locati'ni.  Kaiii  always  etintaiiiK  it,  but  more  I*  prwteiit  in  that  of 
thickly  [io]iiibt<Hl  iliHincL'^  than  in  the  ofx-n  counti^-.  lu  one  instance, 
reported  by  Drown,'  tt  wiv^  foiintl  Ut  the  largi-  cxreril  of  O.Oo64  in 
l()(),0()i).  Itit  [>r(>s('niw,  liowevcT,  in  Hiirtin*-  and  gi-ound- waters  is 
(l(i«  for  the  moHt  part  to  (hroiiiiMMilinn  of  nitni^'iiniis  org;inie  mutter. 
It  i.i  not  abundant  in  ordinary  iin[ioilutcd  water>s  Imt  ic  present  often 
to  n  verv  eimsideRibk-  *'xtent  in  that  nf  ilif-p  driven  wi'II^.  Here  it» 
origin  is  not  always  elear ;  in  some  (mk-s  it  is  *up[Kise<l  to  l»e  referable 
to  null  ik'iMwil-',  rn  other*  U>  reiliictiiui  <if  iiri-nmnlated  nitiyt**. 

Under  ordinary  conditions  in  snrfaee-waiers,  animunia,  after  eoaver- 
oion  to  niirate.s  I*  iilirJorlK-d  vi'iy  i|iiiekly  by  growing  ve^^tation,  and 
the  more  aetive  the  conversion  and  the  growth,  rlie  ^rwitcr  the  appro- 
priation. t""or  this  ri'ssiin,  water  fnmi  the  same  soiii-ee  will  ot>en  show 
!(*«  i>n  analysis  in  summer  than  in  winter.  But  activity  oi'  vef^-fjitiim 
ia  not  responsible  alone  for  this  iliflfinaiw  in  amount,  for  in  the  case  of 
l«r(je  iHxIie*  of  water,  a*  laktw  and  pinnU,  the  nite  of  movement  of  the 
water  has  gi-eat  inlluenoe.  During  the  warmer  months,  when  the 
npjM'r  luvei^"  arc  wanner  anil  consefiueiitiv  lighter  ihiiti  ihc-  lnwer,  the 
latter  Ijeeonie  neeessarily  stagnant  and  stratified.  The  ammonia  which 
acoiim(ilat<9  in  the?ic  lower  ittratn  diKv  not,  ih(>refijn>,  tH)m«  M  the  Mr- 
fcoe  until  culd  weather  approaehes.  Then  the  upper  layers  lieeome 
'^Voiv  diiise  and  tend  lowaitl  the  liotlom,  eausiufr  n  <lii4 placement  of  the 
lower  layers  lowanl  the  surface  and  general  uniform  mixing  of  the 
emiro  volnnn-  of  wntvr.  Another  elejnent  in  tlie  stirring  up  of  tbc 
viit«r  of  poud)<  and  lakt«  is  the  action  of  wind,  which,  however, 
not  extend  Ix'voikI  twenty  feet,  Slil!  another  iufliienei-  tfi  be  eon- 
le«il  is  lluil  of  ^prinjis  at  the  bottom  and  Bides,  which  tend  to  keep 
tile  water  in  motion.  In  t hi?  ease  of  flowiii);  rivei-s,  the  water  U  of 
comparatively  uniform  coJiigniHition  at  all  depths. 

AuimoTiia  is  vcr>'  ebanieteristic  of  sewage  pollution,  the  o3[i<]atian  of 
which  yiehU  it  in  ahiindniKf  nndcroonditium^  whh-h  do  not  {XTinit  it 
to  \iv  nipiflly  oxidtwd  to  nitric  acid. 

Ammonia  a^i  it  meni-s  in  ilriiikinp-water  ii<  of  iisi-lf  incajwihle  of 
priHlneiii^  liannful  etrects.  Itt  amount,  however,  is  of  grr-.iter  or  le^ifur 
sipnilieanee  according  to  cirenmsiances :  that  from  ch«n  and  properly 
store«I  rain-water  i*  of  far  lewt  ni};niti<nmK'  than  that  from  other  iwiler*. 
In  the  one,  it  tnay  Ih>  considerable  in  amount  and  mean  but  little;  in 
others,  ii  is  UHiially  i-videiiee  of  dii'>iTn|M<Hition  of  otpinic  matter.  It.* 
amoiinl  in  goml  water  jf  not  larRe,  and  on  account  of  o.'cidation  and 
abeorplion  by  vegetable  growth  it  (hxw  not  aeamiulate.  And  even  id 
igi^|M"llutiHl    w.nteivf,   when    vegetation     is   active,   oxidation    uiid 
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ub<wr{)tioii   may  m  diiniiiifJi   iti-  umotiiit  that,  taken'  aloni;,  U  ai^ 
lead  to  false  concliiFimna  a»  to  tlie  chunirler  ot*  the  wiitvr. 

Albumitiold  Ammonia. — TIh-  Mi-itilUtl  nltximiiiiiul  ummnniu  U  nm- 
moiiiii  wliich  is  |ir<iilii<¥tl  in  tlie  pnicews  of  aiialvMB  of  wslcr  In' ihf 
ndion  III'  a1K;itiiic-  [Hi'iiiiiiJ^iiiiitc  of  jMHitviiim  on  nitnigvnipnr^  tirptnli? 
iniittir  hitlRTto  Liiiik-Lumpiii^'d.  Tlio  result  uf  the  nclion  \^  a  pj'ltuinf 
ujiof  the  organic  innitenuid  IJK' ixiiiyiTxiiin  of  tlic  iiitrt^ii  Iniiraiiivuiii, 
wliioli,  a*  i"  IIk-  oiiH-  with  "  frw  "  ututiioriia,  juirwee  out  of  tlie  wnlcf  in 
the  rteani.  This  matter  may  Ite  of  titlKr  iininmi  or  vrju-mlili-iTipn, 
aiul  it«  rhanii'tiT  i.*  of  liir  cn-Jiici'  iiii[>ortuiKH.-  than  (lie  amount  "*"  liw 
yield.  Tlims  a  water  grushly  iwliiiK'd  by  fK-«iigr  iiuiy  yii-ld  W  llian 
anotiuT  (|iiii<.'  frtH-  fixmi  ^iieli  con  lain  i  nation,  but  rieh  in  Hi>Mil(iil 
vegctitble  matter  of  uo  ^mit  Kiiiilan'   ini]i<>rtan<¥. 

Animiil  ot^uie  ninlter  i>  (In-onqui.'Mil  miicli  moi-r'  nipidly  tluin  ^'q^ 
etuble  matter,  ttmic  kinds  of  whieli  are  reniarkiiMy  iiei'miiiieDt,  "iiih. 
lor  iustuiict-,  a»  the  Aul>stan<'i!<  whii-h  iin[iiii-C  tlir  lii>iuii  <xilur  hi  ihr 
wutent  of  swamiw.  Animiil  mutter  w  Holier  id  niCmj^eti  than  itfp- 
table  matter,  and  i-ouM-(|iieiiily  a  staled  amointt  of  nlhnniinoid  ;uiiiDi<a(i 
re|)ri'?M-iiI.''  de<-i«n(iii»iliiin  of  a  larger  iimomil  of  the  latter  iluui  of 
the  former.  In  other  wordt^  a  Kniall  atnottat  of  auimal  malifr  «ill 
yield  an  mnch  alhuaiinoid  amtnoiiia  il*  a  larp*  amonnt  of  vt^[fuUe 
matter. 

InaMiuieh  as  animal  niatlers  iin-  of  f»r  jrii-aler  .-if;tiifi<aniv  than  vt^r- 
table  m»tter»i,  it  nlu^t  lie  ihair  ihiit  the  imunnit  of  ulbntniiwrnl  ,inmi'iiii» 
ia  of  h-s«  imjiortaiiee  than  its  origin.  And  ^nxw,  m  the  analv>t!>  uf 
«-ater,  the  »mnioiiiiis  tln-mselvt*  give  no  indinilion  of  their  nr^iin,  lliwi 
iti^nitimiieo  iTim  he  mea>ure<l  only  with  the  aid  uf  c»4inuilHiUf^  of  iiUaf 
Kiib>tiineex  :  .in<i  often.  a]>o.  a  know  U-d)f(-  of  tlw  Miurcv  of  \\w  walrt  aul 
its  snriYiimding)'  will  be  re([nin'd. 

Nitrite*  Rnd  Nitrates. — 'Che  nmrndiiin  formed  in  tlie  fir^l  ttt).r  ^f 
deoum]Misili(ai  and  that  wiu'biHl  nnl  of  the  air  by  min  arr-  i>xi(tia<l 
eveiitnally  to  nitmtex  under  the  inlbtenee  of  the  Mi^'alle<l  nitiil'vint!  la^ 
teria,  and  thii-  t-taije  innrki'  the  eoinjilelion  of  ihe  )>iimv.-<.->.  Hie  iiiwi' 
iieid  formetl,  eoming  in  eonlaet  with  uirthy  and  alkaline  rarlmaitrs. 
nttueki*  them  and  nnili^w  witli  i  he  \m.-<'»  to  Ibrni  nilnile^  and,  in  ^i  'li'iiifr 
libirates  earlton  dioxide.  The  iiitnfyiii);  |inii%» oiHiJDf  i»i>l  hUhii"  w  |I* 
body  of  the  wnli-r  itself,  but  to  a  mueh  greater  extent  III  tl»e  iiMi-istirt* 
of  the  Miil.  "I  that  a  water  neli  in  all  niiuiner  of  orgmiic  sMti*l!ilK«t 
linderpM's,  under  liivomtile  iiin<titioii><,  this  purifying  ]iroii'w  in  iw 
fiillei-t  degree  when  it  enters  the  will  at  tlie  MirfaiT  and  iK-reolatt*  4o*lj 
downward.  Ilefope  the  stage  of  eoniplete  nilrifieiiiain  if  fMifh^J,  ifc^ 
is  an  intermediate  stage,  thiit  of  nitntiix  arid  and  nitrites,  hut  it  « 
]irob»ble  that  ilie  time  during  which  a  gtveii  amount  of  nitrogili  "H  ^ 
way  to  niinenilixiition  retnahi.^  in  the  nilOMi."  lorn)  is  extremely  *fcoit 
in  fact,  the  step  from  ammonia  to  lutrte  ueid  i»  ])ni4-ti<^^dly  in>-1anlBne<xi* 
Nttniti-Ti  nr«  .leldoni  absent  in  either  surlitee-  or  groiimi-waters,  ami  vnt 
l>e  prcteiit,  ef(Kx-iaIly  in  the  latter,  in  ([iiite  laiye  lunount  {»*  miu-h  a* 
or  7  or  nion>  juirte  in  100,UOO) ;  while,  oa  tlie  other  hand,  nilriuv  ait 
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[oot  onlinarily  present  in  unpollntwi  waters,  and  as  Utile  as  -j-^ts  P'^'^ 
ill  100,000  of  any  waf<T  is  IikiIciiI  ii|)iin  as  "  liijili." 

It  is  a  fa*7l  that  nitriitfw  are  r«Iiict-'d  very  midily  to  nitrites,  and 
lartlifirr  luack  to  ainnionia,  and  even  lo  nitn^'ii  jpiw  ilwlf,  liy  a  varit-iy 
>  of  oiTpini»rii»  wliicli  ut-t  in  tlic  abwnw  of  oxyg^-n.  Tliesc  art?  linowrn 
afl  the  tlffljitrityin^'  iKicU-ria,  and  whilt-  ihc-^?  .ipeciui  art'  doiitilW'* 
very  iinnirnms,  tmly  ii  linitdil  niirniR'i'  liavt-  ixrn  isiiiatwl  and  idL-nlilitd. 
Their  uotiun  is  inhibiteil  l»y  uxy^n,  as  has  bcoii  provwi  hy  Sliiliwr  and 
Mnrd,'  who  found  tliat  (Ik-  [irocc.vi  of  duiiitririi-iition  vcwiv'  in  <-nitnn--'4 
thiinigh  which  a  stream  of  oxygen  is  pastied.  This  was  contirnied  hy 
WoJMSonberg,  who  nhr<i-w<^\,  furthi>r,  lliai  mIiwi  the  buoicria  vorc  culti- 
vjitttl  in  iinMilI  vnhiuics  of  nitrate  btmiUou  in  lliisks  of  fiuch  shu{K-  that 
the  snrlaee  of  the  liquid  was  vcri'  j;r«it  in  eoniparison  to  its  depth, 
nnd  cxiHiscd  to  the  air,  ttiey  did  nut  act. 

Those  bacteria  are  common  in  sewage  in  whieh  tlie  conditions  for 
their  frriiwlh  and  activitv — absenw  of  iliJWolvcd  oxvfrt'ii,  for  Inetaiii.')' — 
arc  present.  Grimbert'  has  shfiwu  that  B.  typfimug  and  if.  cod  ciwi- 
niirni*  rc^iiiiv  nitr.ik'^  and  aniido  |iriiK'i|ik'H  in  cultuiv  nioliu.  The 
prodnvtiou  of  gas  appears  to  be  a  rtKult  of  the  sL-cvudary  nticrtioii 
on  the  antido  coniponnds  by  the  nitrons  acid  formed  tlirough  bacterial 
»4;tion. 

Small  aniouiita  of  nitritt^  in  water  may  be  derived  from  the  air  by 
absorption  or  by  tht-  eliansinjr  action  of  r.iiu,  and  may  be  due  U'  mn- 
tacc  of  metallic  snrfaces,  brickwork,  and  new  masonry  witli  the  nitrates 
in  :4ohil)nn  ;  but  they  arc  almost  never  prti«nt  in  what  are  ealli-il  larjic 
amonntii^  (one  part  in  a  hnndreil  million)  t-xeejit  as  an  indieatiou  of 
sewngi-  |Milltitiiiii. 

The  disprii|>ortion  between  the  amounts  of  nitrites  and  nitmtM  In 
U'^ter  may  alfMi,  perhajis,  I>e  explained  on  follows :  The  nitmttat  arc  the 
final  fitap'  of  complete  oxidation  ;  they  do  not  go  on  to  u  hi|;her  form, 
but,  bein^  iK-rnia«eiit  in  chiirai-ler,  aivnmnliUe  tu  the  writer,  nnless  wilh- 
dmwn  by  vejreiiiblc  lite  or  rcdnw<I.  The  nitrites  cannot  aceiininlatv 
us  such,  but  are  coiiverte<l  to  the  higher  form.  Thus,  the  lower  form 
in  oonsttuitly  [xitwiiifr  into  tlie  higher,  an<l  is  storeil  a»  suvb. 

Xitrates  varj-  considerably  in  amount,  owing  to  various  riusm. 
They  an;  almost  alwavs  |iresent  in  both  siiHiiC'--  and  gi-onnd-wali'i's, 
unlcj*  there  is  some  pn>ces.i  at  work  eausing  a  i*<luction  to  nitrites. 
In  unpo|]iite<l  surfaix'-watei-s  they  are  usually  low  in  anionut,  but 
fiiich  waterK  generally  i^ontnin  more  uilrogL'n  in  this  form  than  n« 
ammonia.  They  <lo  nut  aecnmnhite  grrnlly  in  such  waters  during  the 
wanner  months,  for  thev  are  abiiorlK.il  largelv  by  growing  vc'gi-lalion. 
Hcnw  they  are  more  abundaul  in  wintiT  In  the  warmer  months  they 
may  be  absorlx-d  almost  vvhully  by  growing  alga*. 

Gruund-\mters  contain  little  or  much,  according  to  cirenmstunoe«  ; 
in  virgin  and  thinly  scIiIihI  dislriets  the  amount  is  jmall ;  in  others,  it 
ia  usually  fairly  high.      In  Ibe  former,  it  is  mainly  from  the  aintuouia 

■  CVntrallilatt  fur  IlHkleriol<-in<-.  Alitti.  II„  Bd.  3,  IS'M,  p.  473. 

■  Annnloi  ilc  I'lnstilul  I'wAcur,  Jon,,  1)^99. 
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of  tilt?  rain  ami  that  formed  in  the  decay  of  the  organic  matterB  nat- 
imtlly  ill  the  M>il ;  in  tin-  littrrr,  it  i.*  due  largvly  and  mainly  to  the 
ammonia  of  domestic  wwajjv. 

Ciniiind-\v:iti;r>i  rich  in  nitrau----,  wlion  ex|ifii*('<l  to  li^ht  and  air, 
generally  become  more  or  less  rich  lu  vegetaljlc  growtli,  and  po"n-r  in 
nitnitci). 

Like  iiiinimniii,  nitiiiU':'  in  walpr  »rc  not  of  tliomwlvc*  i»  anj  »uy 
hnrnifnl  in  the  anionnt?-  foinid.  They  simply  repreK-nt  what  «'a^  uncv 
onrrniir  iiici\^-n,  bnt  iidh'  mitiiik-li'ly  ndnoralixKl.  Nor  t>  llii-ir  |>re»- 
cnec  any  iudication  of  the  nature  of  the  orij^inid  orgsnJc  matter,  wlii-tlter 
animal  or  v<^-tnl>le,  n»d  thiii  can  lie  inferred  only  when  ather  conMit- 
tientf^  arc  considered.  When  pn'wut  in  eonsidcraltic  or  vcrv-  lii{^i 
nnioimtH,  they  indicate  a  oori-esixuHlinj;  tifgrec  of  jiniit  jHilKition,  per- 
haps rK'iirl>v  exiKtin^  {>i>lhitii>n,  niiil  (lie  {uiK^iliililv  of  fntnn-  dangt^r 
tWmi  iti*  recurreuee,  Tht^rtfore,  high  uitratett  lUiould  Knnetimcs  l»c 
[ookiil  n]K>n  with  Miiipicioti. 

And,  I'urthcrmore,  it  should  ije  Ixirne  in  mind  that  the  pvWciwc  of 
c\lcii!>ive  nnncndixntioti  diH-.-  mil  pi-cchide  ilu*  cxUlenee  of  pT«-.-«nl 
priMx***--  and  the  priwctiee  of  aelive  pnthogcnic  niiero-orjsinlMn!*,  lor 
oipinif-  matter  nuiv  lie  oxidized  rapi<lly  in  the  presence  of  liviiij;  patlwK 
gciiie  gfrtno.  Somctimt*,  very  lui-p-  iimonnU  of  tiilnilt-H  an-  fimad  in 
the  watei-s  of  veiT  deep  well?,  so  lai^  that  they  cannot  l)e  explained 
by  ilic  MipiKi^iiion  of  oxldi/i-d  >ewrtgi-.  In  ilux-  caw)*  ilie  caiis«  is 
surmistxl  to  be  fossil    remains  or  natural  nitrate  deposits. 

The  prcjcijce  of  niti'itOH  in  water  i?  of  far  gixiitcr  inijHtrtaiice  than 
that  of  nitrates.  It  means  that  fcmicntalive  changes  are  in  progra*, 
and  that  oxiilation  i:<  not  Iti-ing  enniplotixl.  M'hcn  ihi^  condition 
obtains,  nitrit4's  may  \w  ver\'  |H'rsisteiit.  J*ometiiuc»,  tiny  nienn  a 
rcdnctton  of  rlic  nilratcii,  which  takes  phice  mainly  tinder  the  influenci- 
of  denitrifying  orgnnism^.  cpittc  likely  tn  Ik"  pRwiir  in  htge  numbers 
in  decompotiing  organic  matter.  Sometimes,  neither  nitratett  nur 
nitrit^'ii  urv  pnwiiit  in  seWHfrc-poIhiled  water;  in  sucli  eases,  either 
they  have  not  been   fomiett  or  they  have  liccu  coniplctcly  rcilnciiL 

When  nilriti-s  an-  prtwiit  at  the  c-\j>ense  of  Hie  nitrates  Ijy  the  action 
of  metallic  surlin'cs,  ImuI  and  iron,  for  e.xiimpic,  the  mctaU  tlicm^elvea. 
are  present  in  at  least  det<-ctahle  traces. 

3.  Mineral  Uatten. — CMariDe  hk  common  salt  i.->  n  iioniiiil  constit- 
uent of  all  water-,  liain-water  lakes  it  nj»  iVoiit  tlic  air  in  sniali  liwe:*, 
jMirticnlarly  near  the  sea  ci«i>l.  In  tlic  ■•jiccinien  of  rain  referred  to  on 
page  3'i7  as  rich  in  ammonia,  the  chlorine  content  was  0, ) :{  ]»r  1  Of),0(MI, 
which  i.*  much  iu  cxoe-ss  of  tliat  found  ni  many  inland  waters  Tlic 
Uiionut  of  chlorine  imniiallv  piTsciit  iu  ihc  milcr  of  u  di.->lrici  ilejiends 
on  location  aiid  other  condiiionr--  It  is  intliicnceti  very  pn«lly  Iiy 
pntxiinily  lo  llic  h«,  the  tiir  uVhivc  which  contain*  nccfs.->iirily  more 
tlian  that  at  a  distmioe  inhnid.  It  varies  iti  amount  in  the  siune  water 
with  ditlV-n-mv^  in  thv  anunint  of  rainfall  and  cvajioiation,  and  id  the 
din'cfitin  of  the  wind. 

Chloriuc  iucreadcs  directly  with  the  population,  and  its  amount  is 
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iafinenoed  very  greatly  l)y  a  proper  xyslem  of  servrorajj^  which  parries 

\hi  netnyiy.  tiiiiltiT,  ru-h  in  finnniini  »iilt,  lu'voixl  tin-  liiiiit.'<  of  tiic  itntiu- 

jp  ami.     Wlwrn  ite  jiniotint  rises  ubovt  tin;  iiorjiuJ  of  a  locality,  it  is 

iDilicMive  of  Mjwogc,  though  not  neccMuiHly  of  rpwnt  jxillutioii.     As 

whivi'  -It'll,  the  orfpmic  mnttors  bcoiiiio  mincRilizctl.  ami  no  luii;^-r 

MJ.-it  ill  their  oritcitml  form  ;  Imi  no  such  diiiiij£i'  tHfiirJ  in  lii<-  chloiiilc-, 

•itiirb  n-iiluiii  fixttl  iiiiil  iinrliaiiiiifl.  :inil  llit-y  niiiy  In-  tin-  only  t-viili-ncv 

n-mniiiiii^.     ThiB  a  water  |)ollutL>4l  by  sowagt  may  Iiavt-  it»i  oririmiv 

Milnigitn  ounvvrtoi)  to  tiitnitc^,  and  tlu>sc  in  tnru  may  U>  ii)>»orI)i'<l  liy 

Vt^iiWili'  tri^itvtli :  it  may  bo  clviir,  uolurli-iw,  o(1orU^r«s,  uiul  [lalatahli.', 

(m-  fniin  |uithogcnii;  luK't^ria,  and  in  evorj-  way  hnitahli'  fur  drinking, 

'>tit,  ni-v>-rtli>.-Ic—^,  tliL'  eliloriuu  rcuiuioft  ii«  a  witni'K«  timt  puUntion  tia:> 

"oainwi  in  thu  past, 

AwonlLiii;  to  PmfwMtor  Drown,  in  n  p'liiTil  way  4  runiiti<t>,  «r  20 
pftMns,  per  M|Uaiv  inih-  will  add  <in  an  avi^mgi-  0,01  jinit  of  chlorint- 
pKt  irK),OI>l)  t'>  tlu-  wnt'T  of  a  dislri'-t  in  .'«(»v")n.->  of  avi--i'agi:  How,  and 
l»)"iv  in  tinif  of  drmit-ht. 

Other  Mineml  Hatters. — Thr  total  anKHinl  of  di)««olvod  mineral  mat- 
ter in  any  drinking-water  de[K>nilH  ii[k)I1  the  clianicter  of  tlic  mtil  with 
H'liirh  tlw  »val.-r  luL-i  liwn  in  lonlait,  npixi  llic  lcn;:lh  of  time  of  oxjhis- 
'irv,  am)  iiiKin  the  amonnt  i>\'  ciirboii  dioxide  held  in  soliititm.    Not  vvi-ii 

•  the  luinli^l  and  \nii>l  in.soluhle  iVM'k^  wholly  esmjM-  the  solvent  power 
of  watrr:  no  iniueral  in  abi^olntt^'ly  inxolnblo.     .Silicattr  of  alumiiiiiin, 
whiiJi  is  lenrt  aeted  upon,  is  Bulul)l«  to  the  extent  of  iitwnt  1  part  in 
^<Xl,tMK>.     Silii'ionK   rmrks  in  (fcnend  an-  altaeked  only  v«'r^'  flightly, 
ivhile  liiue»Ionoc  aiv  diirj*olvt<I  with  eonii>amtivi-  eiiw,  and  yield  om- 
K^idt^mldi-  cjdrinm  and  mat;nt?iinni  earlmnales,  (-H|H^ially  if  ihi-  water  is 
Hfidi  in  fivt!  rarboti  ilioxido.     (jynsuin  idw>  is  iirtcd  ujmhi  very  frwly. 
B     Sntnv  waters  eoiitain  ver>'  large  amonntit  of  mineral  niattiT,  «lerivod 
BlWiiii  iWply  Hitniitiil  nutiiml  drpiwilj",     Tlie  CarUliad  tprinp*,  for  ex- 
y>>in|ih-,  are  «iid  to  l)ring  unniially  to  the  surlace  enormous  amounts  of 
■MNtium  I'iiloridc  niiil  <raldiim  •Ttrboniitr,  l»-T<i<Ie:*  2,-''iO0  kiloK  of  mleinin 
iluoriik-,   iJU(),UOU  of  Hmlium   carbonate,   and    I1,UOO,UUU  of  sudiuui 
Milpluite. 

»)tf*ii)<w  IIh-  onltmiry  Kiilti!'  of  the  alluilics  and  alkaline  itirth«,  most 
iiutiinil  wat.TH  eontnin  at  least  very  inimite  amonnis  of  iron,  Appre- 
<^i»lilf  amoniilH  of  inm  mak«-  wjilcr  nm^iiitnble  for  juiionil  diuneHtie  and 
^  l<tiliniv  |inr]Hn^-«.  It  causes  staining  of  ilothes  if  need  in  the  lanndry. 
Bttnd  licniLielM',  <lys)M-|iniii,  and  coiiHliiiation  if  nixtl  hnbitiially  for  driiik- 
^ ill g.  It  i-niiiM>t  )><•  nsetl  for  ilyeins,  and  ns  little  us  1  pnrl  in  1.110(1,000 
B'**"'"^  <i  nnsiiitahle  for  iim-  in  liIitK^hi-rii-s.  A  (|niirti-r  of  a  graiii  |M>r 
Knllon  in  >iil1t>-ieiit    (o  impnrt  a  distinct  chalybi'atc  tiiHte. 

Tin'    |N-nnissihte    total    aiuouiil   of  dissoIve<l    mineral   constitut-nts 
^iiiKit  In*  ■Int«^il.  )>nl   -V)  juiri.-*  in   100,00(1  urv  ^-iiorally  held  to  \n' 
'*Oi.*»Mve. 

ITirilliiim — Hanlni!!w  in  the  cajxteity  a  ivaler  has  for  deoomposing 
*!>■  [I  depend"  on  thv  aniotiul  of  sidto  of  M^  and  Cii  in  «<ilnlioii, 
'>«t  hfnce  n|»on  the  elMira«ter  ot'  lli*;  aoil  with  which  the  water  has  bwn 
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in  cniitacl.  Wnt^^r  frniii  nx-If;!  which  yiclJ  limp  and  tnagnoda  will 
[inibably  bf  ban!,  while  that  from  those  coiH|K>!»fiil  <il'  nliiiiiiiw,  vilicra, 
I'tc,  will  |iiii!iiihly  Im-  .*()(■(.  Soiiio  !*aii(l!stoiii:j<  will  vJehi  soft  and  trtbcr* 
bard  watm'.  iioconlinp  tc  the  nature  of  tho  ncnieiit  which  hindn  iho 
grains  together.  The  cImiii-iiIh  nin!>ing  imnliio'v,  iiarticiiljirly  the  ral- 
ciiini  i>a[|.s  hiivr  tlu'  imijicrly  of  making  new  combinations  witli  the 
fatty  acids  oi'  the  wosip,  and  [nvvetiliiig  the  loniiation  uf  «  luther  iinlil 
tht-y  hfivc  Ih-i'ii  !<Jiti.-«liod  :  1  grain  oi'  chalk,  for  instance,  will  use  ii|>  1+ 
of  ordinary  !-j;i|)  bcfoa-  any  effect  nan  l>e  pi-oduccii ;  lieuov  onomiouct 
waste  of  ^iwiji  ooi^iu'!^  from  ibt-  iim*  of  hunl  wat*r, 

Harcliicjw  is  dividctl  into  "temporary"  and  " pennanwit,"  TTie 
fornior  i*  dnc  to  Baits  whioh  aiv  r«itiovtible  by  boiliug ;  tiie  la(tfr,  to 
thow  whii-h  uro  not  tlu.rrfby  aftW-tod. 

Wat*-r  containing  i-oiis  idem  bio  free  fT),  can  twki-  nj)  iind  hnUI  nin- 
sidcrublc  farlionnlr  "f  liria-  by  nKMh"  of  this  gaif.  S>me  claim  tliat  the 
cnrlwnatc  is  chiuiged  to  bicarlxinat*?,  but  this  voni]>oiind  hn.*  never  lieen 
imilnt«i.  If  the  ga.-  U-  (■x|M.'lltiI  by  hutting,  tht-  solvent  powriT  do 
Kmger  remains,  and  the  amount  so  held  is  precipitated,  and  then  ran 
cscrt  no  more  inflnenc<^  hi  i-an.iing  hiirdm<?!>.  'I'Ik-  fldoridc  and  .■<id- 
phatc  of  oilfinni  an.-  not  iiffwlcd  by  boding.  Magne«ilnin  carbonate  is 
precipitated,  but  redissolvcs  on  pooling. 

Tilt-  ditrfreiiw  between  the  original  hardness  and  the  huHneM 
remaining  after  boiling  is  the  "teni|Mjranr" "  Imrdness.  Penuanenl 
hunlni'.'vi  i.i,  then,  due  !■■  thrive  niiIih  not  ullVcied  by  boiling,  that,  vn, 
to  oilriiini  eulplinte  and  chloride,  and  nKignecinni  saltf  ;  and  if  al>ove 
5  part«  in  100,(K)0,  is  eoinnionly  r(T;»nle<l  a»  cxwswive  and  iiijnri- 
oiw.  (lalcimn  anlphate  \^  not  alone  objectionable  in  drinking-water, 
but  alsf.)  in  watei*  iixii  in  UiIIi-in,  .■>in(T  it  \»  lens  solnble  in  hot 
ihiui  ill  cohl  water,  and  tlnis  f'lrnis  a  "  «.'ale."  Scale  is  of  two  kindf  : 
that  due  to  the  teriifmi'nrv  bnnlne.-,-s  (fiMily  rftnov(.Hl ;  uiid  that  from 
CaSO,  which  is  luird,  very  lulliereut,  aint  removed  with  diflionlty. 
The  Inlter  i.t  deixwited  the  more  freeJy,  the  higher  the  temperature  nf 
the  water. 

Boiler  scale  miniiirm-  if  dne  also  to  other  cjuiso*.  For  inslanep, 
A.  U*'ieltar*l '  hii*  re]«irteii  ii  cuw^'  where-  m-rion*  dillictdiy  w«.^  caitsod  by 
ihe  formation  of  a  scale  of  silica  and  lime  from  a  water  which  eontaiiK'd 
only  '2.30  piirtf  of  Umo  nml  nuignii^ia,  but  ib>  much  as  2.liO  of  Hlioa. 
lioiler  scale  causes  great  loss  of  iiiel.  hy  interfering  with  ihc  Ininsiiii.-" 
won  of  hwil  I"  th(-  Milter.  Hurdne.-«  is  not  only  nndesinible  in  water 
used  in  the  laundry  ati^I  bath,  but  also  iti  that  iiwhI  fi>r  e<M)kiiig  pur- 
poses, for  it  makes  certain  of  the  VE^«tables  hard  and  indigestible. 

I  Bacteria  in  Water.  ■ 

Tlie  onlimiry  wnter  baeleria  are  of  the  Iiarmle-vi  nnd  heiifticont  kinds 
which,  ftqK'iiding  upon  dead  organic  matter  lor  sustenance,  hruig  iibuut 
itit  «nnvffsioii  into  sim|>le  ■■hi-mteal  suh!«tanrei<.  Hnw  many  species  of 
tbeee  saprophytic  or^ni<!m»  exist  in  water  cnuiiot  he  said,  but  about 

'  (.liviuikur  Zi-llriiig,  ISlll},  j>.  IkV 
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hra  bunclred  \*arieiieH  have  thim  fur  been  descritxid.     They  ninv  be 

pK><n)t  in  Hliuill  or  in  rniiniHiiisly  liirjrc  iiiinilk'n  widioiit  bciiij;  iit-ww- 

airilt  of  hygienic  tfigaifiraiDct',  although  usually  tbcir  ('siftteni-v  in  large 

onulwvH  itMlicul4'«  thv  pixM^ncv  of  an  nhiuiilmicc  nf  oi>n>niv  nmttcr,  mid 

yri  they  may  thrive-  and  multiply  cnorinoutily  in  wiitcr  <.-oiittiiina|^  a\- 

tiki*!  m>  orgttuil'   fixnl   iiiiiIi^-rialH.      ludcol,  mullijiiinklioii  ih'i-ui-^  itini'o 

rajiiilly  iu  iiuru  than  iu  jwllnlLMl  wntvr,  but  ilimiiuiliori  in  iiuiiiIkt  i^  hImi 

<Hnw  mpiu.     Ill  impure  wator,  they  mulliply  slowly,  i»ut  ihtiir  giMutb 

it*  iM«istciit,  ami,  uudcr  urdiiiapi'  imtiinil  PUii(litioiii«,  sudtk-ii  murkud 

diiiiiiiiiiiiiii  in  nundicr  d'>fs  not  iKurur. 

Tlif  onliiiurii'  wut*T  bunlrrin  itiv  found  in  nim-Ji  f^ivtitcr  nbundnini-  in 

l»tif£u<e-wat«r»)  than   in   those  dcrivLtl   from   the  soil,     Indend,  muny 

ol)iirrv«rH,  iii(rtu<liii|^  Koch  and  KnteiilceJ,  haw  inaintiiiiiud  tbiit  wiiters 

fi^ni  thtr  iiii|>iilliitMl  ftubeoil  arc  practiuilly  i>terile.     This,  however,  has 

*Mvn  oliowii  hy.SilKwick  and  Fr(»«it>tt '  to  irn  not  the  wuti^.     Uning  im- 

pi^ivitl  metl»>id»  of  invcf^tij^itiuu,  and  juiyiiig  t'lxviiil  atu-ntion   to   the 

»noin'  of  ihf'ir  mittun-  incdiii,  t!io--*e  nbrH^rvi-rn  di-inonntrat«l  ennohiHivt'ly 

^.  tlfcil  wliolly  nnpollute^^l  I'prin^,  Willi,  and  tube  wtJN  mayyit'ld  iMinsid- 

^^^nihJc  niinilMTH  of  bacteria  and  tum)«time»  a  groatur  abundauce  than  Lt 

■''^  ttitiiinitl  in  Miint'  nurfiici-vfali'i^i.     In  thiir  pii|KT  thrv  Mate  ''  tluit  the 

|^:il(.-fl  art?  renmrkiible    not  onlv   for    the  -ilow  (frowth    uf  the  njiecita 

I>ri-Hi-iit,  tnii  alM>  fur  the  idw^'iiii.-  of  tifpicl'viug  (niloniit*,  und,  in  many 

^-I^^Latii,   fitr  tlic  abundance  of  ehroinoj^nic  varieties      The^e  faetn  are 

^banpeatNlly  im|N)rtant  an  indi(iilin)r  the  total  Ht).i(!nc«  of  cuntiiiiiiniuiun  by 

-"l-»l!tiHry  Mirfaec-wjitcr,  and,  an  far  iis  they  pi,  they  strcnjifthcn  the  con- 

tiilrii<-«-  with  wliii-h  well-pniK-ct^J  ((niund-w-aterH  uiay  be  re^rdwl  mt 

'^•iironi'  of  ptiblif  WMter  i^iijipiiiw."     Tluir  [■ineliisionK  i«nl  rcwuJt»t  have 

^^W-cii  iiHilirined  a  number  of  tiraen  by  other  coinpeteiit  investigators  elue- 

^FWkvn>.      Onmnd-wutt-tw,  when    brrai^^it  to  tlio   .-turEioe   and   exposed 

^«"»  tlie  air,  soon  biv-omc  rich   in  the  oniinary  forms  of  bacteria,  which 

fiiii]  in  them  the  <i>ndition!<  atv^^^ry  fiir  extniordinarily  nipid  inulti- 

id  i  tail  ion. 

Surfiioe-waters  var^'  very  rauoh  in  their  bnett-riid  eiint«nt  accunlinn 

the  ooo<]itioni>  prcwnt  at  any  o»<:!  time  favor  or  retard  growth  and 

aintiH,      Suiuhine,  influx  of  fiioii  material  or  of  wib.-'tanees  iiuniieal 

ta  bacterial  life,  sedimentiition,  .itid  growth  of  higher  oTpnii'^iii'  uel  for 

t"or  againr^t  incrcax-,     Su^jwndeil  matters  in  their  descent  earn'  down 

*iih  tl)rm  the  bacteria  that  have  gatliered  n]Htii  tliem  ttr  have  \hva 

^tangU-d  by  emilaot.     The  <liniinulion  in  tlK-ir  i»inil>er  by  this  means 

t^  mnre  marked  in  still  waters  ihiin  in  rivers  with  rapid  motion.     The 

KTowlb  of  alji)!'  and  other  wal^^'  pliintf  criuiHtv  itimiiiulion  by  removal 

if  iIk-  nutrient  materials  upon  ivhich  the  bsicteria  tlejiend,  !m<l  proliably 

*bn,agb  some  other   influemv   not  yet   <ii.'<eovered.     The  ineriMw?   in 

"Werin,  Hnmolimo  noticed  duriu);  the  wilder  ni(inth«,  U  explained  by 

^noklond*  by  the  fact  that  iu  winter  much  water  runs  iu  over  the 

^riace  from  maiinred  fielil". 

'  Rrport  nf  lli«  Slal«  BimrI  uf  Hvnlili  of  Mkbhii'IiumiUh  fur  11^4,  |>  43&. 
'Ttie  bcterial  I'uriliukliuii  uf  Water,  Irinuloa,  IWT. 
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Besides  ihofte  foi'mx  whoi^  natui'al  Imbilat  U  wat^,  ochers  are  otVi>n 
|>rt>i!K-nt  wbiwc  imtunil  habltnt  i»  ttii-  luxlicf  uf  tiihii  nml  iinliimU,  and 
which,  ill  water,  are,  theivfiire,  in  an  iinDalural  DitiliiiDi.  Thet« 
foi'iiiK,  which  ini'hiiic  ihr  |iiil.li(igci))c  vnricTJcw,  |>n>lNilily  ilo  tint  iiivix^M; 
it)  number  in  water,  whether  tlif  latter  lie  pure  or  extensively  polluted. 
Tliey  liv<!  ihr  a  cArlaiii  limit,  n-tainiii^  tht-ir  vinilenoc  in  undiuiiiiittlied 
cletiree,  mid  theu  teud  to  bceouie  nKHlifutl  in  thi^  respect  and  rapiilly  to 
(ht^ppear.  Th-;  gi-rnin  of  ehoh-ra  have  bi^cn  tVniiicl  in  Seine  water  in 
an  uotivi'  stutv  lifter  w-vt-n  dayif,  ;iii<)  in  urdinjiry  drink ing-wutcT*  ks 
long  as  twenty  days  after  addition.  The  typhoid  fever  urganlHia  will 
live  for  longer  or  shorter  |N>ri(xli>,uc!eunling  tocire^unDitHiice^;  it  Im^been 
ff'Uiid  ill  very  pure  water  after  more  tliaii  seven  weeks,  while  in  badly 
polluiitl  water  lu  life  !.■«  very  short.  Snnsliinf  and  tetnperatun-  apgrnitr 
t<i  have  verj'  d«-ide<l  inlliicTKi-  u(wm  its  viljility.  The  influence  of  sun- 
shine U  modified  by  the  depth  of  the  water  in  which  the  ui^iiiiini  is 
siupcndi><l.  Buchiirr '  litin  shown  thut  the-  rays  of  the  sun  will  kill 
cultures  of  the  typhoid  bacillus  at  a  de|ith  of  abont  6ve  feel  iii  four 
and  iL  half  hours,  while  «I  iloubh'  llmt  dqitli  their  etTVvt."  are  hardly 
jx-reeptible.  While  it  iw  true  that  thit^  orjpmiwm  wirvivee  longer  in 
uold  tlian  in  witnii  wi-alher,  it.  eiiiiiiot  Ik-  .•aid  definitely  that  the  rea- 
son lies  iu  any  itiheniit  greater  resistauee  to  the  influence  uf  ouki 
than  to  that  of  heat ;  and,  iiideiHl,  it  sivni!*  mon-  pmliahle  that  the 
eitphinulinii  ]>■  to  he  found  in  the  faet  that  in  wurin  w«ilher  tin- con- 
<lition.-i  ai-e  mon'  ta\oiiibIe  to  the  growth  of  the  eomnion  >peciep  of 
water  haeteria  which  are  believwl  to  siirrete  subslunces  which  exert  a 
toxic  inlliK-nee  on  |i:itli>>gi-nie  varielii^  and  enu»e  them  to  disappear. 
Tlie  belief  that  such  to\ins  are  Ktrretcd  if  streii^hcned  by  the  rcseardics 
of  Kninktand,"  who  iihowx  that  waters  which  do  not  favor  baelemi 
r:iri1tiplieatiuu  are  eluinmil  in  thi"  |«irtieul«r  lui  Iwiuf;  boiliil.  He 
jbund  that,  while  anthrax  ^poree  were  nnich  diminished  in  number  or 
nciunlly  de»troy<:iI  in  ii  short  titne  in  unslerllixed  wator,  their  uunitxnt 
were  not  redueed  and  their  viniletiee  remained  unim(Hiirc<l  in  sicrilv 
water  albi-  npward  of  seven  nionthf*.  The.-e  tosie  .-nb^tanees  are  pre- 
sunud>ly  nut  >ecn'teil  liy  all  forms  of  wnter  bnetcriu,  but  only  by 
eertain  speeic^  which  may  or  may  not  be  iire-ienl  in  any  given  water, 
and  it  is  rifriinUiI  iis  nia-<t  liki-ly  that  they  nt\-  not  inimieal  to  the  sanie 
extent  to  all  varieties  of  [Mitlu^'nie  l»aeteria,  but  that  siibstanrtw  liiinn- 
liws  to  one  kind  may  lu-t  fatally  on  anoth<a'.  In  gi-n^Tal,  it  may  t>e 
"tated  that  t>iilhi>p'nii'  baeteria  which  form  sfwres  ivtain  ihcir  vitality 
iiiid  virulence  longest  in  any  kind  of  water. 

Cfiiieerning  the  :<igtiificanoe  of  H.  oali  rmnmunint  which  i«  cseeedingly 
common  in  drinking-water,  there  is  much  difference  of  ojtinioiL 
KriiM','  in  1S94,  assi-rlt^d  that  ihi^  or^nisni  1:*  !*o  nbi<(uilouB  that  it 
<ninnot  be  regarded  iis  characteristic  of  sewage,  »n<I  in  thi*  pisition  be 
has  received  the  support  of  a  number  of  other  investigators,  who  bavQ> 

'  r«ntralbInU  ftir  Balncrioloffip  iinti  PnrnHtcnkimdc,  XI..  p.  781 
I  *  JoutiihI  of  Stale  Mi'ilii'iiii',  JaniMn'.  ti^tl't. 

^^^  *  Zcitsclirift  fiii'  Ilygii-iiir  tioJ  liiri>cUuiwkniiiklieiii>n  XVU.,  ^  \. 


I 


WATER  SUPPLIES. 


335 


euocvcikf)  ill  isitlntnifT  tlic  (irg»iiism  fniin  nil  wHtertt  cxnniined,  alllion^h 
iu  many  ciiwes  it  wa«  nt'cc-wiiry  to  t'lnplny  large  vnhiiiies  of  the  f^uln]ltl.'^ 
Wfi*H'iifi'lil,'  for  ex;im|jlc,  i-xaiuiiiiHl  lliirlv  wau-i-s  uf  (n»o«I  oliai':ieti?T 
auil  twL'iny-tiix  of  ImiJ,  sukI  liiilt-d  in  uu  iii^tjinw  tn  fiiiil  it.  Wrtli  bjid 
watfrs  and  witli  srum-  giHMl  onen  (fmiii  dw|i  driven  wells,  for  esaraplo) 
it  was  fouiiil  in  each  cc.,  hnt  mui^t  of  tin-  jjrjcxl  »jHfiwR'n.»  yiel<kfl  it 
only  when  liiii^e  volumes  (a  liter)  were  planted,  IIouoc,  in  hit-  opinion, 
tiK"  finding  of  virnlent  eolon  luicilli  in  wjiter  iIim.'k  nol  nccxwsjirily  in- 
dicote  twal  eoiitaniiniitinn,  Ilorrocki^,'  however,  bclieveB  thut  the 
(•tatenieiit  [hut  tlie  or|rikiiisin  o\i.-<t.t  iiliiiiidikntly  in  all  Wiilen*  iind  .soiU  in 
based  on  a  very  elsiatic  interpittation  of  its  chanioterii^ticji,  as  apitiurs 
to  lie  tnu-  rmiii  \Vfi^-i-iifel(l'!«  -talement  of  them.  Houston  '  inni'*!*! 
upon  the  imporlance  of  piiyinp  atteutiun  to  the  r*'lativc  uliiiniliuii-c 
of  ihU  and  otlw-r  sewage?  oi^nismt;  in  elaftsifyiiig  water!*  as  potahle 
or  not,  and  on  tin*  jwiut  iiio^t  bnctcriolopijit,'  ugrtv  ;  but,  lu"  HorriH'k^ 
points  out,  it  l>ecomes  a  diflieult  ijiieKtion  to  decide  what  (luantity 
of  Wilier  (iintjiining  llie  Ivpicsil  or^^ini^tn  i^  In  Ih-  enni^iden-fl  indien* 
live  of  sewage  contamination.  From  the  tact  tliat  wati-r,  |iollut<^Hl  by 
1  jMirt  of  sfwiige  in  10(1,000,  will  at  the  end  of  tivo  [nonths'  KtoRij;« 
still  show  the  JKieillns  if  200  cc.  arc  employed  in  the  test,  lie  would 
eay  "  that  a  water  wliieh  contained  H.  eoll  !*o  s|Kii-tM^ly  that  20f)  oc. 
r(i|iiinil  to  W'  tested  in  order  to  find  it.  Imd  proljubly  been  [Hilhitt<d 
with  sewage,  but  ihe  contamination  was  not  of  n^^ent  dali-."  Hiikii* ' 
M'liiild  it^iiil  water,  titlier  than  llml  from  det-p  well",  a*  pmhably  Kife 
which  yields  the  oi^nism  only  in  gmiter  (piantitii's  than  100  ee.,  but 
liohlif  tluit  deep  well  watt-r  T<lioiild  not  yield  it,  no  matter  how  nnicb  la 
employed  in  the  test. 


WATER  STTPPLIES. 

IninK-<liat4.-  sourow*  <if  \vnivr  supply  comprise:  I.  Stored  rain. 
Surfaee-watei"*,  inelndiiig  river.-,  laki^,  and  galheriii};  Itasins. 
Ground* w a icrw,  indnding  wclli",  filter  gulleric«,  and  upriiigs. 


2. 
3. 
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1.  STORED  RAIN. 

Where  other  water  is  not  obliiimible,  and  where  llio  nutural  water  is 
pnfit  for  drinking  or  for  waifhing  and  otlwr  domestic  purposes,  rtored 
rain-water  is  used.  If  this  is  collwtwl  under  pri>jM-r  |ln■l'alltion^  to 
prevent  the  prc-j'iice  »f  extraneiniK  matters  of  UTidcsiral>le  eluimeter 
from  the  receiving  area,  and  properlv  sIoiIkI,  it  eonslidiles  a  most 
wholcBome  supply.  But  exwpling  wlnre  rainfall  w«ur.»  with  regn- 
Inrity  and  frequence,  (lie  uncertainty  of  supply,  especially  in  periods  of 
drought,  acts  as  »  grt-jif  dniwlwek.  An  iueh  of  rainfall  is  cipiivHlcnt  to 
5.61  V.  S.  giillonfi  jwr  wjuare  yanl.  or  '27,io2  gidlons  |)er  a«'re,  but 

'  ZeSlflchrift  fiir  Hjuicnc  iinil  liifi'dioiiskrcinkix'tlen,  XXXV.  (19(10).  p.  7t<. 
'  An  (nlnxliieii'iTi  in  the  Rnolpriolopicnj  Kinminnlion  of  \Vulfr,  Loiidim,  I90I. 
•BriiUh  Mi^icrtl  .LrtiTOiil,  IVi'ciiil".r-il,  I'm. 
*  Public  HwillJi,  Msrel],  1900,  p.  »^ 
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oulv  II  (^niaii  pRijwrtion  of  this  full.'  upon  siirfiwcR  (roofn,  etc.)  front     1 
wliu'li  it  may  be  collected. 

Thr  tolnl  rolli>c'tiii|7  iirui  of  the  mnf  of  any  Ixiildtiig  dejxtHls  no\ 
n\m»  th(r  sliajM.'  and  »tyle  of  the  roof,  bul  ujKiti  the  tinioiiiit  of  gT«l«l■k.«^ 
ucoiipicd  liv   iIk*  liiiildiiitf.     Tlius,  a  hottiw  40  teet  eu|ijare  will  hii'^wc 
praclitalty  l,li<lO  Mjiuirt.'  fwt  of  watprjihed,  or,  allowiug  for  Htv  projtr-^ 
tioii  of  the  etiv(9,  Koiiiewliat  iiion-,  aii<l  thi)*  wlidber  the  roof  l>c*  fl^^^, 
pitolii'd,  piiiibrel,  niHii^ird,  or  irregularly  diif]M>m.>d.     U|Hin  Mich 
aii-a,  1    inch  of  raip  will   yield  neorly  a  ihouiimid  (UJlT)  gnlloDs. 
ni(.':iti  aniiiud    raiiifall   of  Miij«>iuO)iiN<-lt.->   in   4'!. 1 7    iiu'lK'-s  niid   on   t^HBiift 
IwoiH,  a  niof  of  lhi>*  «ize  would   n-i-eive  in  a   year  over  4;t,()*H)  galloar—  nt, 
wliidi  U'onid  allow  fur  iill  the  iittHU  of  itic  o(Vii)ianlt«,  fordrinkit^^i^, 
cooking,  huthing,  laiindn-,  and  other  piirpo»e«,  iiuirly  1'20  gallonti  l^H"^ 
<liein.      Bur.  iindi-r  ordinary  conditions  of  wtonigr  in   etNtentt,  a  vt^mm-n 
large  amount  of  1>><^  o«-ur<  through  rva)H>nition,  and  thuti  the  da 
allnwnuiT  would  fiitl  fonn-nhat  below  thi.-<  figure. 

In  colleelitiK  nun  iVoni  mofs,  it  iif  very  iiccc!*iiry  to  tii»iin-  ckaii 
nefls  M'  the  supply,  by  all»wing  the  first  How  to  nin  to  waste,  tlierc^-^ 
avoitUnj^  eonlamiiiatiiin  by  dtrt,  I*fliv(w,  liinl-<lni|)pingx,  »ool,  and  !>(■-  1'T 
matters  dcpof^ited  u|miu  the  roof  and  collected  in  the  irtitten>.  A  na.^^i»* 
Imt  (if  nntoniatie  deviee-«  arc  in  iwe  for  the  piirixine  of  ilivertiiip  tl* 

lirft  wttf'hingD  uwsy  from  the  conductors.     After  this  hac  been  do  ■  ^nc, 
ihey  ehantre  position,  sn  that  the  sul>wqiient  fnli  is  suvwl  and  ^luny^t^l- 

Irreguiiirity  in  preeipitation  U,  at*  li!i~  Ixcn  remarked  iibove,  a  n-ri'^  """ 
dniwbiu'k  to  reliauei'  u]Min  rain  a.-"  a  sole  ..>u|iply.  Partly  <iwi«(r  i — =«• 
general  belief  that  great  biittk-H,  in  whieh  large  qitantitic*  of  e-ip?^^^ 
mvt»  are  uned,  arc  commonly  followed  by  heavy  rnio,  numerous  ex| 
menti"  have  Ix-eu  tried  toward  hn-jiking  drought  by  diiv^haif^ing  pow" 
ful  ex)>losives  in  the  npi>er  strata  »f  the  atnionpbere.  b«t  with-—  <*' 
tuiiiri'M,  A^  a  inalli-r  of  titer,  tliv  itk-a  of  eimni-elion  iH-twetii  Imt^^*"* 
and  rainfall  is  by  no  means  new,  and  lias,  indectl,  oonie  down  I'r 
times  antedating  the  use  of  giintiowder  in  warfare.  Funhermons 
vectigntioii  of  government  re*'ord»  liiu  rihown  tint  the  popular  twl 
has  no  fotindiition  in  fact,  and  that  great  buttleit  have  Into  as  'ils- 
folldWcd  by  perimU  nf  fair  weiitlier  n"  by  days  of  Ktonn. 

Rain-water  requii-eji  no  aeration,  for  in  ita  descput  it  ha»  alxnat;^*? 
considerable  air;  Init  nieltod  ituow  and  iw  i«hould  be  idiaken  with  **" 

oi-  poureil  rcp<.iitedly  from  on<r  vessel  to  anotlier,  in  order  that  they  u*"^*? 
lose  the  flat  ta-(e  so  oharaet^'rislie  <if  uiuii'mled  wali-r.  More«iver,  (h  ^•"-''' 
n«e  in  the  Hal  iMndition  iif  Iwlievwl  to  conduce  ti)  gastric  deraugnneB  -^"^'^ 
Snow-water  is  usually  more  impure  tlian  min,  Imxuusc  the  snowflak^  ^^^2 
l)y  rcHSou  of  their  Lirj^r  xnrface,  are  more  efliciciit  iii  removing  di^-= 
an<l  dirt  from  the  air. 

Oistenis  for  stonigo  of  min  shonld  be  m>  ooni<inH'1e<I  and  arniu)] 
III*  I"  admit  of  tasy  ins|iirtion   and  cleansing.     They  should  l>e  l"%-^j 
covered,  so  as  to  exclude  dirt  and  dust  of  nil  kinds,  inw.t'Is,  mice,  ai^^^ 
other  aniniaU,  and  to  slitit  off  light  am  nell,  for  the  prewncc  of  \ifti 
is  an  important  aid  to  the  development  of  lower  plant  formp.     ~ 
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lie^t  inateriaU  far  thdr  tuii^trLK-tion  arc  brivlu,  ntoni-,  oemoit^  and 
slate.  CViuent  maki-Ji  a  gocxl  lining  if  one  is  dcBiretl ;  mortar,  Imw- 
evcr,  is  nbji-ctioiiiiblc  on  mxinnit  I'l'  tlit-  silvfiil  priwcr  of  ivtitiT  iiitmi 
lune.,  wliioli  will  cauw?  progreiisive  iiicmu*  in  IiariiiieKS.  Cislema 
»l)inil<l  !)(.'  |)ro%'i(li'il  with  ovi-rtluw  iiip^-M  di^uhui'giiijr  into  tin*  i>|kii  iiir 
rather  tlian  into  the  hoa>»e  sewer,  aud  their  exits  ehould  be  proiocted 
liy  wire  nclling  iipiiiint  tlie  etitXHiUH?  of  loflvts  aod  small  animals. 


I 


I 


2.  SURFACE-WATERS. 

For  public  ^nppliet^,  e,-«(*«?Lillv  of  lai^  comniimitios,  i^urface-waters, 
a*  rivore,  hikt.^,  aud  oollecting  liiisius,  ure  gonerallj*  more  availubie  than 
groiinil-waters. 

I^irgc  river*  auiJ  Iiikt*  iin-.  nnfui-tnniilely,  very  eomniouly  .inhji-et  to 
mmit  extensive  pollution  by  sewage  of  large  eouiuiuiiitics  and  tiianu- 
fw^Uirin^  e»tiiblislniient--«  along  tln-ir  borders,  and  hy  the  waste  pnKlnots 
di«charg(xl  into  iheni  fram  s-iiling  ve)i>tel'«  and  stniniHliiiis,  .Mnny 
rivers  an>  siibjent  to  priijrr.-»ive  inertnst-  of  pollution  by  reason  of 
serving  a-  the  mort  eoavenient  reccpt^iele  for  (be  *ewiiK''  of  a  siieci-Twion 
of  tuwnFJ  and  cities  ImtatHl  at  intta'V!il.-«  fiiini  the  .-Miuree  to  the  mouth. 
Thus,  one  to^vii  tiike^  it*  water  from  a  point  above  and  di.-«!harg«!*  ita 
sewage  at  another  plaec  bi-low ;  a  second,  thrther  down,  take^  the 
uln.ui(ly  eontuniiniit«<l  water,  and  in  its  turn  di.«eh;irgi_<*  it.H  m-wiij^-  al 
niiotlier  eonvenieut  point,  and  so  on  for  tJie  rest  of  the  course.  On 
nctHmnt  of  the  dangiT«  atlciiding  the  uw  of  such  witter*,  winie  procew 
treatment  is  impenttively  demanded  to  remove  the  objectionable 
it*.  Tile  dirt'ert-ut  procesM.-s  uvuiUiblu  for  this  work  arv  couMdered 
here. 
The  public  niirxl  is  being  awakentti  gnuliially  to  lliv  wrong  pmetisetl 
ujioii  one  eornmunity  by  another  by  the  discharge  of  untreated  sewage 
into  what  is  it8  only  available  water  sn]iply.  In  the  <!a.-<*t  of  inl.iea 
jooatixl  iijvin  the  shoR'-i  of  the  Gretit  Liike*  and  other  large  Itmlics  of 
flesh  water,  it  is  coniEuonly  the  ease  tliat  the  intake  of  the  water  sup- 
ply in  liKWtiii  at  no  vi-rv  great  dit^tnnet;  fmm  the  outfall  of  the  main 
wwcT*.  Smaller  rivers  and  lakes  may  be  snbjivt  t-i  the  same  inttnences, 
though  in  Iftiser  d<yn'C  ;  but,  in  gc'ucnd,  it  may  Ik-  will  that  thejtf-  ixn- 
<?outndliil  more  ciwily.  es)>eciatly  when  they  lie  wholly  within  the 
jurimlietion  of  a  single  law-inakitifi  jHiwi-r. 

Ilasins  for  the  wjllccrtion  ami  storage  of  niiufall  aud  surface- water!* 
are  coiwtrncle*!  hy  throwing  a  dam  acros--  a  vallev  or  i^thi'r  convenient 
^depression.  K\|M-r]i'n(r  Iiilh  taught,  thai,  even  (liongh  involving  liirgi.- 
^siM'utlitnrc,  it  is  Ijest  to  strip  off'  the  surface  layers  in  order  to  get  rid 
of  all  org.inie  matter  and  vi^-tation,  which,  if  led  in  plai'e,  may  prove 
fruitful  sonixfi'  of  trouble.  The  water  which  gather*  in  theiu  has  op- 
portunity to  rid  itself  of  much  of  its  sasjiciuii'd  matters  by  sedimenta- 
tion, and  i.-*  num.'  orten  uk-*!  without  further  irciitment  tlian  othcrwi^?. 
All  "Uil'aee- waters  contain  more  or  less  active  vegctiition,  and  on 
tJiat  account  should  ulwuvc  be  kept  c-X[XK(cd  (o  light  aud  air,  oihcrvri.'^' 
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tiui  miniit«  j)ltintt«  will  die,  aud  in  tbeir  (hvmnj>oiiition   give  m  hi  I 

iitij>IfiiKiint  (jilur,  11)  11X11  nintH.-,  iitui   lu»Ic.      Stoni)^-   rc'*r\-oir!'  sboulJ  ] 

luivt-  .-uflicifrnl  tlcjilh  Ii>  |ir(-vi!ijt  llie  water  fmni  iK-wmiing  titutal  \i<  an  ] 

uiiplttununt  (li'fpixr  (luring  the  wiimi  niMiith:*  of  Mimnjcr,    In  »^tia]l»w  ] 

rctwrvoirb,  thiii  ii^  foiind  to  1%  u  cuinniou  occurrence.  I 

All   I'oimH'.-' of  »iirlu4H*-WHlvr   tor  |)ul>liv  Mijijily  nhould  b*- cnrrluIlT  I 

gimnliHl  flg;nin&-t  iMrwugo  contnniinution.      It  ii;  uftvu  nccesi^in-  lo  imitt  1 

jtrott-oliini  I'miii  ]M>Iltiiioii  l>_v  taking  grt'at  tntrL-4  of  Inml  mid  k(t'|ilii^  I 

tliem  free  from  bnniun  babitaliuns  itixl  industrial  plants.  I 

r  3.  OEOUND-WATEES.  I 

Some  I&rge  oominiiniticN  and  many  vinall  otKf  wlierv  nn  euiublfll 
bodies  of  sumce-water  arv  available  for  public  supplieti,  and  tbe  niijor- 1 
ity  of  (liitdy  i<vttli,>d  diiitri(>l<i  which  do  not  admit  of  (Miblio  Miiu-rviirl:«,  I 
dem-nd  upon  tlie  ground-water  a«  tbo  source  of  i^upply.  For  public'  ili^  I 
tribntion,  the  water  thus  derived  in  .iton-d  in  Koilulilo  n-rw^rx-oirs,  wliicli  I 
orteu  nui!.t  be  covered,  in  order  to  exebulc  light.  O  round- wuIit  '^  I 
destitute  of  platit  life,  but  is  geitenUly  more  or  less  rii'h  in  tniiH^I  I 
<.-oni«tituenL-> — nitralo-i,  and  liniv  HaltM,  fur  «>xninph> — wbieh  i-»ii-<liluK  I 
a pprop rill te  plant  food.  If  eximt^ed  toairand  liglit,  vegetable gri>ut1inu<'  I 
Start  up  and  1k-C'oi!i(-  very  luxuriant,  ami  givf  Hm- I'l  tinp)(«.-<nnt  laMi'^W  1 
rcpuUive  odors,  while  exclusion  oi'  light  and  air  pn-vcntt'  tlw  diflii^iy-  I 

For  individual  dometitic  Mipply,  storage  is  not  ordinarily  wvomt!,  I 
Uie  water  being  obtainetl  only  a«  immediately  Qc«dod  ur  pmfi  I 
periodioally  into  liniall  dii^triliuting  tauki!.  I 

In  gviienil,  uu[Ki]hjtcil  gmuiid-waler  of  not  excc.'<«<ivc  Innlocti  u  I 
preferable  to  surface-water,  on  aeoount  of  the  greater  expwun-  of  ll"  I 
Utter  to  the  many  rtRkt)  of  jwlludon.  Rut  it  ^ould  be  borueio  miad  I 
tliat  all  «>uro«»  of  AU]iply,  both  nurfaee-  ninl  grouHd-wal«>,  may,  (inner  I 
one  condition  or  another,  lie  subject  to  polluting  influc(ic<-s,  and  tluii  t<K  I 
condition.'*  pn-^'ailing  in  one  locality  arc  likely  to  l>e  quit*-  difTi-reiil  fiom  I 
tbosc  in  unotJier.  I 

Ground-water  e  obtained  from  xpringx,  or  by  iitnkiug  wdU,  or  ^  I 
oonKtnif-tini;  fitter  g)tlleri('i>.  I 

Springs  .-ire  merely  local  outcrrt])pings  of  the  water-table,  and  ■"  I 
wry  Mibj(-ct  lo  vnriatiotiH  in  (he  volume  "f  outflow.  In  tiim-nf  dtxnis'^  I 
tliey  MjUK-tinu^  <x^i."*  ihcir  (low  completely,  lK«auM-  of  Eill  in  tbrk™  I 
of  tlie  graund-u-aler ;  and  tlibi  may  Irappcn  ex'en  in  the  case  of  'if*  I 
locutul  at  the  foot  of  high  bilU  or  inoiintninv.  Tlie  popular  mio*! 
endows  i^fingw  witii  a  remnrkable  and  unvarying  degree  of  purity.  1^'  I 
they  stiare  with  otbcr  water?!  the  likeliliocMt  of  iHiimiing  jiidluu-d.  T*  I 
piis^ibility  (J'  <«ntiuii  inn  lion  after  and  even  at  tbe  point  of  iesuanor  fi**"  I 
tbe  ground  u  too  ofU'n  overlooked,  I 

Springs  are  common  to  mme  loiiilitit^  and  nirc  io  otlierH  of  xiinni'l 
eontoiir,  tlirir  prw«'iic»*  or  ab!*t«»ec  WinR  determined  by  conditions  d"^] 
of  tbe  Eurfaer,  but  of  tbe  geological  fonnatioiiH  Mow.  In  F»(r*.S| 
nod  2G  are  gbown  in  proBle  two  dcprew>iouti  baving  tbe  same  coutuvJ 
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but  with  voPf"  flifferent  arrangement  of  tho  uiwlcrlying  iilratji.  In  Fig. 
2-^  the  formation  fiivors  the  oukT')|ipiug  of  (springs;  in  Fig.  2lj  the 
op{nwito  w  tbi-  (ffl^e. 


Fio.  26. 


Wells  may  be  daswjcl  as  dug,  driven,  and  borpd.  Sometimes  tbejr 
are  dividwl  al«t  into  dfi-p  and  n/iuffow ;  but  thcwc  tt-rniK  iiji  n  briisi.-*  <"f 
rLL.'i.'(tfi<nti(in  arc  of  doubtftil  iilHity,  sinw  there  can  Vh^  no  general  agree- 
ment uti  to  the  line  of  division  belwwn  tlipin,  and  btennsc  of  th« 
abiienc«  of  any  ncoessarily  distinctive  jieciiliarities  in  the  water  yielded 
by  tnnliniiry  welU  of  liitfi-rcnt  tlepthw.  [t  t*  not  nnt-onimnn  tn  meet 
with  general  statements  that  the  water  of  shallow  wells  is  ilangerous  to 
hi^ltli,  and  nhonld,  t In-reforf,  Im-  iivoidit),  and  that  all  shallow  wells 
ifboiild  be  eondenined  and  filled.  As  will  be  seen,  however,  shallow 
wells  are  not  neeessarily  dangerous,  nor  are  deep  ones  always  snft  by 
reumm  of  mere  depth. 

By  some  writers,  the  term  dwp  is  applied  to  welU  whieh  obtain  their 
wilier  from  In-low  tin-  (ir,*t  imjH'rvions  t^tmtnm,  tlironjili  ami  Wviml 
whteh  thej'  have  been  extended;  while  the  term  nhalloie  is  applietl  to 
those  which  draw  fnmi  what  we  dewigniite  as  the  firx>nn«I -water ;  thiit  i*, 
tliat  collected  over  the  stratum  above  mentioned,  n^rdle^  of  the  depth 
at  which  it  lies,  Willi  the.-*-  rneaiunp",  it  rullows  limt  ii  shallow  well 
may  extend  (iirlher  dowiiwanl  than  another  classed  as  deep. 

The  ordinarj-  dug  wi'll  is  a  hole  dug  in  the  soil  down  as  tnras  i» 
nwwssary  to  n-iieh  water,  bthI  lined  with  brick  or  stone,  or,  btrtt^r,  with 
eartlienwiire  tuljes  of  large  diameter  made  for  the  purpose  in  short 
lengths  with  bevelle«l  tnlges  tn  .sei'iire  gii<«l  joint.".  All  l)ric-k  and  !^on<! 
lining!!  should  be  well  betMed  in  cement,  except  nesir  the  bottom,  and 
should  be  faet\]  with  tite  same  material  thn>ngl)out  their  upper  part. 
Tlie  impervious  lininii  is  neeossar}'  for  the  prevention  of  the  entjunco 
of  flurfftcd  washings;  but  it  is  very  generally  thRcaae,  lo  some  parts  of 
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the  country  at  least,  that  tlie  well  u  lined  dimply  vritk  lKld-etoiM%i 
wiihoiii  fi'iiu'til,  111)1  Iw  tbi-  piirjiiwe  of  jiuuring  fivwioni  fnnu  i^urfaw 
impurities,  but  to  prevent  the  sldet^  Irom  ravjiip  in.  With  a  jtroptr 
lining,  no  «urt;ii'e-wali-r  can  pJit^T  until  it  has  pasf«d  through  a  ilcfuh 
uf  soil  •^iiHirient  to  iuMux-  pnj]KT  filtruliun  and  [uinfieiition. 

A  <!ug  well  .-ihoulil  not  be  l*ft  open,  bin  should  be  closed  OHnjih-lvly 
ugHJiii't  (he  cntnini-e  of  dirt,  liiivc?',  and  lutimalis  ""K"''  «^»  t'wb,  niolev. 
mice,  and  rat-.  The  cover  i^h'iuld  1»  supported  on  a  well-st?t  curii,  jiud 
lie  wiHicii-ntlj-  tiglit  t"  prevent  ilie  rtrturn  i>f  waler  i<^lkd  or  mIIuwhI 
lo  run  to  waste.  A  manhole  with  a  trapdoor  should  be  provided  an  a 
mt«nA  of  in»|MH'tion  iiiid  el<-nning. 

For  bringing'  the  wau-r  to  the  surfat*-,  pumps  should  be  uscil,  and 
nirt  bnckeln  wmkid  bv  windWri  or  wt^tl-iswcip.  In  eoimtn'  dlMrioL" 
it  is  a  common  pnictieo  lo  employ  bucket)-  made  from  ke^  or^nally 
used  a.1  ciintaini'i-^  (or  white  lead.  It  is  hardly  n(<«ssan.'  io  call  attcn* 
lion  lo  tlie  injury  which  may  tx'  <iiii»e<l  by  ihe  uw  of  MK-h  vciwcls. 

The  pump  may  ritand  diroclly  in  the  well  or  away  fmm  it  and  oon- 
nctrted  ihercwith  bv  nicuiiH  tii'  a  ]>)[>c  ninnin;^  Uilenilly  iind  downwaixl. 
The  latter  is  the  belter  way,  as  any  water  wasted  at  the  pnnip  is  pre- 
ventiHl  by  locjition,  it'  by  nothing  cIm',  trnni  mnniiijr  Inick  into  ihr 
well,  iiiwi,  moreover,  theenveringof  the  well,  if  of  wood,  is  not  continu- 
ally sTibjectetl  to  wetting,  which  jirDmotcs  ils  dei-ay.  The  Ih'sI  fomi  of 
ptinip  !-■"  tile  .■"iinjik-  lining  pump,  made  of  in;m  or  of  wikmI,  and  con- 
sistiDg  of  an  evenly-bored  barrel,  closed  at  the  lower  part  by  a  valve 
ojwning  upward,  iiud  a  piston  containing  another.  The  upward  stinke 
of  the  pi.iton,  by  piYHln<'iiig  a  vaniinii,  causes  the  water  to  jmss  tlimugb 
the  lower  valve,  and  its  downwani  jdnikc  forces  the  water  confiiHtl  in 
the  barn-i  through  the  upper  valve,  and  then  the  succeeding  strokes  lift 
and  discharge  it  continnomdy.  The  old-tiisliinncd  chain  pniu{tii  cnnnot 
be  used  without  more  or  less  chance  of  e.vpo);iire  to  c^ntaminatinD 
from  above. 

The  lU'tioti  of  the  wind  is  very  commonly  cmploycii  lis  a  labor-saver 
for  pumping  water  not  only  from  the  wtJl,  hut  upward  into  reservuint 
and  di.4lributing  tjtuk«.  For  thim  ]iurpOKe  u  variety  of  wind-mills  have 
been  put  upon  the  market. 

Then^  an-  also  a  iinmlxT  of  niake.-<  of  hot-air  englneit  that  arc  very 
eliii'ient  anil  not  unduly  expensive. 

Driven vflUs,  other^\'tse  known  aa  "Norton's  tube  welb,"  "Ameri- 
can," and  "Abyssinian"  wells,  arc  made  by  driving  iron  Uihvn  of  a 
diameter  varying  fi-oni  1 J  to  4  inches,  according  to  the  nettls  of  it>di- 
vidnal  oast'*,  into  the  gnniiui  until  water  is  reaciiid.  The  fin"l  length 
driven  in  ii;  prt)vided  with  a  ]>ointed  i>erforate<l  foot,  through  which  the 
water  enters  the  tube,  ^^*hen  this  length  is  drivi'ii  suflicienlly  liir,  an- 
other is  serewixl  to  it  and  the  driving  is  continued,  additional  lengths 
being  screwed  on  as  oecessar)*.  When  water  is  n-iwlnHi— and  this  is 
ascertained  by  means  of  »  weighteii  -ilring  let  d<iwn  inside  the  tube 
from  time  to  time — a  pump  is  ap])lie(l  and  the  n-ater  lilU'd.  The  first 
that  comes  contains  sand  or  line  gravel  and  dirt,  and  at^  thi$  iii  mure 
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and  more  removed  from  below,  a  pocket  is  formed  wbich  coDBtitutes 
in  andeigrouud  reservoir. 

Fjo.  27. 


i.V,      .:*■--■  ■->:•■■'■' 
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Morton  lube  well. 


land  walla  differ  but  little  from  tube  n-ells  ;  in  fact,  they  are  prac- 
Qall^  the  same  except  in  the  method  of  their  making.  They  are 
drilled  or  bored  through  solid  rock  and  other  strata,  and  are  lined  or 
W  with  iron  pipe,  backed  with  cement  according  to  circumstances. 
Heir  cost  is  much  greater  than  that  of  the  ordinary  Abyssinian  well, 
*iooe  die  labor  required  is  much  greater.  Sometimes  it  is  necessary, 
»fter  proceeding  several  hundred  feet  with  no  results,  to  resort  to 
Muting  at  the  bottom,  so  as  to  shatter  the  rock  and  form  waterways 
to  the  well. 

It  ia  self-evident  that  wells  of  these  two  kinds  last  mentioned  can- 
lot,  under  ordinary  circumstances,  become  contaminated  with  surface 
VHhings.  Both  forms  are  used  very  commonly  not  only  for  individ- 
tal,  but  for  public,  supplies.  In  the  latter  case,  they  are  driven  in 
(nape,  or  "  gangs,"  the  size  of  which  varies  according  to  the  amount 
>t  water  required.  Increase  in  demand  should  be  met  by  extension 
if  die  system  rather  than  by  over-forcing,  for  the  latter  will  cau>%  an 
udoe  lowering  of  the  water  level  and  tend  strongly  to  bring  water 
AovDward  from  the  upper  strata  at  such  a  rate  as  to  preclude  the  puri- 
lotkMi  which  normally  is  brought  about  by  the  saprophytic  bacteria 
«ribesoU. 

Id  the  case  of  an  ordinary  well,  the  bottom  should  be  considerably 
wc»w  the  level  of  the  ground-water,  so  that  when  this  falls,  the  well 
•in  not  run  dry,  and  also  becauiso  the  farther  the  withdrawal  by 
^pii^  carries  the  level  of  the  well  below  that  of  the  water-table,  the 
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iii^.tcr  will  he  llio  flow  toward  ilic  woll,  un<]  tl»c  greater  the  eupplr 
imii]L<diatply  available.  But  deepening  a  well  fitr  ihe  pnrpoee  of  in- 
cn-.i&ing  tlie  Biip|il_v  somi-timeii  lia«  the  vm-  MpfKHitvi-fTwl,  ami  m.iy 
vvvn  «iii«e  it  U'  run  practTtally  dry,  Sujipose,  fur  example,  the  im- 
pervious layer  in  underlaid  liy  a  thick  stnttiiiii  of  »tiarjH'  gnivil,  nod  id 
the  pnHV--iN  t>f  rhv|H;iiiii^  the  well  thi^  ittrnturn  is  entered :  utBtead  of  an 
increuiH}  in  the  supply,  it  then  may  hB]tiii'n  that  the  WHter  flowing  into 
the  well  findn  u  nmly  vxlt  cluwiiwunl  hv  tlie  force  of  gravity  into  the 
iiitcrstit'*'!'  of  the  gravel,  and  the  usefuinena  of  the  wal  is  terminalwl. 
(See  Fig.  28.) 

)iiclude<l  under  bored  wells  are  those  known  aa  Arteaaii.  These 
are  hored  through  impervious  .'^tmtii  until  a  :<tniluni  is  reached  id 
whie.li  thi;  H'uter  i«  under  hydnjstatic  pressure  sufficiently  atrong  to 
force  it  to  tlie  sur&ce,  or  at  least  to  a  point  nnu-ly  us  ttigb,  the  riM 


I 


depending  upon  the  height  reached  by  tlie  water-bearing  stratum  in 
hi|;lii'r  Innil  cl'H'ATliere.  In  Fig.  2fl  is  uliown  ii  formation  favorable  to 
the  obtaining  of  water  by  means  of  this  clas.'  of  wells.  The  water  in 
the  :*iiil  almve  the  first  layer  of  elay  may  U>  it-aehcd  by  sinking  wells 
of  the  oniitiarj'  kinds.  Below  this  is  a  set^.iiiil  supply  cnnRncd  bi-lween 
two  impervious  straUi  ineliiiing  upward.  The  higher  this  formation 
extends  almve  ihi-  level  of  the  outlet  A  of  a  well  sunk  into  it  at 
tliat  point,  the  greater  will  be  the  pressure  at  A  and  the  higher  Ihe 
ruse  of  the  water.  Thus,  if  il  exU^nds  upwani  to  <',  for  example,  tlie 
water  will  not  simply  fill  tlie  tube,  but  will  be  thniwn  some  uisianev 
into  the  air.  In  some  cases,  although  the  head  (ievek>|ied  is  verj'  con- 
»i<]crahlo,  the  water  dot.-s  not  e<iine  to  the  xurfatw,  Ixvause  of  tlie  extent 
of  leakage  into  the  npjxr  pervions  strata  of  the  soil. 

SonKrliine!*  the  wells  are  eonnwtcfl  with  true  underground  rivers, 
and  >'omelimes  with  ap|tareully  inexii.iu-lible  reservoirs  which  Iiave 
lield  the  water  in  storage  for  ages.     Sometimes  they  derive  their  water 
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from  li»ttiire«  <]minin}r  uway  llip  w»tcr  of  siurGice  rivers  and  Iftkc^f,  ax  U 
proved  by  the  occasional  occurrence  id  the  overflow  of  limall  fish  with 
eyes. 

Arteeiun  n-ells  have  been  knourn  in  ChiDa  and  Kg)']it  from  very 
iiiK-ivnt  tinns,  iitid  (viituri«3  a^a  they  were  introduced  into  the  prov- 
ince of  Artois  (Artcsium),  fiDm  which  ihvir  imiiic  i"  derive*!.  Tlicy 
are  exceedingly  iiunien>us  iu  tlie  weitlern  and  souihvreslem  parte  of  the 
United  Stalcn,  where  tliey  Iiiivc  producMt  vtionnous  re8itlr.«  in  convert- 
ing arid,  wai^te  landn  into  fertile  farms.  Some  of  thcni  are  exceedingly 
deep,  iuk)  {xii<tf  throii};li  stratum  nilcr  stratum  of  different  formations 
before  water  is  reached. 

Sinw  the  t^ernpcniliire  of  the  earth  inorfaaai  1  degree  Fahrenheit  for 
about  55  feet  of  depth,  it  follon's  tluit  u'ater  from  the:«e  very  duep  wells 
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OMlOglMil  fbrniMlin  Inr'irnbl'.'  lo  Ui«  obMlnlns  of  mtoT  hy  neuis  of  ittoilin  wtlll. 

is  materially  warmer  llian  that  from  (lie  upper  siilisnii.  I)i.<tiMi-tiy  hot 
water  from  deep  foiirtv?*  is  rarely  fit  for  ordinary  domestic  purposes, 
Itecause  of  tlie  lai^'  amount  of  min^-ral  nmitiTrK  preat-iit  in  !*oImion  by 
ruL-tiiTi  of  the  pniiter  aolvent  power  of  witter  when  hot  tliaii  when  ctdd. 
Thus  they  acquire  an  abuiubnce  of  salt'*,  whieh,  taken  into  the  body, 
lUeDoe  ita  function?*  nnil  act  il*  miilieirie,'*,  Tlie  prr'si'ne<"  of  orpinio 
Iters  if*  of  iinportaneo  on  account  of  their  reducing  power.  The 
sulpliurettM  hydrngi-n  ko  ix)mmon  to  niinvrul  springs  m  due  to  the 
lu-lioii  of  these  matters  on  sulphates. 

Irrespective  of  tJie  ehatige-H  wrought  by  increased  leinpomture, 
ihi-  water  yielded  by  this  class  of  wells  varies  verj'  widi'ly  in  eharao- 
ter.  It  may  hear  no  resemblance  whatever  to  the  other  vraters  of 
the  sami*  disirier,  nor  in  there  uny  n'a»oTi  why  it  *ihoul<I,  for  the  (vu- 
ditioDs  at  the  surface  and  nt  points  hundreds  of  feet  below  are  tjuite 
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diffiprent.     Moreover,  one  cannot  know  bow  far  the  water  has  tm' 
fruM)  wliiTv  it  originally  (.'nun-d  thv  .soil  to  the  point  where  it  make*  tt» 
escape, 

Of  wat<-nt  from  four  xar-h  wolb  fnink  within  the  limita  of  the  taty  of 
Boston  to  depths  of  from  ?i7U  to  '2,'iO'i  feet,  two  were  extensively  im- 
pn-gnate*)  with  oinimon  salt  and  oiher  mineral  matter,  one  was  verj' 
rioh  in  both  veg<('tnl»le  mid  riiineml  Knlistunocs,  and  the  fourth  wax  rich 
in  lioth  these  and  sulphuretted  hydrc^ten. 

Draiiuge  Area,  of  WcUg. — As  to  the  nmonnt  of  «>il  whieh  \»  dmim<\ 
by  a  »tdl,  theiv  ean  lie  uu  ^neml  rule.  It  is  commonly  asserted  that 
the  uiiionnt  ilnuniil  riiiiy  1m  dc^Hcriliiti  iv^  iin  invertt-d  cone,  Itavtng^ 
the  bottom  of  the  well  as;  its  apex,  and  a  b:u7e  with  a  radius  equal  to 
twice  tJie  depth  of  the  well.  But  nmeh  d^jtendii  upon  the  nature  and 
oonfifninitiou  of  the  surrounding  soil,  and  the  extent  to  wliicli  pumping 
is  wirried.  If  the  soil  lie  sandy  and  open,  the  base  will  be  mneh  larger 
thiiii  if  il  !«■  clayey  anil  close.  If  exteuMvely  pumped,  the  well  will 
drain  a  greater  area  than  if  the  demands  he  moderate ;  io  fact,  the 
nmount  of  wat<>r  removal  hy  jiumping  li)u>  n  grenter  inHucnoe  in  detei^ 
mining  the  dniiiiage  area  tlian  mere  dcptli.  But  other  things  being 
equal,  the  nature  of  the  water- 1  Hairing  Biraluin  deleriniues  the  distaiKe 
to  wliicli  (In-  iiiiii.<rindil<-  intlueni-c  of  pumping  is  felt. 

Pollution  of  Wells. — In  pneral,  it  may  l>e  slati^d  Uiat,  as  between 
wells  of  ditferiTit  de|illis.  the  ishjillowcr  lire  more  subject  to  jMillittion  than 
the  deepi^r,  he<'auw  of  the  fact  that  tlic  latter  have  the  advantage  of  the 
gn^iter  op|Hirtimity  foj'  p-rfccl  (illriitiou  ilirongh  ihc  soil.  Hut  Ixilh 
are  .Huhjcct  to  jiollution  hy  nnoxidi»Hl  matters  which  enter  the  soil 
below  the  iip|HT  few  feci  in  which  the  iiitrifving  orguiit?inis  iilixady 
referred  to  are  foimd,  as,  for  instance,  from  leaching  ceaspools  and  leak- 
ing drains,  (t  is  a  pmeti<'c  only  too  rommon,  cVcn  on  vstatcs  of  ii>n- 
sideRible  size,  where  the  e-Xeuse  of  limited  ari'a  etionot  obtain,  to  hicate 
tin-  well  anil  the  ch-^lijiooI  very  near  togi-ther.  To  nvoi<I  the  net*ssity 
of  having  to  remove  the  contents  of  the  cc-s-iiKtol  as  occasion  deinniicJx 
vjien  this  recepiacle  is  made  water-tight,  and  to  avoid  the  eJti»eDse 
attending  this  kind  of  construction,  the  bottom  is  gcner.illy  left  <q>eii, 
so  that  the  house  sewage  may  drain  away  into  the  surrounding  soil. 
Connection  Itcfwecn  tlic  wsspofil  and  the  well  may  tjike  considcndilc 
time  or  may  occur  quickly,  but,  onee  established,  contamination  goes 
on  uninlemipledly.  (>tU-n  it  hapjHnis  thai  the  direction  of  Uh'IIow 
of  tilth  through  the  soil  is  wholly  away  from  the  well,  and  ontiiniina- 
tion  may  ncv>-r  otMur  ;  but  this  is  u  point  that  can  never  be  deti.'rmin6d 
in  advance. 

It  is  a  common  bt-lief  that,  if  the  well  is  locnted  in  higher  ground 
tlwo  the  ccss]>uol,  there  can  Ik-  no  danger  of  pollution  of  iX»  waltrr. 
This,  however,  is  a  most  fallacious  pro{)ositioD,  for  it  is  not  so  mtieh 
the  liK'Ution  of  the  outlet  of  (he  well  th:it  dctcrmim'.i  the  [lo.vihility  of 
pcdiution,  as  the  relative  position  of  the  eess|K>oI  and  the  point  where 
the  water  entcrx  the  well.  In  I""^.  ;tO  U  i|luiilTiit<''l  the  manner  in 
which  the  supply  yieldi-d  to  a  pump  placed  at  a  point  considerably 
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above  the  locatioa  of  the  cesspool  in  polluted  directly  by  the  liquid 
filth  iseaing  from  the  latter.  Again,  the  geological  formation  may  be 
such  that  a  cesspool  on  higher  ground  than  the  nearby  well  will  have  no 
influence  on  the  purity  of  the  water.  Thus,  a  ledge  of  rock  raay  crop 
up  between  them,  as  shown  in  Fig.  31,  and  divert  the  flow  of  polluting 
DHttra&away  from  the  well. 

Fro.  30. 


'  GrooMiti- 

:  Water 


^>»«11  located  OD  Ugh  gninnd  mar  be  polluted  by  (he  coDteotaof  acMspool  lower  dovn. 

Id  locatiag  wells  and  cesspools,  property  owners  not  infrequently 
iMe  sight  of  the  fact  that,  whUe  they  can  govern  the  disposition  of  the 
Urfioe  of  their  respective  estates,  the  conditions  that  obtain  in  the  soil 
Wow  are  quite  beyond  their  control.  In  consequence,  they  may 
Wempt  to  guard  against  pollution  of  their  own  water  supplies  by  their 
own  excretory  products,  without  regarding  the  possibility  of  contami- 
oMitKi  by  those  of  their  neighbors. 

Fio.  31. 


How  a  ecapool  located  on  bigh  ground  may  fail  to  pollute  a  well  lower  down. 

The  water  of  newly  dug  wells  is  ofton  of  such  a  character  as  to  lead 
•"Ibe  perhaps  false  conclusion  that  it  is  probably  jxilhitcd  by  sewage. 
"  is  generally  turbid,  and  may,  on  analysis,  yield  results  which,  in 
*e  the  analyst  has  not  full  information  concerning  it,  may  seem  to 
■Want  a  condemnatory  report.  It  may  yield  figures  in<licating  a  high 
notait  of  organic  matters,  which  may  disappear  as  the  use  of  the 


Md 


WATfR. 


water  beoomefl  eatablish«l.  It  may  even  show  ii»(icoinb)e  eridcDce  of 
the  pri'-'^-mv  of  hiniiim  wii.-stc-s  t'nr  (h'W  t-iifpigt-"!  in  ibc  tUufpiin  and 
the  »itoiiing  may  be  more  interested  in  the  eonipletiou  of  ibe  w>rk  than 
in  lb('  {H')-fe<'t  |iiirily  of  ihi-  siijiply,  ami  iniiy  Ix-  <li.-<iiic-lin<<il  In  go  np  to 
the  surtiiee  for  the  pur[>ose  of  rdieviiyj  the  call**  uf  nature.  On  all  ao 
oounts,  therefore,  it  \h  betu-r  to  await  the  re.iull.t  of  a  later  oxmiiuiatton, 
than  to  eonck-nni  niid  abtiniion  Um^  liii^tily  a  Mipply,  which,  within  a 
short  time,  may  jirovi- 1*)  be  of  ex(;<?plioiial  pnrity. 

Very  iii.i|i  wells  may  liei-onie  Irnilly  ]mllnt«l  liy  fillli  wtiicli  gains 
aec1?s!^  tlirough  o|>on  chanuel-wavs,  as  fissures  in  rock.  A  good  ex- 
nnipU-  of  tbii*  i*  n-oonlwl  in  the  •'^initari/  hiKpn-Utr  for  IV-eniljer, 
18!l(j ;  A  well  bored  oHO  feet  into  red  sandstone  drained,  throng 
fis-urtw,  all  ihe  ^liiillow  wells  in  the  vieiiiity.  These  iH-ing  of  no  use 
us  wells,  were  then  ntilizetl  as  oessjiodls,  and,  dniining  ngnin  throu^ 
the  (issure.-*,  eauMxl  the  well  to  beeome  wi  foul  that  it  had  to  be  alion- 
doiiwl.  Dr.  A.  C.  Houston  '  r-buwH  how  dee|>ciiing  u  well  nniy,  in  a 
similar  manner,  tanse  its  ruin,  A  well  of  pure  water,  114  feet  deep, 
wa.s  lieciK'iHiI  by  farllicr  boring  to  '2i)4  feet,  when  \ii>,  yield  was  tlicn 
found  to  he  impure.  At  a  distance  of  800  feet  was  an  old  qiiairjr, 
into  whieh  draiiit^il  the  newage  of  2.'>  [H-r!<on.-<.  Bv  lUsures  in  lh«  Mind- 
i>itoue,  this  reavlieil  the  water  stratum  tapped  by  the  extensioD  of  the 
well  and  thus  B|Ktiled  the  water. 

On  awnnnt  of  the  |Kis»ibility  of  contamination  of  shallow  wells  by 
the  entrance  of  surface  vtrashings  from  above,  Kiwh  recommends  that 
pi|)es  be  placed  in  position  so  lu-  li^>  reach  tliv  wut«r  stnittim,  and  that 
ihfii  the  wellf*  Ix-  filled  up,  first  with  stoue  and  coarse  gravel,  and 
to«-ard  the  top,  for  at  least  six  fwt,  with  fine  sand.  By  ihi*  pro- 
«Hbm>,  the  well  is  converted  really  into  an  Abyssinian  well,  and  \s 
protccttii  fnjm  snrfiiw  oontaminalion  qiiit4;  ».•*  well  »»  ihongh  it  hnd 
originally  t>een  driven   instead  of  dug. 

filter  Qalleriea. — A  filter  ynflrnt  U  a  lai^  underground  tunnel 
Slink  pfiraltel  to  a  river  or  lake  and  iicar  to  it ;  it  is  in  rt^dity  nothing 
more  llian  it  horizontal  well.  The  idea  which  led  to  their  constructiou 
was  thill  ill  this  way  the  river  wiUit,  [>rrcolating  oiitwim)  from  it.->  Ix-d 
thnmgh  the  soil,  would  be  secured  in  a  filtered  state,  and  would  ac- 
enmnlute  in  the  underground  ri'scrvoirn.  Although  tin,*  method  of 
obtaining  water  has  been  attended  by  most  exwllcnt  result)',  the  faet 
remains  llial  tlie  water  so  eoih'eleii  comes  not  fioin  the  river,  but  from 
the  gTuund  on  its  hither  side ;  that  is  to  tay,  it  is  the  grouiwl-wntcr 
interrepte<l  on  its  way  to  the  river. 

The  wuler  of  a  river  <Iik*  not,  except  under  nnusuul  conditions, 
percolate  outward,  for  the  silty  matters  deposited  in  its  flow  clog  the 
intersii(te»  in  the  miil  of  its  bctl  and  btiuks,  and  act  as  u  valve  agitinst 
its  egress.  Tlie  ground-water,  flowing  to  the  riwr,  finds  its  way  in 
thnrmgli  the  silt,  which  gives  way  inward  against  the  side  of  least 
resi.«liiuce.  Thus  the  wit  yiold.s  lo  ingrcjw,  and  is  u  bur  to  (grew 
of  water. 

>  BdiiilKiruut-li  Mriliotl  Jouniul,  Not.,  1691 
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The  fiict  tlwit  llie  Row  of  pitmrnl-water  »  tmraixl  mtht'r  limn  «way 
Eftom  rivers  and  other  large  IjcmIids  of  waU*r  U  well  i^liou-ii  Uy  the  fact 
fnwli  wattT  U  olitainalilc  i'mm  wolla  sunk  in  olci*!-  |irijximitv  tn 
hii;h-walor  murk  on  tlie  «'a-<!ti!ist.  Such  may  be  nut  even  i?li)jhtl_v 
brackish,  although  sometimes  they  are  distinctly  so  by  liackwar<i  diffu- 
sion of  the  aaUn.  In  the  )att«r  case,  removal  ti  nhort  distauee  Ixiek* 
ward  obviates  the  difBculty, 

1  That  the  w»t<T  derivetl  from  a  filter  gallery  \n  not  due  to  |HTooli>ti<>n 
from  the  river  along  whieb  it  lies,  is  farther  iiroved  by  the  Ilict  of  dif- 
ference ia  eoRJ[K)»iiion,  and  especially  in  liardness. 


Classification  of  Waters  from  the  Sanitary  Standpoint. 


W      From  tho  sL-iinlpoint  i>f  wliolisoimni-ss,  watr-i-s  may  l>o  divided  into 
'two  cla&see :    1.   Those  free  from   ecnagc  uoutaminatiou.     2.   Those 

polluted  by  sewage. 

UripjIliiU.^i  waters  are  not  iie«w«>ri!y  i<uitjible  for  dnmeiitic  use,  pre- 

eentiag  as  they  do,  wide  variations  in  eharaeter.      They  may  be  clear, 

Icolorle^,  (Miiirl<?i4,  and  fmlutiible,  and  (i^ntnin  but  little  nr^nic  and 
mineral  matter;  or  they  may  have  high  color,  turbidity,  disagreefible 
Oflor  and  Uiatt;  anil  a  high  ennU-tit  of  dis.-'olved  and  suspended  sub- 
etaooes.  A  water  which,  by  refuson  of  ap|)earance,  odor,  and  tni^tc,  due, 
for  inatanee,  to  luxuriant  growth  of  algne  or  other  forms  of  life,  is 
rc(Mi(juant  to  the  srcnsec,  should  not  lie  recomraendeil  for  use.  nlthoujjh 

I  incapable  of  producing  a  sppcilic  disease.  8iiph  an  one  retjuires  no 
chcDiieal  analysis  to  determine  its  fitness,  the  eviflcoce  of  the  senses 
being  ^nire  sufficient. 
Unpoilukil  waters  free  fn>m  such  qimlitJcjH  as  render  them  repiifi- 
nant  to  the  senses,  and  of  low  content  of  organic  and  mineral  matters, 
•re  Miitabk*  fur  geneml  |inr|Misi.>-'«  wilhont  rt^ntrd  to  their  clii.tsifimtiou 
te  surface-  or  soil-waters.  But,  in  general,  it  is  held  commonly  that 
an  unp^llutii!  soft  gmiind-water  of  good  composition  is  preferable  to 
one  of  Mirfaee  origin. 

Polluted  waters  may  be  divided  into  two  classes,  acoordinj;  as  the 

Ipnlhition  i.s  direct  or  rndtrirt,  I>irecl  [wllntion  by  sewage  is  it  is 
bartlly  newssarv  to  say,  of  prime  importance,  because  of  the  danger  of 
transmission  of  specJfic  diseases  and  of  lowering  the  pliysio logical  rv- 
ai»1nni:v  of  the  system.  But  cveu  direct  pollution  may  Iw  productive 
of  DO  harmfid  iiwilts,  provided  sullicieni  time  ela|>ses  between  the 
entninet^  of  the  wwMgc  at  a  given  point  and  the  ii>e  of  the  water  at  a 
distance  to  permit  of  the  disposal  of  the  noxious  elements  by  natural 
pnioessiy.  Thus,  a  vohntie  "f  sewage  enlering  the  up[)i.T  jHirt  of  a 
iargi-  system  of  public  supply  may  not  reach  the  distributing  pipes  for 
several  monthj-,  during  which  time  its  dangi-rous  <pialities  will  have 

»c)isa|i|>ii(n.v].  Notwitlisliuiding  this  fuet,  however,  diit-et  polhitiou  of 
drinking-water  should  be  prevented  by  all  means  available,  on  aeoount 
of  poiisible  risk,  and  even  on  mstbelic  gniundii  alone. 

lndir«>t  pollution  is  of  far  less  importance  than  direct,     lo  indirect 
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pcilliitinn  tlio  nrgnnir*  nifttlcrii  of  l\u'  ^'u-agt',  incliKlJiig  hacU-rin,  arv  tll^. 
vkA  throiit;)!  tlio  soil,  id  which  tlicy  urc  )m-)i1  hurk  niecbanicany  and 
more  or  leas  (■oni]ileH'l_v  oxkliat)  l)ef«rp  tlie  containing  wat4a'  n-jwli«* 
itif  iiltinink'  flotintilimi.  An  Uy  wlint  mnv  Ix-  ntlk^l  a  taiv  itmit  of  dl*— 
iailc(^  from  souii-es  <if  polliitioti,  iio  fixfd  nilc  can  be  (fivcn  :  eaeli  wttKr 
milrit  Ih-  jiulf^il  iic\'">rilin(;  to  il.t  ciminirfiinws.  nii'  soil  a»  u  H'l»»\e 
has  enorniouH  capacity  tor  piiritying  water  of  itti  cnotainwl  nrjniiiic 
itiibsUinovrt  niid  luu-ti'rin,  both  liy  inei-haDicml  retention  and  bv  oxidation 

ErocQfwf,  twt  in  motion  by  Xha  bacteria  whi(.'h  inhabit  it.     But  all  »«>ils 
live  not  tliid  i>owfr  in  an  e((ual  degree,  and  the  eowiitioiw  favonibl«i  l"» 
\\»  cxcrcijk.'  urc-  not  nlwuv.-"  prtwcnt  to  the  Nanii-  exteill.      The  soiU  iir»(*t 
tavorablp  for  perfect  filtration  and  purification  are  sandy  and  gravi-lly; 
in  th(5«e,  tlie  wnti-r  in  cxpowsJ  in  thin  layer;*  on  the  individual  gpiin  *^  » 
tlie  air  in  the  iiitersiticeK     The  latter  gbould  be  neither  too  Lxmrse       noT] 
loo  fine.      If  too  eoume,  the  ptkiiMigc  of  water  '»  too  mpid  ;  if  I'm.  -tfniK,! 
not  Kuffieient  air  o:ui  lie  prctnent  at  ihe  taime  time.      The  unifanii'Dnr^    3t< 
found  iinly  in  the  upjwr  few  feet  of  wil,  iind  it  is  here  also  tliat  the  i«r»ti- 
tatnetl  air    Is    nehwt    in  oxypen.      When  the  neewsiri'  conditions^  ff^ 
filtration  are  present  in  a  given  soil,  ihe  water  wUicli  [wroolates  thr«~»'HP' 
and  rtaiclu"^  the  ftri  until -water  is  quite  \'rtv  froni  Vwicteria  of  iiny  k-     ind 
even  ihongh  tlie  surfaet?  is  ooiitantiiiateil  extensively.      Where  the        ''"I 
18  vi-rj-  oiK-n  an<l   [H-rmotiMe  to  wat<-r  or  fii^simil,  jMilluiing  niiiti'-^riail 
may  pass  through  m  rapidly  that  they  under^)  but  slight  change  orw- 
way,  while  with  a  not  too  fine  noil,  llirougli  which  water  [m.-'mv  ^^^iQ 
slowness,  purifieation  by  bact^riid  aclion  may  be  oomplct^  with^K- 
very  ^diort  distanci-. 

Again,  there  may  Ik-  K'>'!*'er  sjifety  at  a  [wiiit  ([uite  near  to,  bu  "*  "^ 
one  side  of  a  center  of  pollution,  than  at  another  at  a   eonsidei  -.*iDle, 
distance  away  on  the  other  .lidc,  nwin);  to  tlie  direction  of  the  fii 
water.     Thus,  in  Fig.  U2,  the  point  S,  located  quite  near  the  poin 
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oiitniDOC  of  the  polluting  material  F  into  the  noil,  is  fiir  better  sitar*''" 
in  respect  to  possible  contamiimlion  of  wsiter  by  P,  than  the  poii»  '  / 
on  tlio  other  «de  but  farther  away,  since  the  niovenn-nt  of  the  wotei*  '" 
the  soil  is,  as  indicaletl  by  the  arrowc,  from  S  toward  D,  and  ^'' 
impurilieii  entering  iKtweeii  the  two  move  from  the  one  toward  the  o(I»<.t- 
Siniiliirly.  the  fxunt  >S  may  mtand  in  the  relation  of  point  />  to  »Me 
other  iKillutiiig  infiuenee. 

Fur  the  dilerniiunlion  of  the  <|uesti'in  wbollnr  a  given  wi-Jl  is 
receiving  pollution  from  any  given  point,  recourse  is  had  to  the  diffusi- 
billty  of  eonl-tnr  colors,  Mich  aa  fluorescein.  An  ounce  of  thii*  mil^ 
stance  will   impart  a   very  decidecl  enlor  to  an  vnonnous  volume  of 


PVRIFICATtOtt  OF  WATBR. 


34d 


I 
I 


I -^■ater ;  »ik1  wlit-n  it  w  nilflwl  In  the  (wiiiK-ntw  of  »  Itwching  vo««])0(il,  it 
I    will  acoinijiaiiv  the  ej^caiiiii^;  jiollntiim  !iii<!  rpvtal  tn  tlie  eyo  tlie  prt'scnw 
ot'  tliL'  Imu-r  ill  itiiy  iit-i^lilioi-iiijr  n'i.'li-witN-i'.     I'lilliiti'iii  tniiy  ilutf  be 
I   tmced  eometimee  through  huiidr«ls  of  iVet  of  fiiirly  t-lost  soil 

I  FuriflcatioQ  of  Water. 

Before  prooeeciing  to  tbc  coiwidi-nitiou  of  nK!tii«l»  omployotl  to  bring 

I  nhiidr  imritii-jitiun  of  wiiur  supplier,  a  fiw  words  are  pocei*ar_v  on  the 

I  subJTCt  of  "sflf-piiriHcsUioii "  of  Kiirfuct.'-WHWni,     A  river  .-"liows,  for 

I  in-stance,  at  a  givi-n  point  in  ite  course  a  certain  amount  of  impurity; 

I  at  another  \xmit  liirthordowii,  thi.-*  in  found  to  lie<'on!iider.ili!y  lf>>.-i'nwl ; 

I  aud  further  yet,  the  diminiitinn  \s  etill  more  tiiarlu^^.     Tliis  ]>ro}{ri.'!«>ive 

I   lowering  is  attrihnriil  to  ihc  piij|MTly  the  water  po»(esM3»  of  hringing 

about  its  own  puritication.     Tiie  pnu-tiwii  bfj,'iimiiig  of  thin  thwin'  wjts 

ihe  a-i»crtioii,  itmdc,  in   ISfifl,  by  the   Britif^h  Uoyal  Oommissinn  on 

Water  Su|ipliei,  lliat   -ii'Wii^-.  iljhitetl   Iwinty  lirmw  or  more  liy  river- 

. water  into  which  il  i.-  di-«'h)n'j,tH.|.  will   Ik?  e<in)|)lelely  oxidi7,eil  Lefoit  it 

ba!«  tnivelltxl  more  than  a  down  mikw.     Two  yesir-i   hilt-r,  ihi-   KtviT^ 

Pollution  Comnii.tsion  repoHed  strongly  against  accepting  this  idea,  and 

<M)ncludc<l   that  oicidntion  pnHi-vd!*  witli  i^iutii  extrtMiie  slowue**,  evrti 

when  the  polluting  matters  are  diminished  very  largely  Ijy  jiure  water, 

thiit  not  oidy  will  a  thiw  of  a  do/nn  milt-.-'  not  .tufliii',  bm   thut  thiiv  i.s 

no  river  in    the   Unite*!  King<)oni    stdliciently  long  to  aceoinplich    the 

re*Hlt  plHinutl.    It  wa^  llion  bcHev^'d  that  wlmtover  cJiangcit  wvur  !iri>  the 

oombinml  result  of  oxidation  and  )iul>bideiire.      It  is  now  reongnized  thai 

llii*i(?  a^'tidcK,  a*<isfe<I  by  inon*  iin|iort]iiit  one.'*,  nanicly.  dilution,  vip*y 

tation,   and    bacteriid    action,    do    in    tiiany    eaues   orotliiee   very  great 

chanjte-s  while  in  others  the  if-aiittfl  aiv  only  iwrtial  and  of  no  i>.4|Hi^ial 

value.     Dr»,  R.  Emnierirli  iiud  F,  Bniniier'  tthnwed  tliat  in  fpiteof  the 

larg«  amount  of  sewage  matters  ]>onred  into  the  Isar  in   ita  eonrpie 

through    Miinirh,  the  wali'r  a1U*r  two  hours'   fhiw  Iwlow  the  eitv  wax 

pnieticallv  a«  pure  chemically  as  it  was  before  it  readied  il.     Jordan  "  hufi 

Hhown  tlmr,  alter  l!iirty-tbur  niiliw'  thiw,  tlu-  IlltnoiK  Kiver  in  pnit-tiiiilly 

free  from  gewage  bacteria.      E.  Duclaux "  has  shown  the  wime  to   l>e 

true  of  the  Seine,  and  other  obHer\er!«  have  proved  it  of  certain  other 

river"  in  England,  Gcrnmny,  and  elwwhere.      On  the  other  band,  opjto- 

site  results  have  been  obtained  by  oiher  workers  in  the  same  held. 

Oxidation  undoublf.'dlv  phivM  n  more  or  Iiwh  inijiortiint  |Mirt  in  xomr, 
but  by  no  means  in  all,  eases.  Dr.  T,  Meynioit  Tidy  jirovetl  ex|K'ri- 
mentatly  thiit  water  c-otilatning  M-wapv  iiinld  lose  about  h)ilf  its 
organie  mattiT  in  from  six  to  nine  boun^  when  ntade  to  ran  one  mile 
in  glass  tmngiiH  with  abundant  ai-iation.  IVifiTsor  William  I'.  Masmi,' 
on  the  other  hand,  agitated  water  in  a  Imttlc  f!ii<lcneil  to  the  connecting 
rod  of  a  horiiKintal  engine  witJi  a  teii-iueh  stroke  of  75  to  the  uiinule, 

'  Dip  phpnii»clien  VcoirukriitMfcii  iJw  Imrwiuvcn,  Munich,  1&78. 

'  Jdunuil  ot  KxiM-rinirnDil  Miilirinr,  l)eo.,  1900,  p.  271. 

'  Aiiiiiik-3  iJp  rii»i>(ul  FniU'ur.  |S!>4. 

'  Water  SuppI.T,  Sew  York,  )81»7,  p.  175, 
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and  fauad  that  afl«r  D,000  conciisMOTui  there  was  but  •  trifling  duniou- 
tioii  ill  t\\v  niuciiiiit  <il'(ir|niiiio  miiltvr.  A  \ixvffv  mcvMirc  ofpiiriftKiltun, 
so  liir  as  iiuiiiliers  of  bartcriu  are  coDcerned,  is  oitii^  by  a^itulico 
wlun  then-  iin*  wtlid  jmrl ii-k---«  in  sii:<[H-ii:<i(iii  iii  tlu-  wiiltT.  This  lubi 
Ijwii  well  shown  by  Percy  Fniiikluud,'  who  ob»crv«l  a  decrease  of 
Ul!.(i5  jter  cent,  iu  tho  mimbor  of  bacteria. 

Dilntion  by  iicct-^  <jf  niin,  lucltiDg  snow,  ground-water,  and  otbn- 
cleaii  iiitlucutji,  affects  chomioal  roni|Htsition  favorably,  but  a.^sifits',  for  a 
time  lit  ItiisI,  iin'ri'iisi-  in  Itic  nunilHTs  of  jmlb'i(;ciiie  and  iilhcr  hiu't«.-riii. 
I'rofi-ssor  Kcbrelil's^  daily  bacteriological  examinations  of  river-water 
at  Pra^ie  proved  tliat,  in  gcnt-ml,  the  number  of  bitcU'riii  inoTuii'Vit  with 
rij'itiK  wattT,  and  is  subject  to  verj'  witle  variations,  due  to  a  number 
of  eanspB,  among:  which  he  mentionr* olmnpri  in  the  rate  of  flow,  wilh 
ciiiiset[iient  iillemtion  of  (■<)nditions  influencing  M-<lin)cntatio»,  and  thi- 
inHux  of  ttrmporary  pollutions,  sueh  a.*  washings  from  streets  and  dung- 
huipi<,  which,  umter  some  cireumctanw*,  have  greater  iuflucncv  tliim 
tlie  reguliir  uiiclwm  influents. 

SBdimentation,  \vhicli  fornici-ly  wii>  holievti]  (o  play  n  very  grmt 
part  in  tlie  improvement  of  river-waters,  act*  to  only  ii  slight  extent  in 
those  which,  like  the  Isar,  move  swiflly.  It  i.s  tiivored  by  ."^lowiug  of 
the  onrrcnt,  wiKi'inlly  aX  the  river  mouth  ;  and  when  it  octrure  it  ha»  a 
very  marked  influence  on  the  nunihtr  of  bacteria,  especially  if  tlie  water 
be  mnddv.  This  liti.-'  Ui-n  shown  by  Itrnno  i\riiger,"  wlm,  by  w  .'»<'rit?i 
of  (a(j>erimenls,  piv>ved  that  eheniically  iiiditfei'ent  suhfilances  in  a  state 
of  minute  aubdi  vision  exert  a  gnyitcr  iiifhience,  the  more  slowly,  up  to  a 
ecrtnin  limit,  they  wttle;  while  other  niattere,  which  act  both  niechanic- 
allv  and  ehernioillv,  siieh  »s  lime  and  biird  woihI  aslje.t,  |)mdnoe  still 
gniiltr  et!'eol><.  In  still  water,  an  sniall  lakes  and  iMjnd.s,  scdimeutntion 
goes  ou  iinobntnicUd. 

Bacterial  action  as  u  purifying  agent  w  favoriil  by  alkalinity  ai>d 
n^ai-^ted  by  acidity.  It  may  he  important  or  not,  aeimrtling  to  eirciun- 
stJincc.".  Destruction  of  piitliop-iiie  sjieeies  by  the  sa]miphylie  ola;"'  i« 
delavcd  by  liilution  by  unpolluted  water,  which,  as  above  -rtated, 
fiivore  ihcir  increase  for  a  short  time,  after  which  they  raj>idly  d<-cline 
iu  nnniWr. 

Vegetation  ivas  not  tnkcn  into  aemiunt  by  the  earlier  observers,  but 
has  now  been  placed  at  the  head  of  the  iMi|M.irtant  influeiieec  in  the 
process.  I'ettenkofcr '  aswrti'd  that  the  greater  part  of  self-pnrifieation 
is  due  to  the  gro^vth  of  algie  and  other  \ii\\  forms  of  vt'getiible  life, 
which  clean  the  water  of  its  impurities  in  the  same  way  that  the  higher 
forms  take  np  and  dispose  of  the  nijinnrial  matters  of  cnltivated  land. 
This  (iew  is  endorsed  by  T.  Bokomy,'  who  proved  that   these  plants 

'  Joiinuil  "f  Stnle  .Mi")ii->iic,  Jnnuuir,  13m. 

'  BttMcrioiogiwIip  mid  itriiiscl"'  St.iidii'ii  iilwr  ilip  Vcrcinnunieunx  iiinl  Stllwln-ini- 

ininiid«  FlflKw.     An-hiv  f\lr  Hvgip.ie,  XXX.,  [r.  M.  

'  ['IP  pli'-iliiilw'lif  t'"'*'!'''"""'  '""  "ii'""'™"''"  »uf  "n?   im   ViaMKt  btrbnillicnaD 
MikA-wraarn'mcn.     ?*iwobrifi  fur  Hyfpi-ne.  V II..  p  SB. 

■  ZiiV  MWrvinicima  <lpr  riiiwf.     An-liiv  Uit  HrKH-nc,  XII.,  p.  2n9. 
'  Uiber  die  tWtlii'ilipmi:  cli)'ir.ipbylltulire[id«r  I'llnnten  «n  d«T  S«1b«ir*ini)[un|td«r 
FUtaK.    .\KhiT  flit  Hjptiic  XX,  \'.  181. 
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Utki-  lip  nil  [n.-iiiiKT  ijf  orRiiiiic  "(ubstanw*,  tnvlii<liiig  volatile  fatly  acids, 

IamiJo  acids,  glna>se,  aiid  urea.     He  shmvw]  tLat  the  wator  of  the  I.-iar 
Ciiituiim  vii.-il   iitiiiil)urH  <>f  iil^',  I'l  wtion.'  iii'timi   nnicli  uf  tbe  vluingcif 
noleil  hy  Knititcrifh  ;iiii|  Rniriner  were  iiminubtedly  due. 
Methods  of  Ptuificatioii. — The  laetliwds  employed  for  tbe  purifica- 
tiou  of  water  embrace : 
I.  Chi-mifiil  tn'fltiii«nt. 
2.  Boiling  und  diHtillatioa. 
3.   Filtmtioii. 
1.  Chemical  treatmont  i"  t^riiploycd  to  ciiuw  the  formation  of  ia^olii- 
ble  |>R*cii>ilat<--*,  which  settle  out  and  entangle  siispended  niatte.rx,  in- 
eluding;  Uiflt'ria,  in  their  dwieont. 
AJuu),  for  instance,  added  to  llie  extent  of  a  quarter  of  a  grain 
tit  u  gniin   |>er  i;uilon  «f  iiiitiinil  wiitcr  a^ntikiiiln^  ii  ni'MJi-nite  iiinouiit 

I  of  CaC'Oj,  in  deconi|»ortod,  and  forms  an  iiuiuhiblc  };eliitirious  liydmte, 
whieb  combiiu'K  with  tbi*  orgnnie    nutttei's  itn|iiirtiiig   color  and   Nt-t* 
ties  out    as  n  HiK-ciilent    proeipilale,   whic^h    (.'iitAn(;k'»   tbe   stis[H.'ndeil 
mattors,  including  iho-  bacteria.     The  sulphuric  acid,  set  free  hy  tJie 
dicompo'-iti'iii  nf  the  sidt,  unitcK  with  thi.-  Ituic  or  other  bji.*e«  prewnt, 
and  if  thus  nciitniti»Hl,  and  ihc  calciuiii   Hulphaie  thus  formal  carries 
^■dowii  :>ii>|H-rided  niatter?  in  the  sunt-  niuniier.      If  iin  exee»»  of  alum  is 
^K  added,  it  will  necessarily  appear  in  the  purified  water,  and  be  objectioii- 
^■■able  on   ai-ciiuut  of  ilw  etfi.'vt  on  tbe  sv^tciii,  and   in   the  biith  iitid    iu 
wiL»bing, 

I     In  case  of  defieieney  in  t^fX),,  linit-watcr  sonictirnca  i>>  snpplied, 
and   identical   results  obtained.     The  addition  of  fresJily  precipitated 
alumina  serves  tbe  piiqmsi'  e<iiiully  well,  and  avoids  tbe  pnx'uw  of  the 
xulphuric  aeirl  rc-ulting  frtjni  the  detimipojiition  of  iilunt. 
Alum  nniovcs  pmctirtdly  all  tbe  biictcria,  ms  hiis  Ui-n  provi-d  by  V. 
aD<l  A.  BjiIk.'*,'  ProlWsor  E.  lijiy  I.uukcster.  and  otheni.     The  use  of 
alum  in   the   puritication  of  water  is   not  of  reoent  origin  :  it  w»»  de* 
Boribed  as  e«rly  hk  I8;50  hy  Felix  tl'Areet/  "lio  mentions  its  extensive 
uw  iu  Kpypt, 
Linii'-watcr  or  milk  of  lime,  adiliil  (o  water  cuntaininfj  ndcium  car- 
bonute  hchl  in  eolutiou   by  carbon  dioxide,  causes  precipitation  of  tlm 
forraer  by  uniting  witli  the  lattttr.     It  lliu-s  witlidmwsi  tlie  wivont  from 
active  «Tvice,  rauiscs  prifipitJitioQ  of  that  which  was  held  in  !^olution, 
and,  liecomiu);  it'^lf  converted  to  an  insoluble  substance,  is  piii'ipiiiii<i). 
So  11  doulili'  prif'ipitiilioii  occiirii.      But  water  ihuc  treated  i*  not  ncces- 
rmrily  limitetl  in  its  changes  to  a  renio^-al  of  its  excess  of  calcium  car- 
[bonate,  for,  in   tho  prenpiiution  of  tliis  ^ubi'tHnec,  oorwidenibli^  oilier 
1  matter  iiniy  W  wirritd  d<nvn   mechanically,  and  hucteria  are  lessened 
I  decidedly  in  numlMT. 

IVrniMiipinatc  of  pota^ium  is  used  m<jre  or  ie»-s.  particularly  In  wells 
[iu    India  during   the   prevalence  of    ebolerit  c]>ideuiic:3.     Enough    i^ 

*  Ocntmlblntt  CtiT  llnklcriolni^P  iind  Pamsiwmkiiiiiltv  1903,  XIT..  p,  4^. 

*  Kols  nUcIve  i  In  I'lnrlScalloii  Ae  Yuan  ilu  Nil,  i^[  en  jr^ri^nit  ilvs  mux  eunlvimnt 
ItofaMkncw  Ivrrvusm  en  nus^iudML     .\nnnlc*  d'Hvgii-nc  pubiiijuc,  IV.,  p.  373 
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ulAeA  to  nwnirp  n  i»liglit  jiink  tinp-,  wliioh  iti<)!cnt(w  n  ulight 
Thi?-  acts  iif  an  oxidi^mg  afjciit  with  jpwxl  rornihs.  p'or  csample,  !>. 
I'.  \V.  <>'()i)rniaii '  R-liit('t<  tliiit  during  iiii  outbrmk  nt  MidiuijHiri',  llir 
niinibor  of  uise)*,  117,  v.'»»  ki1}iik)!wI  to  liiive  bL-«>M  ke^M  iluwii  hvit> 
use.  Th^^wo  ocviirri'tl  in  nil  piirtfl  of  the  town,  oxcpplin);  in  the  Kuid- 
]M.-:in  (|iiiirli'r  mid  al  thi.'  jiiil.  'I'Ik-  furtDcr  itx^l  nittcr  whicli  vn> 
tilli'ivd  nr  Iwiiliil  :in<)  fillcrwl,  and  iit  tho  jnil  esiH-i'ial  cart-  wa-  lakwi  "I 
lln-  wiitvr  Hiipjily.  Forty-six  jiulilic  u»d  jiriviito  w<-Il.-<  were  (It'iiifiiW 
with  thi'  eah,  and  t]ii>  outhrctik  thi-ri'(i|Hiii  mw^al.  An  ouucc  or  duikv 
and  a  liall'  or  more,  aowirding  to  the  ni/e  of  tlie  well,  wiw  diwnlvrJ  in 
a  burki-t,  iiiuirnl  inUi  tho  w(dl,  uihI  ^tirr*-*!  ubotit.  If  alWr  Imlf  trn 
liour  thi-  water  jihowi'd  a  rt-d  tinge,  it  was  eou.tidi-ivd  that  <i»>ni)i;b  hiiii 
iHtii  HtldL-d  ;  if  not,  nicire  wju"  a<)d(^l  until  »  Itiig^-  wiii^  *t.vn.  Acwn!- 
ing  to  Hankin,'  enough  of  the  »lt  to  iasan-  a  redditJi  tint  htUJ^ 
twenty -four  liours  ^Unuh)  bo  a<l(h-<l ;  l>ni  cnn-  :>honId  In'  iiikcii  Diil 
til  add  Ml  much  that  lir^h.  frogs,  and  turtle)',  put  into  we)i.«  to  Wp  thi' 
nutor  i'l»iii,  an-  killed  and  the  water  siMnled  hy  llieir  jinmrui'tiiXi. 
Dhiiigra*  litalw  tluit  thii«  metliod  uiii  be  relittl  u[Hm  only  iindif  n'^ 
tain  eoiiditiiiii^,  and  even  then  il»i  action  ix  not  contimiou.".  Tlif  ti^t 
nni-'i  i'X{H-ud  itself  fir>l  in  oxi<lii'.ingorpinie  matter  and  nitriti«  Wf"* 
altnekiiig  oi^mi^nm,  wliieh,  for  their  de!itrueii<in,  recjiiire  il  iii  feinj 
Mining  fMiliitiiiii.  He  l»-licvi-  the  methcMl  to  Ik-  ltilhi<'iou»  in  lluviy> 
iJvfuctive  in  lechnie,  and  inipoi^vihle  of  practical  application. 

Sodium  liyiMH-hlorile,  "eldonnatwl  soda,"  and  chlorinate*!  I'lit'? 
"eldiiride  of  lime,"  arc  winictiniw  u«il,  hat  in  the  caw  of  hetim"* 
withuul  gneat  risk  of  imjuiriing  disagreeahle  timte.  Moritx  Tm"'*' 
gives  n  simplo  nu-tln)*]  of  purification  hy  inmnK  of  the  latter  spfflt, 
whirh,  nddcfl  lo  the  extent  of  less  tlian  half  a  gram  to  a  hundred  lilw, 
killti  all  l»acterijt  within  two  hoiir*'.  The  ex(«us.4  of  the  agent  e  ik«' 
traliml  hy  the  addition  of  somewhat  Ii-n^  than  hiilf  the  amount  tiT  ^1* 
phitv  of  MNliun),  nlucli,  Hddc<l  .-"nmewhat  in  exi"i-.<s,  drn^  no  Imm. 
since  il  is  mmjh  oxidir.ed.  The  a>i*^crtion  ic  maile  tJuit  water  thil-  tnalw 
|)0t««f;wi9  no  disitgreitible  tiisl<-  aitd  huH  it&  hsrduou  not  apfkreciiblf 
inoresK?*). 

The  "  Woolf "  method  consists  in  adding  a  2  to  3  |>er  cent.  MilntiM 
of  Milt  (leeoiniKMitl  by  a  cunvnt  of  4'lcetrieity  oi'  .sntfH-ieut  streiifclh 
Thia  U  equivalent  to  adding  the  Mxliuni  hypochlorite  it^ielf,  whirl! 
agent,  aeeording  to  Hrmerumnn  and  Deiter,*  can  destroy  in  tr 
minutes  all  lyphoiil,  eholctn,  au<l  ooli  orgnni^nii>  contninc<l  in  a  liter  at 
water,  when  enough  is  emph>yed  to  give  4'^  milligrams  of  cU'eeiiv 
ehlorinc.  The  MHliuni  eoni|Htiuid  i»  more  efl'ieirnt  limit  chhiri'lr  u 
lime,  for  the  wltule  of  i|«  available  chlorine  ie  almost  ini-tantly  di 
fViHed  ihntugli  tl>e  water  and  aet.i  at  onee.  Alter  [Miriftcnlion,  tb 
chlorine  i»  neulndixed  by  muiM"  of  Koilinin  »ulpl)ilo  (140  uf  sulphite  t 

>  Indhn  M*dk>l  OnMUs  July,  XfWi. 

'  Iliidtiu.  J«\r.  IWW. 

■  Rriliib  Ucdmil  Jeiimnt.  Aiitf.  IT.  1M1. 

*  Zeltis-hrtft  rUr  Itvvii-iir  uml  InfivtioixliMnkhellen,  X\'U  p.  119: 
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4(1  of  cfaloriD«),  uuti  till-  wilier  is  llicn  |irurti«i!!y  ui]ulh<rc<l  in  ajiiKiir* 
aiui;  tasti",  wiiw"!!,  and  hardiiewf.  bill  ouly  when  the  ammintti  of  tlie 
vi)ni|H.nin<l)^  to  in.' uiMii)  hiivt-  In-(-u  must  iiin't'iillv  di-ti'DiiiiKil. 

Chlorine  as  such  is  U!-ed  uW  to  sunt'  oxlcnt  ;  but,  iilthtiugh  effVftive, 
it  if  open  to  tin-  obji'i-tions  tiiat  a)>i>lv'  to  the  om;  of  llie  hypooiiloritisi, 
of  which  it  is  the  active  aj^-iit. 

Hrotnino  al^o  ha-a  itA  advocates  as  a  cheiiiieal  purifier,  both  on  a 
small  and  on  a  laryc  '•I'ai*'.  St-iiiiitibiirf; '  rciHiiiiiiieiiiN  a  prixTX'*  which 
in  -oid  to  kill  in  live  minutes  nuarly  all  of  the  ordinary  bacteria  and 
all  |iatho^-nic-  iir^tni»in.i  foniid  i»  wati-r.  He  usi'ii  a  .-•idution  of 
yi>  partii  each  of  bromine  and  potji«>-ir  brotnldc  in  100  of  water,  1  cc. 
of  which  i>ulliir»  to  Htcrili/t-  -1  liteiv  of  Sj>rw  wat*r.  Aft^rfiveroinules' 
contact,  the  bromine  is  ncntrali/itl  with  nminnniii,  and  the  rf»nlt  i.-*  a 
chiir,  ta!*lfle--«,  slorilo  water.  Very  haiil  waters  and  grosely  polluted 
river  and  inanih  vratcr?  riipiiix.'  lurijcr  aiimnni!",  iH'i'anse  of  the  pii-si-ncc 
of  lime  .-ialt!*  iu  the  former  and  of  amnioiita  in  the  latter,  whteh  com- 
bine with  the  bnmiine  Ix-foiv  it  has  op|)ortiinity  to  ad  as  a  (ri'rniieide. 
M'ilh  such  waters  it  is  uwessary  to  add  enough  of  the  sohilion  to 
produot^  a  yellow  tiiigi-  whieli  will  p»-rsist  at  least  half  a  minute.  In 
any  ca«e,  whatever  the  amount  of  the  broiuine  sohititni  iiMcd,  lui  etiual 
volume  of  9  ]M-r  cent,  ammonia  water  should  be  added.  (In  U  later 
eommiinieiition,  mNliotn  .'^idpiiite  i"  I'eoimiiii-udi.il.)  'I'liiH  pnNH'-'>.-«  it* 
reeoni mended  particularlv  for  use  in  the  army,  and  in  the  tropics,  for 
)'hi[M''  »uppIie--<,  and  for  indivi<hial  iim-  in  timtti  of  ciiideniie-^.  A  kilo 
)iram  of  bromine  is  said  to  suffice  to  sleriliice  16,0(pO  liters  of  ordiuari- 
water.  In  practiw,  howi-ver,  iJic  priK-ftss  hiw  not  mel  with  a  larjje 
measure  of  success,  S^hiider*  has  tried  the  scheme,  and  tin<Is  it  unre- 
liable. It  wiLS  teitti^l  iu  the  Soudan  IvxjH-dilioii  in  18!li4,  but  llm 
tlillieulties  attending  it*  H>e  wen-  cnonifli  t-i  kaid  U>  its  abandonment. 

Treatment  with  metallic  iron  in  the  form  of  borings  and  puuehinKR 
in  t-niploywl  in  a  niinil)er  of  pUew  in  Kumpe  with  most  siieecwful 
results.  The  best  known  of  the  processes  ii]  Nvhieh  ihi-  ajrent  is 
«niplovixl  i.-«  thai  of  ,\iidi'rsi>ii,  in  whidi  ihe  water  is  deliventl  into 
tm  long  iron  cylinders,  on  the  inner  surface  of  which  are  ciineil  jKirtial 
^  diaphra^ons  which,  as  the  ap]uiratus  slowly  revnlvi*!*,  esirri'  upward  tlar 
■  [liwsw  of  irwn,  which  fdl  nlxint  a  lenth  of  the  vohimc  of  the  ryliudcr, 
and  cause  them  to  shower  (iin-ianllv  downward  through  the  water  in 
its  {j(i.v:i^-.  The  cuHmiii  dioxide  tn  the  uali-r  atljtrks  tlie  iron  and 
fonns  ferrous  earlK)nate.  which,  when  ihe  water  is  discharptfl  into  the 
Open  air,  lK-<H>mes  oxidiziil  and  ponvert^-d  to  fi-rrie  hydnite.  'lliin  flix-- 
eidetit  tnalter  eiitiuigles  mitcli  of  the  oinanie  ina[len<,  inehidiog  the 
bacteria,  and  then  the  whole  in  ]i:lv«iI  iliroui;h  .*nnd  liliers,  the  effluent 
from  whieh  i.t  verv  puix-  and  pnelii'^illv  Merile,  The  pnKi-.'wi  i»  unne(.i<^!u 
Hirily  PX|>ensive,  involving  as  it  does,  in  aildition  to  the  tirsE  eost  of 
the  plant,  0011.411  U'raUle  outlay  for  ]iowcr  anil  oilier  items,  while  the  winic 
n.sulti'  io  the  end  may  Ijc  ubiaiiied  by  the  more  »in>])le  process  of  sand 

'  r>rtll«'li'   iiu.ili(.-iniiK-li(^  Woi-liPtiwhrifl,  Marcb  t,  1!W. 

■  Zrilodiiilt  tiiT  ll>-gicnc  und  InrcclionikinakliciUfi,  XXXVll.  ( 1901 1,  p.  .tOi. 
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liltralion  alinii-.  Moreover,  it  appears  that  witit  pcnty  »*iili'i>,  thi> 
orf^inie  wmstitin-ntf  nf  wliicli  form  iwlublc  (x>miKiiii»l«  with  tin-  imii,  liir 
reMilts  art-  un«iliriiacl"iry. 

Tlie  u.-w  of  <i/i)n<>  hii^  boon  reconi  in  Milled  lut  n  vrn*  riltuio»t  ntflW 
of  sUTilixin;?  driiikiii;r-wiit«T.  mid  cxjicrinHittti  on  n  larpf  «-.ili- luivc 
jicldcd  liivonibU'  ri'j'iilti^  t^x(KTinu'iiiing  on  verk"  nmiill  iiuatjtitii* 
with  ft  Sic-iiK-ni^HuUkc  iipinirnlns,  \\'vy\ '  JiMnnl  thiil  2.3  milli)rn)iii>  "f 
<)i»>i)e  were  siiffioiciil  to  <iei?tmy  i>i>  (wr  wnt.  of  tlie  iKuipria  oimtaiiwl 
in  2110  re.  of  walci-  from  thir  Tcj^I  lieke.  WilJi  3  und  4  niilli;inim>j, 
hi'  obtaint-d  roinpkte  '^tprilimtiuu  of  0,-'>  Uter  of  water  cmtaininR  fi.dOl' 
iKicterift  to  the  oe.  For  jicirifioition  on  a  laiye  »«ile,  th<-  itiijiun-  vratcr 
if  enii^  to  pcrc'olttt*  thnnijtb  a  timer  filUtl  with  |>el)Ide«,  lhn'U|rli 
wliich  the  ozonized  air  piiw*s  upwanl.  Tlie  Siemfiis-Halske  iippnntlii* 
ii-Hil  will  pri^liK-v  '2<l  i^runiK  of  o/>>iii'  in  nil  Wiir.  'Hte  Ixirlcrin  stv 
r<!tiiic«il  at  Itfflsl  W>  [H-T  cent,  and  the  |>er«entage  of  or^nio  nialtir  i* 
gnuitly  dintiDi.ilKKi,  i>iit  the  priHw-ss  is  at  ptv-siiit  wry  imii-rfivui"' 
nioro  ibaii  70  jx-r  cent,  of  tlic  wtont'  ])rf>«liioMl  i»  loet.  Tlie  iwiniw' 
water,  allliough  free  fnmi  odor,  has  an  nnplmwint  ta^te,  and  wtlli  umii^ 
|K>r»niii<  lift  urn-  nttiwv  deranp-nu-nt  of  the  i>lontiioli.  Thit^  fiiidt  »"<*■ 
BitntoK  further  cloeti-olvtip  tn?atinent  with  nhnniniim  elorlrvMli-s,  uliiwli.' 
ahiiiiiniiin  Indnite  i«  li^rnii-d  uiid  thv  wutvr  is  eliiritiiHl  anil  fmti  '"""i 
ozone. 

Sfxliuni  bi»id]ihato  has  been  rprommended  by  Pnrfcw  and  Ridml' '" 
th*,'  pro|Mirti'in  of  I'j  pmiiis  to  the  pint.  Tliey  stale  tluit  It.  I<iff>""" 
I*  killinl  williiii  five  niinuleH,  but  reeommend  :i  <.'outaot  of  fiOirc  miii- 
iilL*,  in  onler  to  in^iiv  cterility,  Warner^  haft  fotind  ibat  llti-'  '* 
eiiffieient  to  cause  a  striking  reditetiou  in  llie  number  of  added  ptm^ 
but  not  rvunplete  Hlcrilixaiion.  In  most  eawA,  It.  It/phntnin  ih  d^vtivycu 
in  thirty,  anti  H,  rholerir  in  ten,  iiiiniitcK.  (.'ontnirv  to  tlw  t-tatciiieU' 
that  the  ap-nt  ini|iarl>  an  ajjiveable  neid  1astt>,  WanKT  timU  tlial  W 
some  person!'  the  taste  i»  nnploiptinit,  and  to  all  wmiid  pmbcdilv  bitflni* 
irksome.  Moreover,  a  penwn  ootisumin^  5  pint*  of  water  in  a  iln/ 
would  xwnllow  T'>  f^iini>  of  the  Halt,  tWiieh  would  lotul  to  imirtu'^ 
rather  than  to  qiKmeh  thin<t. 

flH-iiiic;il  pitrifii'iition  nf  water  M>nu-time*  mvurs  willKUit  ibe  iiiti-r- 
vcntJon  of  pnieewM.'s  (rspceiaHy  providf*!,  of  whieb  fart  Professor  LetT' 
mann*  reeonls  a  eonspicuotiA  inftanoe.  The  Schuylkill  Kivor  in  tbi 
upper  [Kirt  of  its  eivnrse  rowiv^-s  tniirh  rcAiM'  mine-water,  and  lieeonim 
in>pn'^iat«-d  with  iron  ^It'i  and  frve  ntinenil  aeidi^.  "  In  it^  e^mi-si-  < 
a)>ont  one  bnndiv<l  miles  it  jws.^^  over  an  extensive  linn-stonv  district 
and  n-oeiviw  wvenil  bip-  "In^ims  bif;bly  elmrpetl  with  calcinm  «iT 
btinate.  The  rvKiilt  i<-  a  neiitnilimtion  of  the  aeid  and  a  preeipitatioi 
of  the  iron  and  mmh  of  the  ealrinn).  The  river  iK'ctimes  purer,  an 
at  itii  jniMrtion  »il!)  ibe    IX'inwiircr   Kiver,  at   Philadelphia,  it   con 

■  CVoIkUmi  dir  liaklvHot'xrie.  XXVT. 

*  Tniiiiwiions  iif  ihr  IC)>ii.lriiii'>1«inisl  Sodctv,  I^ndMi,  XX-  IBCO-IMl. 

•  Piihik  H«ltK.  J..1v.  |!*0l,  IK  TiiiX 
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neither  free  sulphuric  nor  hydmchloric  aoid,  only  tracefi  nf  iron,  and 
but  a  small  iLmnuiiI  of  mlciiiiti  :>iil]iluiU'.  [n  tlii:'  iiitiniii.T  then.-  ik  |m>- 
(luocd  a  soft  water.  BupLTior  to  tliat  of  tlie  river  near  ir>>  source,  or  to 
tlw;  hard  «TiWr!»  of  thi-  tiiidillc  Schuylkill  ugion." 

'2.  Boiling  and  Distillation. — Builinf;  aK  a  uieany  of  punfiuition  hiis 
Imh'ii  |)rai'li-<i'ii  I'rotn  vi-rv  larly  times,  ami,  in  fwt,  wjv  advist-tl  l>y  Hip- 
pocratcs  (41(0—177  IJ.  f.  I  or  tin- nvoiiiiidwiif  oiiliHTitmieiit  nf  tlic  KiiUfii. 
TtiU  prooestt*  is  (juitc  iiiii-ieDt  i^o  far  as  destructiou  of  the  micn>organ- 
vsnxs  w  cunotTmil,  hut  il  doc-t  not  diiiiinish  the  mnouut  i,»f  oi^iiiio 
tnAtter.  It  does,  however,  re<liice  the  amount  of  dissolved  miiii'ral 
nuittvr,  ill  that  euli'iuin  carbonate  h<-]d  in  Kohiliim  bv  car]>on  dioxide 
is  precipitated,  and  calcium  sulphate,  being  \w6  Mlublc  in  hot  than  in 
oold  water,  londn  lo  M.'iKirati-  out.  Iluilin^  i.t  availiilile  only  to  a 
limited  extent ;  that  iii,  it  i«  a  pruec^w  which  can  he  curried  out  in  the 
household,  but  not  on  a  Inrjp-  jieale  bi?fore  public  distribution  of  water, 
ftrileil  wntcr  is  not  {tidntalde  until  «i?r.ition  has  ixwton-d  liw;  prO[M'r 
taste,  but  this  is  easily  accomplished  by  pacing  it  from  one  vessel  to 
anothor,  or  by  a^^ilation  in  oitit^rt  with  air. 

Distillation  constitutes  a  nioMt  efficient  process  for  obtaining  pure 
«-atiTr.  This  [irnciis:!  produces  nec(!.-wari]y  a  sterile  water,  which,  how- 
ever, ncdJs  thorough  aeration.  In  the  uppanitn^  uwil  in  the  United 
States  Na\'j',  the  .iimm  gt»es  to  the  condensers  in  eomp:iny  with  air,  so 
tliiit  tromleusfition  and  iicr.ttioii  ix-cur  coinciilcntly.  While  no  bacteria 
from  the  original  water  can  pass  over  into  the  diiitillate,  other  volatile 
niattiT*  can  iind  do,  and  inslanctv^  arc  («nimon  to  prove  that  the  dis- 
tillate of  a  Ibul  harbor  water  miiy  produw  nausea  and  diarrhoea  in  all 
who  drink  it. 

3.  Filtration  t<  a  pnicess  of  purification  which  is  most  eiEcieot  and 
n\'aikble  for  Urgi^  waliT  supplies.  Il  Ls  employed  on  nn  e)ttwb<ivo  jicale 
by  nnmen>ui<  large  citlc;*  in  Eun)|>c  and  in  tliis  country.  Before  descrii> 
ing  the  process,  however,  it  is  iu  order  to  contudcr  filtration  iu  tiie 
honschokl. 

DOMESTIC   FILTESa. 

The  domestic  filters  in  common  use  are,  as  u  rule,  ufieless  except  for 
the  removal  of  -us(M-nde<l  niatteis,  sueh  an  iron-rit.'it,  din,  and  olht-r 
Cffflrsc  [inrlicli--s  and  worw;  ttmn  nwlcss  in  res^pect  of  bacteria,  the  re- 
moval of  which  is  claimed  but  not  accomplished,  in  that  they  ^-nj^iider 
a  fal.se  sensft  of  safety,  while  tiicy  favor  the  growth  iin<l  niulti|i]i(ntioD 
of  orgjmi>mK.  Mort  of  them  are  i-mall  affairs  for  attachment  to  a 
water  faucet,  filled  with  a  filtering  miHliiini  of  ciKirwc  .-•iiiid,  aniniid  i-liar- 
vna\,  wpongc,  grounil  ghw-s  wofil,  felt,  and  other  substances  which  strain 
out  the  visible  suspended  matter  not  a  wbit  better  than  the  simple 
flannel  bag  in  common  use  in  New  Ktighind  an<l  clniwlierc  ai|nartcrof 
u  t*nlury  ago.  The\'  permit  the  ]ias<Bge  of  a  good  stream,  and  this  fact 
itself  is  proof  of  their  ineflieierK-y  as  iKicti-riii  fdti-n*,  tor  any  material 
sulliri<-ntly  coarw  to  permit  raplfl  passage  of  water  is  not  suflicieiilly 
Sue  to  hold  back  such  exceedingly  minute  suiipended  matters  as  baeteria. 
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Mofit  of  IIk- mntcria]!!  iiRtd  bcc-onic  vvr^' foul  in  a  »l>ort  liiiiv,  andin 
consecjuenco  iJn-  wattT  i<*  ri<'her  in  bacteria  nn  issuinjr  than  it  wns 
liifiirc  i-ntmm-o.  'nKiinticsilly.  aiiiinni  cliiinieil, 
on  account  of  it»  oxitiixiiig  action,  f?Iii>u)i1  Ihhd 
idiitil  lilti-nn^  nutiiiiin,  and  iit  lir^t  it  will  n- 
movc  II  lur^-  ))r»[ii>r(i<in  of  iho  bacU-riii  iiud  more 
or  !(-*>s  ol"  any  iviioring  maitt-i:!*.  Util  vi-n'  sIk-hIt 
il  lM.viiiiitT  foul  ;  titc  i-nlciiuii  )))i<vi|))iati-  wliioJi 
it  coiiifiiii^  ijH  <if  ^r«at  ai^ibtanix-  to  thcgr<>wili «( 
liiu'tiriii ;  clitiniiig in im|>oi.<->iliU', an<)  tltr oHltii'Ui, 
if  stored,  I'ooii  iK'icurnvs  very  luul  and  tinpln'oiiil' 
T\vr  only  domestic  filters  worthy  of  tlw  iiatai- 
arc  llnMK'  wliitb  rcnjove  inucliuiiicaltr  all  thr 
liaittria  of  tlii"  irater  and,  at  tlw-  wiok-  linii-,wiJ 
iii>tliinn  of  liifir  own  MiWtanoo  to  ihi'  "nlir- 
Smli  arc  tlie  Chamberland-Pasteur,  the  Bi^ki- 
fi'lii,  itii<l  othcni  bti.tcd  on  (be  Mtmr  prmciplA 
In  tlnso,  the  filteriiiB  milium  U  niiglujatl, «flU 
IkiUiiI,  liollow,  j>oi-(f lain  cylind<'rs  i-tonil  iii  uiw 
end  liki*  a  twH-tiiW,  onclojwi  witliiu  »  nwtallw 
or  giasH  jacket,  with  (sufficient  interveniiiK  »!■'* 
for  thi-  wul*r.  which  cnt<>rs  <]in-i.'lly  fnaii  ilM'top 
under  itt*  usual  prepsurc  or  ■'  head."  The  open  lower  end  «(  ""' 
oylimlcr  diseliarm*  the  wul^^-r,  whlHi  |ia-iH(t>  dirw'liy  ihroii^'h  tbt'^'"* 
of  the  cylinders,  or  "  boucies,"  in  the  same  ^^ay  in  which  it  wnnW  P* 
ihroHgh  blotting- (in piT.  The  material  is  such  a  very  liin!  stmincr  tu** 
it  excludes  ail  suspended  niattci>i  wlinlMX'Vcr,      (See  Fip,  ;13.) 

The  li(>Uf5;ie.-*  of  tile  Ohainberland-l'nsteur  filter  are  mad'-  of  '""'' 
bakoJ  kaolin  of  tbc  proper  ilepni-  of  pi>ro^ity  iin<l  banllKTv.;  foruwr? 
those  of  the  Iterkefcld  filter  were  made  of  a  eotl  friable  infusorial  «"^ 
peculiar  to  (Jcrmiiny,  aillctl  K ic.-M.'lKulir,  bul  ns  thty  wro  very  bnt''* 
and  ven,-  liable  lo  fracture  while  being  clesine<i,  tliey  arc  now  maJ*-')'' 
a  sjnTial  lileiui  of  i-lnyy  iiitcd  in  the  manufaoture  of  the  finest  pon.-el*'''' 
Bougies  of  other  makes  are  of  porccluiu  of  vaiyiiig  gnidw. 

All  lh(!»c  filtering  tuheti  an  purely  mechanical  in  their  actJon,*ixl 
remow  none  of  the  matt^Ti*,  iKiisouousi  or  otherwi.>4e,  in  solution- 
While  they  remove  and  retain  on  their  external  surface  all  iIm-  bactmU 
tbcy  I'liunot  pn-vi'm  Iho  (rrinvth  of  the  orptni-ims  from  without  inwnra 
through  tbeir  walls,  and,  indeed,  this  occurs  so  quickly  iJinl,  in  onkT 
to  iieourc  abtwlutely  xtt^rile  u-ater  continuously,  it  is  tteoeeeary  to  dnn 
and  sterilize  the  Iwupics  daily,  ami  thus  it  is  ndvisibh'  lohavptwo 
sets,  one  of  which  can  lie  cleaned  while  the  other  is  in  use. 

It  Itas  l>et>u  j)nivi'<I  rt'iMiitctlly  ihnt  normal  wntor  iind  water  artifi* 
ciully  and  extensively  infccteil  will  yield  on  the  fir>-t  day  of  the  use  of  a 
clean  bougie  a  iterfecily  stej-ile  filtrate,  and  that  on  tlie  senitKl  or  tlurd 
day  a  very  small  number  of  luieterin  will  most  likely  he  present ;  but 
thcw  are  invariably  ordinary  water  bacteria,  and  if  the  pnthogriiio 
varietit»  oectir  in  tlic  filtnite,  tlie%'  come  cou»i<l«rably  lnurr,     l{c{>»itM 
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(xporimcnts  with  water  infected  with  B.  coU  eommunis,  H,  ftf/tftttntai, 
•ihI  li.  rfuifenr  have  fiiiliii  ii)  |inivc  (lie  piLs^'ii^i.'  of  aiiv  of  thcs«  orpan- 
vih'ilv  the  owliiiivry  water  bacteria  go  through  verj-  readily.  To 
!  a  nga\iir  inipply  nf  vrholcjtonie  if  not  a)mpl<:t«ly  »ilcrilo  wat«r, 
'ft  i«,  tlicrciVire,  sutFwinit  to  clam  the  ttil>cj*  by  scrubbing  and  boiling 
or  by  bilking  about  twice  a  week.  It  appeiii-ri,  howi-viT,  rhat  the 
Chi«nl«Tliiml-Pits!cur  itnil  iWkcfilil  binigicKure  not  cqiml  inefficiency, 
for  llon-ocks'  bae  succeeded  in  growing  I}.  lyjihoKu*  tlirough  th<t  wv\\.t 
itf  tlic  latter.  He  attribute-*  this  nwtilt  to  tin*  lar^-r  size  of  tlic  Incunur 
spa««  and  to  the  GoDiie(]uently  diminished  immobilizing  and  devitalizing 
inHuenoe.i.  8ine(?  the  shortest  linn-  rciiiiircil  for  tin-  Iwicilli  to  li-avtrw 
the  boimic  i*  four  dsiyp,  i^tcriHzation  by  incline  of  boiling  water  should 
be  carried  out  every  thi-ee  days,  in  onier  to  infiure  oi>ni|iict4r  siifi-ty 
III  genemi,  Ibc  requirements  of  a  Kutisfavtur^'  domestic  filter  may  be 
i\s  follows :  It  fihould  yield  a  sufficient  supply  of  elear,  colorlena 
fnv  from  tjwtf  dcrivwl  from  tlie  filter  itwlf;  tilionld  arrcHt 
all  bacteria  and  their  i^jxires  ;  and  should  be  sim]>le  in  construction,  and 
oflVred  nt  u  low  price.  Thn^i  fur,  tliuiie  rniidt-  on  llie  principle  of  the 
Chiimlwrlund-Pasteur  filter  have  met  these  requirement*!  best.  Their 
introduction  into  u.-y  in  the  Kn-neJi  iirmy  in  1 889  wan  followi-d  within 
twu  years  by  a  reduction  of  more  tlian  50  per  cent,  in  the  number  of 
cases  of  typhoid  fever  occurring  therein. 
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Filtration  of  Public  Supplies. 

Filtmtinn  on  a  litrgt'  !<oalc  i^  nceomplish<il  by  the  aid  of  fine  tiund  in 
filler  ln-ds  of  pnijK'r  couatruction.  which  act  both  mechanically  and 
biolt^ically.  The  first  bed.t  of  which  we  have  a<wiirale  knowledge, 
those  conrtriicted  by  Simp;">n  in  I>ondon,  in  the  year  1829, 
which  were  intended  pi-imarily  for  the  removal  of  dirt  and  other  siis- 
|K-nded  inalters  wm!«inj;  turbidity.  The  proee>*  wiw  n-jpirded  at  that 
tinw  as  a  purely  meehanic:d  one,  and  though  in  course  of  time  this 
kind  of  filtering  mttliuni  (uine  into  very  extensive  use,  it  watt  geiu 
erally  belicvwl  that  as  carried  on  there  was  no  marked  chemical 
change  in  the  water,  and  tliat  what  did  oiviir  was  attributalile  to  oxi- 
dation of  orjr.inic  rnalter  by  air  in  the  interstices  of  the  Niiid.  Thi» 
vnts,  indeed,  the  view  heUl  g(-nerally  up  U>  the  time  when  the  estencive 
nLscnrch(r<  iK-giin  by  the  Stale  Board  of  Hwilth  of  .M«;<»)iehnj«'lt»  in  the 
dimmer  of  1J*1<7  proved  the  great  influence  of  bioloj^HcTil  agencies,  al- 
though it  had  Ix-cn  >liowri  hy  Mi^idc  K-illon,  Heratii^,  I'lagge,  Pi-os- 
kauiT,  and  others,  that  liltration  removeil  all  but  a  trifliug  piTinitngo 
of  micro-organ iftins,  and  (hat  water  bacteria  ejterted  some  influence  oa 
Uift  nmouiit  of  the  usual  conctitticntf  of  water. 

Although  sand  filtration  of  public  supplies  Is  of  comparatively  recent 

jn,  itif  u:^e  fi>r  individual   house  Kiipplii's  antedates  t^impson  hy  at 

K  century  and  a  half,  for  Poriius,*'  writing  in  1686.  relate*  that 

'  Briliib  MciJiral  Jininul,  June  15,  1901,  p.  1471, 

'  Dc  mililia  in  oiuirU  mnitsUi  tni^niln.  niictorc  Luc*  Anlonio  Pnitio.  Vi«nmt,  IS8&. 
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the  Venetians  were  accUKtomed  to  filter  their  drink  iiig-walcr  tluvuRh 
Byi'iY  uf  mlikI  within  Ibcir  citttfrnci,  in  unti-r  to  riit  it  of  ditiagrMablG 
inr  ntui  taste 

Tbp  first  beds  «instniet«l  hy  Simpson  wero  ))r(>:wl  baxinfl  twelve  Pw-t 
ill  d(.'j)ti),  will)  ini]K'n'imi)>  bttttomi^  uiu]  ndiis.  (iinuiniii^  Iiiyi-rs  of  I'tunti', 
gravel,  and  wand,  which  occupied  half  their  depth,  lleiieath  the  stoKs 
were  laid  i)nltii:irv  drain  pilM'M,  lliron^h  whioli  the  tilten-d  water  wilk 
diwharj^ed.  As  the  top  Invert  tif  siind  Ijci-ame  elo^iied,  ihcr  were 
K.-nip<K]  Hud  nniewi'd.  The  I»e<!s  of  the  ])run*nl  <liiv  are  wmslTuctrtI  on 
very  similar  lines.  They  are  virtually  immense  liink»  uf  vitr^inp  sin-, 
»liii|>(!,  and  eonstriiction.  The  walls  are  aotuetiniee  vertical,  but  more 
often  ^liipin^,  pometiine.-*  huill  nf  !«min*  or  ooncrMe,  and  wmietimes  o>n 
Hinting  of  ordinary  euibanknieut.  U{K)n  the  pavi^l  hottont  ttf  a  bed  is 
laid  II  nyi^tein  of  ]H>rfniiiU'd  or  tlUjoinled  dniin  piiHw  lading  to  A  <x-n 
tral  culvert  or  well,  from  which  the  filtered  pruijiiet  is  dmwn.  Above 
th<-  dr.iiiu  an*  Bnecessive  layers  of  course  gravel,  fine  gravel,  cxir* 


1 

1 
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Paillal  Tmiml  mc(1ij>i  of  0141'  fi>f  m  uf  nllur  bed, 

eimd.  and,  at  the  top,  one  of  fine  sand  from  three  to  five  feet  in  depth. 
(See  Fig.  :14.) 

The  fine  Mind  is  sharp-j;min(^^l  in  character,  ^Kii  an  in  ohtniriabl« 
at  the  seashore,  an<l  it  fhonld  not  contain  clay  or  other  material  i>r 
nimiLir  miinitenc.o'  of  |inrlicle:  if  pn-^^cnt,  mu-ii  lihmdd  Ih'  n-niovifl 
completely  by  thorongh  washing.  v\s  to  the  size  of  the  Hind  piirli- 
c\fs,  it  may  be  i^tiiled  p-nendly  tluit  the  Iiiht  the  griin.  the  Ixiier  the 
effliK'ut;  but,  it  >^h(iulil  l>e  iKldc<),  the  mori'  mpidly  it  lN-«^^imes  clogged 
and  the  more  fretnicntly  it  needw  to  Ix-  ftcnijwd  off,  and  finally,  tlic  uif>ra 
difliciilt  it  i(<  to  wnnh  for  fntuixr  n^'.  With  the  liiKvt  i>»n<l'',  the 
iKicteria  arc  rcniovetl  jibwjlntely.  but  filtration  proceeds  so  slowly  that 
tlwir  nse  is  not  prticticHble.  The  in<wt  eflirtive  siw  of  grain  i»  a 
mait4T  on  nhieh  opinions  differ;  but  whatever  tbe  sixe  aduptixl,  it  is 
important  that  eare  be  taken  to  insnrv  unifonuity.  It  t*  slated 
variiiiisly  to  be  fnim  a  fifth  to  one  mtllinu-ter  in  (linmeter,  that  1*, 
the   diameter  of  a   sphere   in    volume   etjiial    to   that   of  iImt  grain 
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without  Rfpinl  tu  llir  «li;i]K'  ut"  itiv  l(llt«!r.  'llu:  liiglicr  tipirr  w  lilt; 
ODc  adopted  bv  tlie  authoritii>s  at  Ilaiubiu^, 

Dot'ofW  tin;  water  i.i  iiiiiiltci)  to  tin-  IikI,  U  may  U*  n(lvi.>abli> — and 
if  it  is  from  n  turbid  river,  it  will  be  ncoessary — U>  nilitw  it  to  «1uud 
M-vcral  (lays  in  a  settling  basiu  ur  reservoir,  in  order  that  tho  siis- 
{trndtxl  matters  may  Miilmiilo,  utk]  tliiis  l\w  too  rupiil  clof{giiig  of  tlio 
interstices  of  the  saiid  \viih  mud  be  prevented  or  retarded.  Obscrv- 
•ni'i-  of  tlii.i  prc<iiiitii)ii  will  result  in  k'.-ux.'iicd  niHi'SMitv  of  rn'[[U<>at 
vleaninj;.  Not  only  arc-  the  susj>eiKli?d  nuittvrv^  Wm'IIixI  in  amount, 
hut  orjpinio  niatu-rs  in  soliiUon  may  lie  destroyeil  more  or  K^s  (•nni- 
|)Irtcly  by  biictcrial  action,  and  the  bautfriii,  loo,  may  be  iliniiniithc^^l  in 
number  by  lieing  carrifd  down  with  tlie  scfttling  matters  with  which 
llify  are  in  coiiturl,  anil  by  tl)e  d«it!i  »i'  tlif  lew  burdy  vnrictit'.i.  In 
the  cttse  of  wat<?rs  from  ponds  and  lakes,  the  pit'liniinarj'  scdinicnta- 
tion  pnHH.i-<ls  in  Mihi  an<i  the  i<<-ttliii^  lank  is  not  nM^lod. 

The  water  is  delivered  coutinuoUKly  at  the  ^urfacn'  of  the  b''<l  by 
devices  automat ioally  n-);iilated,  and  iiereolates  downward  through 
ibt'  vurioiiw  layerH  of  »ind  and  jrmvfl  to  (he  outlet.  piix;K.  Kxwpt 
with  very  fim?  sands,  the  first  *vat«-r  of  the  effluent  ie  not  mueb,  if 
any,  pun-r  than  the  original,  but  in  a  vbort  time  a  SKlimi-nt  layer  ii^ 
formed  on  the  surface  and  a  slimy  algoid  growth  oivL-urs.  This  »upeT- 
ticial  layc-r  aetA  Ixith  iiKH-lmnlmlly  and  by  its  eontainetl  bant«ria  to 
OMiw  the  removal  and  oxidation  of  or;gauic  matter  and  dei^tnitrtion 
of  baineria.  The  resulting  etfltient  is  (|uite  jiure  and  pmetically  sterile. 
The  Lawrenee  filter,  ibr  instauce,  removes  more  than  97.50  per  cfnt, 
of  the  organisms  prttsent  iu  the  wati^r  as  deliveit?d,  and  the  nJuetion 
is  still  more  markeil  at  the  bouse  serviec  pipt*,  where  9(1.17  per  cent, 
is  recorded,  the  im-nase  in  pniilieation  being  snp)H)^ly  due  to  the 
fact  that  their  nwe-^miry  loo<l  nrnttTial  hiLs  been  renioviil,  and  benue 
they  cannot  long  survive.  At  Hamburg,  Altona,  Stuttgart,  London, 
and  other  placi-s,  the  retliietion  in  baebu-Ia  is  about  the  i<ame  as  at 
].awreuee. 

All  orgiuiie  matters  art-  not  aeti'd  upon  to  the  same  wtlent  during 
tlllrution;  some  aiv  dei'ompo*wl  very  rapidly  and  minendized.  while 
others  are  attacked  so  slowly  that  complete  removal  during  the  short 
period  elajwing  In'twiin  entmnee  and  exit  is  often  ipiite  im{>ossible. 
This  latter  cUlss  includes  the  brown  coloring  matters  so  eomnionly 
present  in  surfaw-watj-rs.  These  are  very  stable  eomjMaind*  :  they 
jiersist  during  long  *tonigc  and  are  nilrifieil  but  slowly.  In  the  proc- 
ess of  chemical  tiisitnicnt  with  alum,  however,  they  are  coagulat«Kl 
and  rt-movoti  ver%-  (juickly. 

The  slime  hiyer.  mud  layer,  or  "  sehmutwlecke,"  is  believed  by 
some  to  eon^titiiti'  (he  role  wlual  fdlerlng  m<iliuiu,  ibe  s:ind  beneath 
airling  only  as  a  mean)^  of  support.  But  experiments  etiuducteil  at 
Lawrenee  and  elsi-where  show  that  this  is  not  trne,  and  tlial  if  the 
giVMli^wt  eare  lie  cxcR-ised  not  to  disturb  the  immwiiately  underlying 
sand,  almost  th<-  whole  of  the  slime  layer  may  Iw  sirip|>ed  off  without 
-caiLsing  any  change  in  the  buelcria  eouiit.     The  givater  jiurt  of  the 
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work  is  don*  in  the  upper  layers  of  tlje  bed,  and  yet  bacterial  efficiency 
i(i  not  iien-s^iirilv  iviitblishol  iik  sihiii  ii*  ii  MKitiiij;  hnit  Ikxii  ftirnicil. 
A  perfectly  new  filter  Joe^i  not  show  Us  best  re^iUti^  until  it  has  hvai 
in  Uiv  far  im)RU>  littlo  tiinc^  during  which  i\w  xnnd  jiarticlGA  for  a 
(•nii^idcrjblc  fk-pth  bi-conic  coated  wlih  the  jelly-like  dqtosit. 

The  aetive  :igents  in  bringing  about  the  draih  of  the  bacteria  eon- 
litiuiil  in  Uic  i>ll!u(-iil  mid  in  tid'onipli^hing  tlu*  dc>lnK-lion  nnd  niiiMT- 
alizution  of  the  organic  matters  arc-  of  the  same  clase  of  niirifying 
orgaai^mei  n»  are  cnniiiantly  at  work  in  ihi^  mii.  The  death  of  live 
biicteria  is  not  dinftly  due  to  the  process  wf  nitriltration,  for  it  luu 
been  proved  that  a  vi-ry  iiiarknl  inenii.-e  in  tin-  pnieiwf  U  not  neces- 
sarily airoiii|uinic<l  by  any  iliminution  in  the  numlKT  "f  uiipiniMn* 
which  manage  to  past*  through  to  the  drain.''.  It  i»  possible  that  tbe 
9Uppo<«L><l  rchilioii  of  miiw  and  cffoct  is  merely  a  wiiucidcncc  of  con- 
ditions, that  is,  that  the  conditions  &vorable  to  nitrification  are 
unfavorable  l<i  the  vitality  of  tin'  unliniirv  liitctcria.  It  iw  al.-io  po;— 
Kible  t]iiit  thruiif^b  nitrification  the  lattei-  are  deprived  of  a(  least  purt 
of  the  food  materials  naxseary  to  their  continued  cxislenoe  and  oiul- 
tiplicution, 

NitrlfimtioQ  somotimes  t^etuet)  sudilenty  aOer  it  has  beeit  proceeding 
for  a  lung  linu*  at  a  pnijicr  rate,  atid  then,  nlWr  an  interval,  bi^inii 
again  without  ap|uuviit  nasou.  One  explanation  ol!eri'«l  is  titat  the 
proceas  begins  only  when  a  ci*rtnin  nnionnt  of  niimgenou."  matter 
Jia«  aecuuiidatrd  within  the  interstlivs,  ihnt  it  then  pivcecds  until  the 
xtore  U  consumed,  uimI  that  pending  a  furtlicr  aeciiiunlation  the 
pmcc^  lapses  In  winter  it  does  not  begin  agitiu  until  the  tem-' 
jXTntun;  of  the  cHhK-rit  rwiehc-s  at  It-a.-'t  '■iil°  K.,  bul  after  it  is  tnKV 
startinl  it  is  unaffected  by  a  fall  to  :15*.  The  most  fiivoruble  tcin- 
])rr;tturc«  fur  the  pruoe--*.*  are  ihoi*  of  the  hot  summer  months. 

As  to  the  rate  of  lillratiou.  it  if  im|iortant  tluit,  wbali-vcr  tlic  mti-,  it 
tthali  Iw  unifonu  all  ovit  tlie  tilter.  It  has  lieen  |iro\ed  by  the  Mast^- 
chu^elt*  State  Bi^ird  of  H«iltb  that  2,(Hl(l.nO(l  pdloiis  jmt  day  <iin  Ite 
filtered  through  eaeli  acre  of  tiller  bed  with  the  removal  of  ^iiWtautially 
all  the  baeti-ria  oiigiitidly  pnseiit.  The  ImjH-rial  liioird  of  Health  of 
Germany  fL\e>i  2.o(M.>.OOt>gjdlonM  i>er  acre  nf<  the  maximum  anuaint  jtvr- 
mi^silile.  Koch's  thnv  rnlivs  of  tiltriitinn  are  that  the  rate  of  down- 
ward movcmiiit  oliould  not  exceed  HXl  millimeter*  mi  Imnir,  tliat  the 
fillTiite  of  each  section  should  be  examined  daily  while  the  bc<[  is  at 
work,  awl  llinl  lllli-n»l  untcr  oontaining  mom-  tliaii  100  bai^ei'ta  to 
tlip  cc,  should  not  Ix'  allowed  to  enter  the  pure  water  rpscrv<>ir,  but 
nhouhl  In^  n'jfteted  or  reliltcn^I.  The  I  wel  en  "logical  test  is  milcJl 
euperitir  to  ehcmii^il  nitalysis  for  watdiiiig  the  cllicienev  of  a  filtiT, 
and  a  temple  count  is  quite  suflident  wiiliutit  attempting  to  tdenU^ 
Uh-  ''ix'i'iei*. 

When  the  filter  begin«  to  disrlwii^  slowly  on  account  of  the  oxhMit 
of  the  algoid  growth  at  the  surfat*.  it  is  not  jqjfe  to  increase  the  prefis- 
nrc  unduly  by  Hooding  the  Im!  with  an  incrwiiied  depth  of  water,  for, 
att  was  shown  by  an  ex]M!rienoe  at  Berlin,  such  a  procedure  may  force 
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l.tlie  baotcriu,  w)iit-}i  bavi>  nceuraiilalH)  lai^y  in  tin-   nK^iilira  nf   the 

tgrovrtlt,  down  tlinmgli  the  tiltt-r  al  sucli  u   rnlc  llml   thi\v  are  not  Je- 

Itlmyed  by  the  usual  agt-ncicji.     Jn  this  case  the  walcr  Ifvt-l  was  raiwil 

Itwii  foct,  with  Uk-  result  i.hiil  \\w  jHirliini  of  llii'  i-ily  wliit-Ii  w;v  !«i[i|iliiil 

I  with  thp  waliT  of  tliiil   luirtifiiliir  \w\  was  visiUil  bv  an  e]ml<fiLiif  iif 

'  ly|iii()id   JifVCT.     Till-'  ratm-  snrt  tif  mvitlcm  <H^'iirni!  at    Alroiui   Mum; 

y«it»  sgo,  when,  a  y«ir  atV-r  siutx'Ml'uily  going  through  the  cholera 

epidduiic  which  tlevaalated  the  ncJghboriDg  city  of  Hamburg  so  t-xteii- 

*ivply,  a  ilcfcol   in  llit-  tilti-v  b<^il»  wa»  follo\»'c<i  by  jiii  outbreak   of 

rcliolera,  which  ili^easfr  bad  then  died  out  in   Hamburg, 

When  ihc  jwiiincnt  lavi-r  becoMK-s  wi  thick  aud  di.'ritU'  tlmt  willi  the 

juin    pressure  idlowable  the  rtiniircd  amount  of  water  fails  to 

asa,  it  l)(HX>nKW  nweiwiiry  ti>  scra[>i'  off  ilic  indi  or  so  llmi  has  lornutl, 

then  t'l  pnjcccd  hb  though  the  W'd  witl-  new. 

Ii  will   ri-(|uirc,  as  a  niK-,  st'veiid  diiys  for  thr-  formation  of  a  ni^w 

•Hilimcnt  layir,  uiid  until  il  is  well  dcvcIo|Hil  the  cUbicnt  »bou1<i  cither 
be  rejected  or  pumped  back.     The  frequency  with  which  a  bed  will 
n^iuire  to  be  i^crapc)  dcfK'nd^  upon   individual  cin;unii>r»nci'.<>,  ;>U('li  a» 
the  siw?  of  the  grains,  the  chrirncter  of  the  water  as  appli<.>d,  tlic  rate  of 
ni4>V('ini'nt,  llic  wii-'oii  of  tht;   viiir.     The   rciunvxd   of  lln-   lop    i.-.   not 
(lifKcult.     It  \b  ((uitc  coni|>aet  and  distinct  IVotii  the  Hind  bcnitith  it, 
nd  is  readily  [Kired  off  with  shovela  or  other  toolflL     Successive  cleau- 
lingT'  may  twkc  place  ivitliont   replawniciil  of  tlic  wind,  until  the  depth 
lof  the  filtering  material  is  ivdnced  to  about    1  j  iuchci,  but   not   below 
'  12.     The  ccnipt^^l-ofr  sand  may  bf-  wuf^hcd  tlioroughly  in  a  machine  for 
jlhe  jturpoBO  until  a  simple  in  a  l)eaker  yields  uo  tiirbiiliiy  to  clean 
[.wntvr,  nud  it  may  then  be  »lon!tl  until  iieHh-d  for  future  applicatiou. 

Experiments  have  been  tried  repeatedly  in  Massachilsettt^,  Herlin, 
'•■III  ciwwi)crc  in  ^tiTiii/Jng  sand  by  boiling  it  in  WTiter  or  ritbcrwim^- 
Mibjecliiig  it  to  high  temiwraturcs,  and  then  detenniniiig  itu  efliciency, 
{The  results  have  proved  invariably  that  more  liaeteria  are  finiiid  in  tlic 
filtrate  than  in  the  origitml  water,  and  this  is  explained  by  the  iiup|>o- 
sition  that  the  baeteria  that  enter  find  in  the  <VM>keil  organic  jiiatter  a 
fiHJ"!  supply  iriost  l;iv()rablc  tJ>  eiiormonji  ninltiplieatioti,  and  that  the 
bacteria  in  the  washed  sand  are  nece*!ir\-  for  the  destruction  ()f  oi^pmio 
matter  and  of  stmie  "f  thir  varieties  of  water  iMii'teria. 
During  and  inmii'iliati'Iy  alter  the  Hcrapilig  process,  the  Iwd  is  neoes- 
earily  out  of  nw,  and,  then-fore,  it  is  mirssary,  in  >ii-ih'r  to  insure  eou- 
tinuoui-  tihnition,  to  have  a  nundx-r  of  .-c|nii-,iIc  Ijiils.  iind  In  sersifn-  iJietu 

I  ill  turn.  Ill  this  way,  while  one  is  out  of  use,  the  others  can  carrj'  on 
tiie  Work. 
In  cold  weather,  owing  to  increased  viscosity  of  the  water,  the  rate 
of  Hltnilion  is  less  tluin  in  tlw  warmer  montlis.  In  very  eokl  i-liiiiiilt^, 
tJie  formation  of  thick  ice  niakc^  proper  cliiiui-ing  of  the  Mirface  im- 
possible;  ami  irn|)i'rfeet  scraping  caiiM-s  ini[w-rfet't  liliralion.  The  re- 
moval of  the  ie*  augment*  considenibly  the  cost  of  maiiit«'nan<%',  and 
this  item  alone  is  one  of  suflieient  importance  to  warmnt  the  expense 
of  covering  tlie  beiis.     But  oidde  from  cost,  tlie  efliciency  of  the  jiroctut^ 
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is  so  much  ureater  arnl  the  clatiger  of  qiideniim  of  water-lxini*  <liMUfl 
if  M)  miK-li  (litiiii)i»)i(fl  tluit  (Ik-  plant  iii  ii  <»I(1  Hiiniitc  should  uImbvi  bt 
civcrttl.  Witli  III)  Jitii'iiVLTitl  Kilor  fiiljjwt  ti>  fri-c/iti;;  li-mjn-r4i(irt\ 
inilH-rft-Pt  tiltratiou  is  tilmnHt  siiro  t"  occur  j)«TiiMli«illv,  ami  tliif  in  irnfi- 
f»lv<\  hy  iiti  iiicrciHH'  in  tlu-  ibiiy  lKict4.*ria  rotint.  Tliiia,  Wiitlicli*'  hit 
noted  that  after  IrocKiiijit  hatl  ocpurrcj  in  llur  filtt-rt;  of  Allonu  in  Vrt' 
ni.'iiv,  l«Hii,  .fmiimry,  1887.  Fijmiiirv,  IfiSS,  mid  JnniiniT,  Ifil'l,  (Jn^ 
nDiiilior  of  j!i-rm«  in  t!ie  filli'itd  walor  iitso  tH>n>idcndd_v,  aud  in  nA 
iiiTHnnft;  in  tl)<;  iVillnwing  ntoiitli,  there  wils  an  utniMUil  titi3ttt--«  in  ^n' 
uniiiiuil  of  typhoid  fevor. 

Fn'pKiui;  ol"  the  Hurfoce  tnuaes  imperfect  filtration  by  hrinpini;  it 
alHtiit  ttint  iht  \ki\  i*  ovi-rworkt-d  in  thrwi-  pUcc«  wliich  art-  a\\]  (»r\i"U>. 
The  ai>plic!iti'>n  of  uarei- 1«>  the  Iruzen  6Hrfa<«  thaws  the  i«?  slowh  tnA 
iin<-<|tiaUy,  nnd  when;  tlic  WUt  la  uvtix'iv  it  is  doing  the  wort  nf  if 
fro/All  nc'ighlioriiig  areas. 

Si'raping  of  n  1h'<1  Ik-Iow  th<>  loc  «ibc  is  pcrfofmcd  with  a  mwiiiiK  - 
which  mils  l>ct«ccn  the  »ind  and  the  ice,  cuts  the  layer  and  rwmut  H 
in  a  hai;  nn  fast  ax  it  Li  rciuovcd.     It  in  dra^n-*<l  from  side  tosidewilli* 
out  brtakiiig  the  iw  uhovc  it. 

Covering  a  filter  is  advantjigeous  in  another  direction,  for  W  tk' 
cxohi>i«u  of  light,  fjTowlhs  of  idgn.'  are  inhihite<l,  ntid  tlicrp  is,  ihi^ 
fore,  lt*«  need  of  trefineut  cleaning. 

On  th«  other  hiiiid,  opi-n  llltrrs  gi-t  tin-  iM-iu'llt  of  the  stcrilinng  "*• 
fliienw  (d'  direct  snnlleht,  but  this  \a  more  than  oH'^Pt  by  thi-  jir'nWi"" 
of  hiKuriant  growth  oi  algie  and  other  microscopic  planttt  in  ilieunrm't 
months.  It  is  fonictime*  luirdly  po&>ihk'  to  kwp  (iltcnt  in  pfxl  work- 
ing order  in  sninnier  owing  to  these  jfrowtha,  which  <'log  the  intcrstuw 
vcri'  (juickly  and  cjinsc  diminii>lKil  cHicirmy  just  at  n  linw  wkn  ''"' 
denuiud  tor  >vater  is  greatest.  The  coincidence  of  graiter  dcniaii'l  *"' 
inorv  frequent  cleaning  doe*  not  i>fnnil  of  .tuffideut  intorvals  of  rwt 
after  the  cnmi>ietion  of  the  scraping  process. 

In  whut  i.->  known  a.i  "  inlonnilteni  fdtmtion,"  the  filter  Itei  i*  u"" 
for  the  reci'ption  of  water  during  psirt  of  one  day,  «iy  (■ixtwii  h'iiit>^"' 
e^'eu  during  several  (iiiys,  and  liion  U  allowed  to  drain  ofl'  and  tr*  ^ 
n  while.  A»>  the  water  <]mins  away,  the  int^a^ticot  of  tJM^  sind  Iimi"' 
filled  mth  air,  that  y,  the  In-d  InHHinies  aerated,  and  thus  the  nitrify' 
ing  hfteteria  which  bring  about  Ihe  de<triirlii>n  of  oi^nic  matter  nu^' 
il<^  i^iibMwjiient  minenilixation  to  nitniten^  arc  a-^iHtcd  to  mniiil.tiii  iliH^ 
vitality.  The  inienniiUiit  pruee^  i.-<  superior  to  tlie  continuuUH  if 
that  nitrification  pri}ecMls  more  i^trongly,  th?  oi]gnnic  mutter  i»,  tbRV 
fore,  more  coniphii-ly  ritinovtHi,  and  the  ordinary  liaeleriji  do  m«  siu- 
vive  rvi  lont;  in  ni-mti'i!  r>an<l ;  liui,  nn  the  other  IihimI,  il  in  inferior  Si 
thiit.  lu'ing  Ml  much  out  of  active  n>4e,  the  main  phmt  WhIa  to  he  a 
nnich  the  larger  for  the  neeompli.ilunent  nf  a  given  ainmiiit  of  woHc 
Ait  n  mailer  of  Giet,  hnwevor,  nil  i^tud  filters  are  nt  one  time  or  aiHttlig 
iutvmiittent)  since  eacji  time  a  be<l  in  wnijM-d  the  watiT  is  drainnl  nwajf 
and  the  sjmoc  formerly  iHvnpi('<l  by  ii  i*  tlien  hikil  witii  iiir.  S^imetiun 
1  DcuUvlic  nuMlii-laWb^  AV.iclii-Dmrlirlft,  1891,  n  S& 
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it  is  propoeed  to  put  the  huUt  thr()ii);li  »  pnx'cwi  of  (ImibU-  filtrali^ii, 
tliHl  til,  til  jia.'o  tlifi  filtrate  on  to  .iDotlicr  bcti  t'ltr  b-till  further  piirifiuitiun. 
But  If  llic  lirat  liltrution  liii>  Ixi-ii  nirrknl  out  [irii]ii-i-]y,  tJii^  tiltrattr  will 
liiivi'  hivn  deprived  of  all  the  iimteriaU  neceswin,'  for  t\vy  formiitioD  of 
thi'  rcstl  filt^Tiiijjsiirlair  on  tin-  stroiul  Ik^I.  TIiuh  the  |>iis.-agt'  of  the 
waUT  through  a  second  filter  would  l>c  much  in  iht-  niiliiiv  of  a  mere 
form,  for  il  woiihl  jwifl.i  priu-tiiydK'  niivhaiijpHl. 

Sand  tihration,  wlicu  properly  iiuin:i^-d,  hiiTi  provid  ilscif  no  efficient 
tjuil  the  nuinU-r  of  iiitiw*  and  towns  making  use  of  il  i^  gniwlog  jilmof^t 
daily.  Altbongh  pnjUi'tion  of  n  supply  at  its  wiui-ce  iniiv  Iw  prefer- 
able to  |M>lluiion  follow^]  by  sand  filtrstioi],  it  is  not  always  so  truft- 
worthv,  since  iKillntioti  inav  tTcep  iu  hy  aeuident  at  any  lime  in  the 
hesl  guarded  f-upplies.  The  ideal  cour>ie  is  protet^tioii  ut  the  sonroe, 
Ibllowed  liy  filtnitimi  U-fon'  dislrihnlion.  Thi>t  is  the  method  now 
«dopled  by  the  authorities  of  a  number  of  cities  in  Kuimjh-. 

Sii  f^niit  in  ihe  tni[Mirtanci-  of  liUi-.iiion  and  so  far  reaching  is  It  iii 
its  effects  on  priblic  health,  as  shown  by  vital  .ituliMic-s  lluit  the  uw  of 
unfiltered  tmrtace-walcra  for  public  distribution  is.  In  Germany,  prohih- 
itcil  by  hiw. 

"Mechanical  Piltration." — In  some  places,  particularly  in  tlw 
Unili-tl  Still.-,-,  till'  water  .■•n|i])ly  in  trtviled  in  wlial  arc  known  as 
mechanical  tillers,  of  which  there  are  a  number  of  varieties,  all  liased 
on  n  onmnion  principle.  Sueh  a  ma<-hine  (H>nsii<ts  ehie.Hy  of  an  iron 
or  wiwlen  cylinder  fillwl  with  rather  coarse  sand  or  eriinhed  quartz, 
through  which  (hi-  water  [Misses  hy  gravity  or  is  driven  under  pn-wurc 
at  a  much  faster  late — from  'A)  to  I-'iO  ttnies  faster  than  il  moves  in  a 
bed.  Til  take  tlie  plmt?  of  tht-  sedimojit  layer  whieh  formri  in  the  latter, 
jiu  artilteial  lihu  ii«  pnHlneL<tl  by  the  use  of  ainin  us  a  coagulant.  Tliin 
is  forme<l  qniekly  and  serves  tlie  aanie  puriKwe,  tliough  not  with  the 
siiine  thiinHighiics.s,  The  filter  is  e:ille<l  mn:haiiU-itl  imlvlieninse  power 
and  meehauii^d  deviws  are  eni[»loyed  in  regidaling  the  rate,  jiressure, 
the  npplieaiion  nf  the  ahnn  ^olntioii,  and  the  Hiking  and  shaking  of  the 
>«ind  ill  the  procew;  of  cleaning,  whieh  pnioi'ss  it  is  neceir?-ari-  to  carry 
out  at  short  intervals.  InHlnid  nf  removing  the  top  layer,  the  whole 
bmly  of  wind  is  thoronghiy  iigitatetl  and  wiwhcd.  Fiiter^il  water  i* 
pum|ied  through  from  bi'low  for  five  or  ten  minute-S.  and  ihe  Hand  laver 
is  agitaliil  by  revolving  rakes'  or  bv  eonipresswl  air  iiitrndnccd  fmrn 
below.  The  proces-i  is  not  suited  to  all  water  supplies,  but  for  the 
highly  eohmil  and  lurbid  wat^-rs  so  common  in  tlie  Scmth  and  Wi-si  it 
is  iBirtienlarly  will  ailapletl,  and  iii  cheajwr.  moi-e  efficient,  ami  more 
cosily  maniigetl  than  tillralioii  through  lie<ls  of  sand.  Willi  careful  niau- 
neiit,  U|<\v:ird  of  !)0  (n-r  cent.' of  Iwctcrm  are  removed, 

Flaqne  Filters — Anollier  form  of  filtering  appantins  is  known  as 
the  Fiseh<-r  plaijiu'  fdli-r,  which  i;s  made  of  porous  iirieks  alxmt  fi  ineiift* 
(l-'i  <nn,)  in  tiiicknes>  and  almul  4U  inches  (I  m.)  si|nare.  The  (xirosity 
is  greater  than  that  of  the  licrket'ekl  and  ChamlH-rhimi- Pasteur  liltiTH, 
but  iKit  very  much  so.  The  water  is  6ltered  under  pit-Miire,  and  the  rt^ultJl 
an;  very  favorable.     At  Worms,  whci-e  both  this  and  sand  fUtration  are 
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fill  {ill  lycxl,  910(1  hence  nuiy  fairly  Ix-  jiidfi^l,  it  is  fuiiud  tluil  tbe  tvo 
jiriKViwM*  are  about  equal  in  retiulU  so  tar  as  clieminil  aiialysft*  show, 
hilt  rliiil  iIh'  Kin-lirr  |iniccfE^  pa^wv-  ii  wiiicwliiil  IiI^Ikt  iinijHirliua  of 
Ixictcriii.  Tlip  i)rickii  are  cI«iiim1  by  ajiplying  a  rfvprsi?d  oum-nt  nf 
waUT  iiiiiU-i'  pivsHiin-,  bill  i-iiniiot  Ik^  :>t(Tilin-il  likv  Uit.'  [Kir(.vliiiii  boupm, 
and  beacQ  there  U  likolihoful  of  producing  au  inferior  filtrate  by  reawn 
of  growthti  occurring  in  the  potv.-<. 


Removal  of  Hardness. 

On  acpoiint  of  tlie  ennrmoun  wiiste  of  snap  no  well  as  loss  nf  time 
wliii'li  tin-  Use  of  liitril  wnk-rs  in  wjuiliinK  cotailx.  and  "f  iht-  iiyurj'  tw 
which  boileifi  and  bot-wacer  pi}»i^  aiv  rtiiliiwl  from  tbeir  action,  it  often 
Ih-coiiuw  mtr^Mirv  In  apply  :<iinii'  rfrmiiv  ^vhl.'r^.■b^'  the  (b^^x"  of  harxl- 
ness  may  be  lei-scncd.  This  may  W  «<vonipli9hed  by  the  aid  of  beat 
or  by  tht-  addition  of  HicmiiTiN.  Boiliufj;,  tut  we  Imve  s«ii,  ilrivwt  off 
tlic  tumtaincd  airboii  dioxide  ami  caiiMw  pni'ipitatiou  of  the  carbonates 
which  have  been  held  in  wohilion  by  this  itp-nl,  but  it  has  no  i-ffcrt 
on  ihi.- siiltn  which  ciiiiKc  the  (KTmanent  hanlncfw.  For  nw  on  u  hirgc 
scale  for  ptiblic  supplies,  (his  mefln.-<  I'*  hardly  ap[ilicable,  on  account 
of  the  iHwt  of  pliiiil  and  of  fiict ;  bill  for  domestic  pur]joj»c!'  the  co*t 
is  ciniipariitivcly  slijifhl,  in  that  the  fne]  nece*eiary  in  conking  may  he 
ntili/i'd  ci'im'idi-ntlv  for  llii-  {nirprtnc  of  hwiting  water,  t'ltv  the  cheniifHl 
treatment  of  hanl  watei's,  the  first  process  tlevieed  was  that  of  Clark, 
puIfiiK-*!  in  IS41.  Thi^priK'eiw  i*ltiii«il  ujitm  tbo»fIinity  of  «iu;iliv  lime 
for  i-arbon  dioxide,  with  which  it  forms  the  practically  insoluble  itarbonate. 

(^1  the  addition  of  time  u'ntrr  to  witter  i-oiitninin^  chiilk  nixl  tniifr- 
nt^iinn  cjirbonnte  hi-li;]  in  solntiou  by  c:ai'l>on  dioxide,  the  reaction  occtirs, 
awl  n  (lonlilc  {irecipitjiltoii  of  the  eiii'boiiiit4-i<  present  and  'if  t)i;il  fomtiil 
b  brought  al>out.  The  pr(KM?s8  is  very  ecoiioniiisd  »«>  llir  iii'  cost  of 
nintcrial  i*  eonwnii^il,  in  that  a  few  eenta'  worth  of  lime  will  n-move  an 
unKHint  of  hanlne^'s  which  will  dccnmpiwc  ninny  dollars'  worth  t>f  Mutp. 
Lime  waier,  howe\(-r,  does  noi  aii'ecl  rhe  chlorides  and  sulphates,  and 
Iwmv,  like  lioiling,  rt'hicw  only  the  rwiiixiniry  li.-inlnirM.  Kor  ilie 
emplnymeut  of  this  prooess  on  a  large  scale,  various  forms  of  af>]iiinitns 
liavir  been  invenled,  mni>i.-<tin^  of  chnmbcri),  or  tnnkit,  in  which  the 
lime  is  mi\e<l  with  water  and  from  which  the  mixtnrr  ptntH.'"  into  otiirr 
lnrg<-  ii'rN'ptacles,  whcrt-in  it  niti-in  iht-  ^viiter  to  !«■  ircnicd.  TI>eiic^, 
iKvonling  to  the  niitiire  of  the  !ipp!initn«,  i1k-  water  |mi>a(w  on  to  jtcliliitjf 
tanks  or  to  mechanieal  tilt<-rs,  where  separation  of  the  precipitate  is 
pnniplctiil.  Tho  Inr^-^l  piniit  of  thiM  kind  in  th<'  worhl  is  located  at 
Southampton,  England,  where  '2,<tOO.fli'i()  gallons  of  water  an-  IreuU-d 
daily  at  wlint  may  well  U'  ii-g:irdit)  ;i.-  an  almost  insigniiitant  cost. 
The  bnildiug  in  which  it  is  iii^tnllcd  covers  \c^  than  a  M-venib  of  an 
acre,  and  w  snfRcienlly  large  to  accommodate  additional  apparatus 
whereby  it«  working  e»|Mciiy  may  )>■•  incrc^i^il  by  baltl  W'Imtevi-r  the 
forms  of  npparatu.'i  employed,  the  priw-e-^s  must  W  carefully  suj>ervi*ed. 
aud  the  niuoiiut  of  lime  add«d  niUKt  be  eoiLituntly  it'giilated ;  for  if  Um> 


I 

I 
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liulo  is  cDiploycd,  thp  full  pxteut  of  pa»»ibl<r  softpniiif;  is  not  reaelieJ, 
fwlillv  with  too  mui-h,  the  waiter  in  niadi-  alkaline  and  tu«  I'arbonaic  of 
lai^oesium  U  retaimtl. 
Caustic  aoda  may  be  used  for  softening  waters  pimtaiuing  carboii 
Eldc  Hill)  the  sitlL'<  ciiiiAii)^  [vi.Tiimiii-nt  IiiiI'iImca.'i.  Aililt-il  in  pri>[ii-r 
lilt  to  combine  wilb  all  ol'  ibf  f'reo  «irbi.tn  diuniiJe.  it  foniis  «ir- 
M>iiiik-  of  soiliinn,  wliidi,  in  it«  iiirn,  albiclc^  and  difuni{His<!s  the  nilk-r 
salu  and  cauf^ts  their  precipitatiou.  Sixlinm  ivirbonutc  iti>c-li'  iiiii)'  he 
addi.ll  in  tin*  abscnct-  of  fi-ee  carbon  dioxide  to  bnug  about  the  sime 
result.  In  «uth.'  pniwsse^  for  .'><ifti-niri};  wiiU-i",  IxJlh  linn.'  and  inM^tic 
soda  or  siHliinu  airbonale  are  emplovwl,  tbe  object  being  tbe  reduction 
■of  both  icmpor^ir)- and  jjcrniunciit  lianlne.-it*. 

Removal  of  Iron. 

Some  drown d-wutors  contain  iron  in  »tieh  amounts  as  to  be  objection- 
Ixith  on  awount  of  it?'  itiHncuw  on  tlie  *yKt<'iii  find  bwaniw  of  it!! 
iiciion  of  .Plains  ou  linen  and  oihcr  texliW  in  tbe  laundry,  Tbeiv 
re  two  priiicijud  nii'tbij<l.'<  of  removing  il,  liolb  of  uliii'b  dcficni)  ii[H>n 
le  conversion  of  the  ferrou-i  comp'JundM  into  tbe  ferric  torni,  witli  Min- 
■qnuiil  si'|iiu'atioii  iv  u  ])ri>iripitale.  TbtHC  art'  liltiiition  and  lu'ralion. 
I'lltration  may  l>e  comlucted  through  sand  or  coke  or  aniuinl  irlisu'coid, 
lid  with  cithi-r  material  the  iron  in  ."ohilion  is  exposiil  to  die  action  "if 
ir  in  tht-  inlcrsiiw-i  and  betwinc«i  oxidiMtl  to  the  scsquioxiilc.  which  is 
ft  on  the  filtering  material.  If  the  air  *np]ily  is  iiwiHieicnt,  and  if 
there  is  much  organic  matter  present  in  the  water,  ihe  ssqnioxidc  may 
lie  nibici-d  to  the  ferrous  form  and  again  pa-"*  iutn  soliuion,  \Vh«n 
und-watcr  cuntJiining  li-!*"  than  :}  pnr1»  nC  iron  |R-r  1,000,000  !:•  cx- 
in  large  volmncs  to  air,  the  iron  will  settle  out  almost  completely 
Ithin  u  d:iv  or  a  day  mid  a  tailf. 
Another  methtKl  of  removal  by  chemical  treatment  involves  the  use 
of  ferric  ehloriile  and  tsin.-lie  linm  in  the  pr(>[)orlIini  of  1  and  o  %••  10 
gRinn^  rcjipeclively  to  Hieh  lOO  liters  <if  ^vatcr.  By  this,  the  "  Kronkc  " 
mrthwl,  all  tbe  iron  can  be  removed,  but  it  mi *!«.■< itates  the  use  of  a 
mixing;  (anh,  miixlniif  nllention,  and  eventual  filtnition  f'T  the 
removal  of  tbe  precipitated  iron. 


Action  of  Water  on  Lead  and  Other  Metals. 


I: 


Action  on  Lead. — Tiie  ipioftion  (w  to  the  liest  materinl  for  hon*o 
iiuiins  and  di>-tnbuting  pijM's  is  always  an  interesting  one,  and  ne\'er 
more  so  than  when  u  c^onsiiUrable  iinnil>cr  of  ihtmiiik  in  ii  community 
Ik^h  to  sliow  symptoms  of  Icad-poisoniug,  and  evidence  is  pri'^eiilt'tl 
which  incriminates  the  water  supply.  Asidi-  from  lln-  matter  of  cost, 
the  a<lvant:ji;e  of  whip;  Iwid  pijM";  lie*  i[i  the  eiuupanitive  «i«0  with 
which   Icjid  is  worked,  since  it  may  Iw   bent    to  auy  necessary  extent, 

nd  tlius  may  be  titleil  In  all  manner  i>f  irrepdarititu  of  eon^tnietion 
without  the  neeii  of  the  frt-quent  cutting,  thread -making,  iind  coupling, 

hich  the  use  of  inflexible  material  involves. 


li* 


366 


WA  Tun. 


All  nirlinat^-  wiitor*  havo  a  gix^sitwr  or  Uiwcr  tfiidcncy  to  iitluck  Ic 
Hcourdiiig  to  the  nature  and  Hmnunt  of  tbo  substaneeii  hold  in  miIiiUod. 
The  commonly  aix'vjiUil  .■■litUtnu-nl,  timt  ]»nn.'  Mitl  wiiut  U  prom-  to  at- 
tack kill),  and  thut  hard  wslori^  tpud  lu  protect  it  by  Ibrming  incrusta- 
tions over  thf  exjMisi'd  Hnrfaec,  is  tmo  only  in  part,  for  aomo  vt-ry  pim 
nott  w«lfW  cxiTl  iinly  vt-ry  i^lif^bt  ju-tioii,  while  some  veij'  bard  ones  act 
with  uniDiUiil  iut^'naity. 

Wiil(-r.->  onntiiiiiitig  very  »nitill  niiitiiints  of  orgunic  nnt)  niiuorai 
tuattviv  act  or  not,  according  ai-  they  contuia  nindi  or  little  dtsAolved 
oxygen  or  carbon  dioxide,  or  bi)tli. 

A  fhcniiwiUy  pni-c  water  would  piiibably  exert  no  jietion  whate\'er 
on  ctieinii-.iUv  pnrc  load,  bntronimimly  ni'ilhitr  lln*  one  miK-laiiw  tior 
the  ottK-r  i.<  nceii  in  ^iicii  »  stnte  vf  purity.  Oniinan-  distilled  wuttr, 
however,  wliioh  is  a  nearer  approach  to  abtmlntc  puritj-  than  any  other 
natural  wat*-r  I'aii  lie,  w  ill,  under  i-crtain  condition*,  acl  vcrj'  corrooivdy, 
the  eoiiditioh!^  being  the  presence  of  the  aljove-Pientioncd  fpi^es'.  Il  ia 
hcUl  generally  that  litlier  oxygc-n  or  nirbon  dioxide  alone  in  uiitor  liM 
but  littlo  intluenw,  but  that  the  two  together  act  %yith  varying  inten- 
eity  up  to  a  certain  pttini,  directly  projHirlionate  t<.>  the  amount  of  car- 
bon (]ioxi<le-  This  belief,  baM'<l  on  experiniciitid  obscriiitioni*  of 
Miiller,'  was  strengthened  by  Drs.  Antony  and  Beuelli,-  who  found 
that  the  higlic-'>t  rrsult-i  in  lend  (Hirmiiioii  wcru-  obtained  by  tlx-  tu^  of 
ui'mted  water  charged  with  carbon  dioxide.  Investigating  the  plnmbo- 
folveiit  proiK-rty  oif  a  |uirttc!ulnr  water,  A  Liebrich '  canie  to  the  mue 
ConeluAJon  :  that  the  ^iinultaneiiUB  pitM'nee  of  air  and  carbon  dioxide 
favors  action,  while  eillK'f  iili'in.'  hji>  no  |Knn-r.  Roeently,  liowftver,  A 
v<^rv  ext^-n^ive  iiiquiiy  into  the  subject  of  metallic  eonliiminalion  of 
water  !*npplie»  ha,-<  bi-en  eondm-leii  by  Mr.  H.  W.  Clark,'  chemist  of 
the  State  Doanl  of  Health  of  MatisachuKelbf,  wboi^t-  result."  indicate  that 
oxyp-n  i.-i  the  more  aetively  corrosive,  and  tImt  either  gas  can  act  alone. 
He  employed  <li>tille«l  watof,  freed  in  the  fin-I  place  as  oiiniplirtely  Hi* 
poK->ible  from  tliese  nnd  all  other  gases-,  and  then  iniprepnated  with 
known  nmiiiini.-*  of  cither  or  Imth.  CI^^ii  bright  lead  pipt^  in  K|uat 
amounts  was  phiccl  in  half-gallon  bottles  filled  with  water  eoutaiuing 
Iht-  gases  in  the  proportions  stated  below,  ibeii  M-aled  and  set  aside  at  a 
lempenitnrc  of  ^><°  V.  for  one  w«^k,  ul  the  end  of  which  lime  the 
amount  of  lead  takeu  up  was  detcrmiued.  The  results  are  shown  ia 
the  following  table : 


I 


Xo. 


OuM  fnanL 


iftnt  prr  imjDOD). 


1  OxygfD  luMiuratlnn    .   . . 

2  Csrboni)io«iilc  4|iMct*t>eTiniX(KKI  .        . 

3  CattK-a  dioiiJc  2D  yatta  [wr  lOi^OOO 

4  I  OtjgKt  tS  "f  •MiDrBiion,  I'O,  4  pnrt*  (mt  100,000  . 


o.49aa 

0.0801 


'  Jonnia]  (iir  prafctiaelip  Clitmii;,  tkrin  3;  36,  p.  817. 

*  QmMii  rliimicn  ilnlbnn.  Jnn.  31. 18ML  ii.  37&. 

*  ZcllMJirift  fUr  nn;n--ni><llc  Ch^mi*,  1898,  pL  T03. 

*  .\nnnil  Rvpoci  Tor  Itm,  |-.  Ml. 
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H       A  s[K>(;triicii  lit'  K'liil  ill  a  iHHtIc  (vititatniDg  uiitcr  from  which  the 

^R  oxyij^i  hull  Ux-n  buikil  out  ii>-  tijiuplcU'ly  as  popifiiblc,  aiul  the  carhoa 

H  tliiixido  ri'imivi^  bv  hariiim  Imlratf,  wiw  kept  iit  S*i°  !•'.  lor  (t  wrek  iiti- 

H  chaiip'd.     At  the  t-ml  wf  iIr-  >i.riinil  wwk,  "lijjht  acliou  wa*  iliw^'mihle 

ill  spots  on  tlie  surface,  and  aiiiilvsis  fhowwl  0.11774  purl  [x  r  10fl,ni)i> 

of  water.      A  jtiKviincii  of  oithmii-y  diHtilkil   wiiU-r  in  «   liottle  with  n 

small  air  space  in  the  up{ier  [3art  attacked  a  similar  pieee  iif  lead  pipe 

Ito  isiicli Nil  extent  ihnt  it  yicliUil  lO.'fS  jiarts  ]N'r  100,0110,  In  thi^nLw, 
the  tompemture  at  which  the  wut*r  Wiw  kept  was  81"  F. 
[iiti.iinu<-)i  itt  h11  driiiking-w^ti-r  contains  laori:  nr  Ii-.'ts  nil-  in  dilution, 
oxygen  is  always  present  iu  sortie  aiTitiunt,  ami  *ince,  CurthcrnMin',  ear- 
Yxm  ili^xido  is  also  p-nenilly  priMcnt,  it  lollows  that,  niiK-^rs  snliHlam-e^ 
Willi  a  deeitieiiiy  deterrent  iultiietico  are  pnweiit,  nmro  or  \efi^  eorrosioa 
is  to  be  wti>ei;t«I.  Xiinierous  inntanees  of  chronic  lead-poinoning 
due  trt  water  rifli  in  earlxjii  ili-ixiile  jiii-  on  rwvnj.  Al  SnnniertMil,' 
for  inslanee,  where,  in  1»XS,  iiumeroiiB  tases  occiirretl,  it  was  found 
tliat  tilt;  vory  jinre  water,  ricli  in  thi^  ga»,  dimiilvcil  lead  to  the  extent 
of  almut  ti  niilli^rains  per  liter.  At  Lowell,  iV[uf^mtihui^t«,  luinieroiis 
case.H  wen-  olisi'rv<-il  dtuing  the  years  18!)8  and  ISOli,  and  it  wiu*  dis- 
covered that  one  wnrec  of  Mipply  wsis  rieli  in  diKsoiveil  oxygiu.  and 
lliat  iho  otliiT,  which  istnsed  by  far  the  grtaitt-r  miniln-r  of  lasfs,  was 
^■rtch  in  nirbon  iliovide. 

H      ProfWor  -V.  \V.  UofTniann  believes  that  a  niodeniti'  amount  of  rar- 

^fboii  dioxide  le^wiif  (■"ri-osion   by  forming  .t   proteetive  coatiii;;  of  ciir- 

boiiat*!-,  Imt  that  an  exivss  of  the  gas  dLisolves  it  us  bieiirbonute.     The 

IgUH  is  auid  also  tu  have  no  uetiori  o»  kvul  umt«vl  with  suboxide. 
Water  containing  free  acid  of  any  kind  atiattks   lend.     Sulphurio 
neid,  which   is  sup|(Oi«ii!   errom-ously  to   form  an   absolutely  insoluble 
compound,  the  sulphate  of  lead,  is  [wirticiilarlv  active.      In  the  ordinary 
clienjii-;d  sense,  snipliiite  of  lead  is  iusiihibte   rri  wnler ;  hut    in  the  hv- 

»gieuio  sense,  it  is  suftieicutly  soluble  to  be  capable  of  protkieing  serioua 
symptoms.  Tins  aeid  is  not  an  uncommon  constituent  of  waUT  in 
minute  amounts,  especially  in  the  vicinity  {if  eilie-;  and  larjic  towns, 
where  it  exists  in  the  atmosphere  as  an  inipmity  due  to  the  eoinhustion 
Hor<.Hcil.  The  |Hiit  acids  also  liavc  conMilcrsible  action  oti  k-.ul,  but 
^^tbey  at*  not  alwayi  present  in  waters  fiimi  jieaty  (k-pivits.  Some  very 
Btmiwn  wulcrs  appiiir  to  cxerl  but  »lit:ht  notion,  while  others  urc 
^1  inteiiirely  corrosive.  The  peat  aci<ls  are  due  supposedly  to  the  (rrowth 
f  of  certjiin  niiero-organisras  found  in  [Kitty  Mjil»,  iiir  a  lu-iitnd  Hterilt/ed 
dtwoction  of  peat  to  «hich  a  small  atiionnt  of  fresh  peat  ii'  adde*l  will 
in  a  short  time  develop  an  ni-id  reaction  and  ability  to  dissolve  lead. 
[!I>icbrich  *  report*  n  pe«ty  water  poor  in  carbon  dioxide  and  carljonntw* 
[which  took  up  .'iOn  parts  of  lead  per  100,000  over  night,  and  more 
Ivhcn  culeiuiti  earbonjite  was  add e< I. 

The  ammonium  oi>m|M>unds  and    the  nitrates   have  been  supposed 
imonly  to  have  u  marked  corrosive  atrtion  on  Im<l.     That   this  sup> 


I 


'  IVntiicho  Vipn^ljnlirwhrift  ffir  nlT«nillclit-  ()*«uu<lbt-ilt>|ill«se,  Siippl.  XXIV. 

■  ZeiLwhrin  mr  iiugvwBiiilt«  Cliumiv,  IH9t^  f-  71)3. 


WATES. 


i!l,  has  bwii  pnivwl  amply  hv  Mr.  Clnri:' 


lie  wiit«TM>ntuiain|;  UH-m  % 


lint  iiitcnw  notiuii  is  niiiiiit'cMtirtl  only  wlicti 
exjMised  111  air. 

'I'lif  titi)s(ii.tifiit8  of  witcr  wliifli  tend  ia  l)rin(»  »lx>iit  oornMfiiHi  nf 
lead  arp,  tlipii,  t^rbon   dioxidf,  oxy^n,  atiimonia,   nitralee,  anil  fnn 
acldci.     '1'Ih-  i>u1iHtni)<>(«  which,  nti   tlu'  other  iuind,  i>xi-ft  n  protn-li^'v 
uvtiou  indiide  dilnridcs,  (nrbunnUv,  nnd  i^iliuiU^,  mid,  pr<>l«il>lv,  sul. 
pbatm.     Awortliiig  In  (  i^mki-s,  IhUiii):,  nud  Tidy,  O.Ct  j^niiii  oC  Ktlim  m 
the  imjivriid  gidlmi  iji  wiiHKrk'iit  l">  iilVord  coDipldo  pn>twli->n  in  nil  Init 
exceptional  nukv:.  even  when  free  acids  nre  pretietit ;  liut  certain  vatvt^ 
coninintn^  (■onsidcmliki  iinioiiiitti  nf  itjlicn  iirc  kmiwn  In  li^  iiirpvin 
I"  II  dwitlcd  cxti-nt.      TUd  pnitcrtioti  due  to  silica  iiuiy  bf  obtiiJiin!  hr 
allowing  tin?  \ratt'r  Ut  ttnw   rhirmijii   liniUi-n   titnl.  Hint  ami  clmlk,  hT 
litiii.'7'liitic,  lint  siiHi  ti^^^itmciit  soniptimts  li:i4  titc  uiiiici»irabkMflVi'tMr 
iuorMiKiDj;  cMrrualvc  power. 

Sf^Hliiim  mid  cideiiim  nirli<iiifito»  arc-  very  cfliciout.  Tl»c  hirarWiaw 
of  sodium  is  <^nenilly  ]>i't^ii'iit  in  iJioeie  verv  futi  wiitcn*  wldili  Imu 
thi'  slif.'hli-r't  action  ;  culniuii  iiirlHinntc  is  i-Hicicnl  whether  or  ii"l  ni- 
Ihmi  (liiividr  i"  ]iiT!*nt  in  the  watir  at  the  fumc  lime.  l''i>iir  (jmiii"  \vf 
gull'in  are  gem'tidiy  considenH)  to  tx-ijnitc  Mittii-ii-nt  m  iifTrinl  |wriii<iiiin 
undii- nioKi  cii-c'nnixtnnci-s.  As  au  illnstnitinn  of  the  influcnro  tif  tbi- 
ajpnl,  may  ho  eiied  ilic  fsiet  ilint  the  viry  pure  mbut  with  wJilrli  tiia*- 
fiovv  is  siijiplicd  lids,  liefore  itn  eiitniiiee  to  (he  iKtiiediiei,  a  innrk™ 
plnmlxi-f-olvcnt  ]iro[Hrly,  but  Jomw  it  entirely  in  its  pofwap.'  t<»  iIh-iiIv, 
nwin^  III  wnitflot  with  this  stdiKlance.  In  1887,  thv  wnterof  D<»"" 
Vtan  treiited  suceessfnlly  with  catciiini  carljonale.  S^idinm  carb"liitl»  l» 
i'veii  nion-  i-tlirionl  than  the  i-uleinm  '•nil,  but  is  not  always  npial  !■•  llx 
biearlionnte.  At  Kmilen.  in  IX'-H.  titiitincnt  with  tlic  lallcr  yfil*flii> 
«v«fiil  afl*T  the  <iirbonat<-  had  liiiliTl, 

Inasmudi  as  the  infliieuoes'  fur  nml  ajrninst  rorw^inii  arc  ntirnwixi* 
nnd  coiiflietiiiif.  tlie  wirest  niethm!  of  detennining  wlietlicr  a  pwn 
itiiter  will  atlaeic  lend  is  to  iM'ci-Caiii  the  Irutli  by  actual  ex|H-rim«H. 

I{ejra«lloss  of  the  elmraetcr  of  a  water  ilself,  it  may  be  i^id  timl  il* 
action  is  jrrnittT  if  llie  lend  is  in  ■•oiitael  willi  other  nMiiU,  so  tlwl  • 
CJdvaiiic  ouuple  is  formed.  Siicli  may  wciir,  for  instuiM-c,  when  b  ti"" 
lined  lead  ]>i|K'  is  Wnl  so  thnt  the  lininj;  is  fractured.  Then  tbr  two 
metidH  beinjr  in  eontaet  with  wieli  niber  in  ii  more  or  less  Milim-  lii|in*'t 
the  lend,  In-in^  the  more  easily  oxidined,  is  di-solvol.  .Vf^in,  tli--  t' 
liiitu);  niiiv  develop  weak  sfHrts  wliieh  may  iH-nome  corrinli-d,  au"l  *' 
ennn  as  the  lead  casinj;  is  n?ache<1,  gtiU'anic  action  Ixvuncs  e<ljdili!< 
IjCUtl  pijK-  omlniiiinj:  a  small  jiereeiitafn' of  tin  will  yield  more  lr»A 
water  tlian  will  ordinary  Iwid  pi|»e,  e^peiially  if  fre«'  i^irbon  dioxi<le 
presenL 

A  new  lead  surface  will  yield  more  than  an  old  oiir,  us  U  shown  I 
PmfcAHOr  Itlasoo,  who  tbimd  thut  the  snme  water,  Mored  Air  three  a 
a  half  months  in  mnlaet  w  iili  new  and  old  lead,  yielded  58.  K)  nnd  3. 
[wrts  per  I  ,l)(Xl,0O0,  res])eclively. 


ACTION  OF  WATER  OS  LEAD  AND  OTHBS  METALS,       at)9 


Hot  w»t4>r  18  more  corro-iive  than  cold  ;  and  in  tfae  oise  of  either,  the 
Lsolvciii  [KtMiT  i.»  im-nuM*!  by  pi*!wiir>'. 

The  Pi-jsiilt  of  llic  I'oiiliniums  iiij^wiion  of  ininiitf  imiminfc-  of  l«id 
nmy  Ut  >iiV  or  the  procliiclion  of  more  or  lei*  marked  nianifo»uitiiin.H 
I  of  fhronic  l«»ii-[x)i>«oiiiiig.  From  lh«  tiu't  thiit  Uud-pijic  «  in  very 
gi'm-ral  uha  for  homMvinainH  uuci  dit^tributing  pipi'»,  utid  that  chi-onio 
Kwi-pi.iwTiiiij'  i»,  wmijKinitively  K|it«kking,  n  not  very  eommon  inmbk-, 
it  f**ms  reasonable  to  oincludc  tlmt  with  iht-  f;"''>^  niiijoritr  of  jx'ivons 
ihc  iiielal  !.■<  climinutcd  witli  etiitGcieiit  rapidity  to  prevent  aociiniulation 
faii'1  ciimulntive  aetiua,  In  Mitiwi'.4iiiM;tli<,  noIwitkitHiiding  tlic  ciior- 
niouA  use  of  lead  for  serv ice-pi }ieH,  in  but  few  (yimniuniiieFi  has  there 
Ixx'ii  liny  I'onsidcniblc  nnunmt  uf  liiiii-iKiiHonin^  i-cpitrlcd,  hihI  in  uil  lA' 
these  the  water-wnpplv  eonie^  firiiu  driven  well*. 

Oivusidiiully,  fiitiil  W<l-[i()is(>tiin}r  is  Ciiuncil.  In  one  fluch  oti^, 
■  i*pt»ned  by  \,  Schneider,'  the  wiiter  was  verj-  solV  (banlat«M  1.40)  and 
stalni.'d  \\'.)->  inilli^nun  nf  K'jid  piT  Hut.  AtU-r  three  nioutln*  une 
r  tile  water,  a  girl  of  st'ventwn  diwl  with  all  tln^-  flmnictfristiv  sy?D]i- 
[tomi^  of  l«id-poi*niing.  .\nalysiri  of  tin;  i)rgaus  yielded  had  lo  the 
[extent  of  7.0  niilliKnini)^  fn.im  the  a?«opbaBn»,  j^tomui'li,  and  dnodcnuin, 
land  24.7  milli^nania  from  the  kidneys,  livi-r,  and  spleen. 

Action  on  &on. — Qirrosioti  of  iron  \*  fiivur^il  l)y  tht-  presfnci.'  of 

'nitrate^    nitrites,   ammonium  eimi|H>iinds,   minend   and  or);rauic  aeids, 

(■hlorldi-  of  niii^iitvinrn,    oxy^'ii,  ami    carlHHi  dioxido-.      TIk'  latter   w 

especially  active,  as  has  been  shown  by  Professor  Tjetiinann  and  by  R. 

IPctiL     The  latter,'  inve.stigalinjr  the  (<aui<o  of  llii'  dcKtrnctivc  ai.-lion  of 

i  UTiter  rich  in  this  gas  and  poi>r  in  lime,  placeil  a  tvrtain  amount  of  inm 

I  filings  in  «u-h  of  liini-  viw«-ls,  one  of  whii-h  contidnt-d  oi-diniii'y  wali-r, 

I  tJif  set-ond  coutidncd  wakr  throa;;h  which  a  jstrwim  of  airlwn  dioxide 

was  conducted  for  several  ininutea,  anti  the  third  «-as  filled  with  wati-r 

to  which  suRirient  caui^tic  lime  had  Ui-n  nddf<l  to  hind  the  ilLssolve*! 

carbon  dioxide  and  to  give  an  alkaline  reaction  to  phenol  phi  halein.    Alh;r 

a  linic,  till-  iron   to  each  Kpii'imeii  uu's  detennin(.il,  with  the  tollowiug 

In»iill8,  which  prove  tlie  grt?at  influence  of  the  gafi : 


1.  S.lo  milliitniiiiii  per  liter. 

2.  300.tU)  iiiiUftniinii  pr-r  Uur. 

3.  Out)-  irjioB. 


Both  «wt-iron  and  wrought-iron  pij^es  may  !«?  acted  upon  rapidly 
mileas  their  inner  snrCicen  arc  oovorc*!  by  sftnie  pnitifitiv*-  eoaliiifr,  sueh 
ait  a.vphultuni,  aial  even  then  at  the  jointis  where  the  protectinp  surfaee 
is  not  continuous  or  tit^i'omes  iletached,  Sonii'  si irfart'- waters  fiirm  a 
protMlive  Iay<-r  nf  ve^i-tiilili'  matter  on  the  fsurtiiee  of  the  piltc,  and  thii< 
ix  far  more  eflieii'nt  than  artificial  applications,  and  possessciJ  the  addi- 
tional merit  of  imiwtrling  no  unplnMint  taste. 

Action  on  Zinc- — **ri  aeeount  of  the  action  of  water  on  plain  iron 
pi|>es,  pipes  of  jpilvanined  iron,  that  is,  iron  wnted  within  and  without 
vith  mctnlHv  xinc,  liave  bwn   rccommende<i.     Thii«  lining,  however,  i8 

'  OwaixlbHlw-InRviiiciir,  .Murvh  :il,  iaU7. 
'  Comptw  mulu*,  IWin),  |,.  127S. 
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corrwk'd  very  «-u.''ny,  tspemtly  if  the  water  contains  oxygen,  rarbtic 
dioxide,  aitmiunia,  or  iiitrahit,  antl  tlw  wutcr  i^  ramie  millcy  by  ibe 
oxiiic  uikI  mrlHmiiK-  iu  Hi^tjw-iii^ifm. 

Wlu-t.luT  or  iii<i  ilif  leiiHt  (roiii|M)iii]i)n  iK-curriiig  in  watctr  can  1«  [irn- 
ducUvc  of  harm,  h  a  (Hiiiit  on  whidi  iiutlioritit«  dilTer.  But  &I  Uifi  it 
niiiKt  1h!  itiluiittcKl  tluil  llicy  muy  uitii-e  otironic  and  oli?-tiii:itt:  t<<iniiti[ii- 
tion,  m'en  wbcn  ptxwunt  only  in  7>i)mll  nmutiiiti*,  iuhI  lltat  Kinc  ii«  iicta 
riitniitativt-  [idiwHi.  Dr.  Jnhu  C.  Throti'  mentions  a  caw  nt' ob»tiiiBl( 
('(iiisti[uili<>ii  ill  Ik  i-liilil,  line  to  tlic  use  nt'  ili'iiikiii);-w»tvr  ubir.li  (Kuanl 
thi"<)in;h  a  half  mile  of  gah-anize«I  pijic.  Relief  followed  duwoulinii- 
mux  of  tlio  .■•ujiply. 

Gi]nlett<.'  *  hnn  rc-pDrti-d  mi  cxtcuHive  otttbrEsk  of  |x>iMoiiiu^  attnlHil'il 
to  water  st^in-d  in  ^ilvaninnl  inm  tank.i.  Of  ">tj  oon^iimcnt,  43  wiit 
attacked  with  ;pi?tn)-inWMimii  tnHiljIcj",  tbi-  nymptimiis  |iiTMnU«l  ■"■iui,' 
colio,  diarrhita  wiih  c^tn^-oijiient  aoiemia  and  emaciation,  uimI  a  liiiuridit* 
kind  of  dysiiiton-.  ^\imJyaii>  "f  tin-  wiik-r  ivvwiU-d  Uii^-  atnoiuit^ <>f 
xinc. 

AimlvM^  nf  wiiU-r  drawn  from  gnlvatii/cd  |ii|>os  ofU-n  lins  nimli'l 
very  largt-  aiiiount«  of  zinv.  ML'xvre.  J.  A.  tind  E.  W.  VikIcUt' 
recoifl  iin  iiit*-rc.-<tii));  (ii.-c  in  ubicb  tJi<-  liut-wator  |>i]>es  nf  a  li'ni* 
supplied  by  water  pipi-d  a  ludf  niilv  Lbruugli  i^lvaninil  iniu,  ttf 
bloektHl  iinmplctoly  by  n  do{>nsitnf  zinc.  The  water  wa*  rtry  («« 
and  soft,  and  conlaiiicd  but  (i  umin*'  of  total  »oIirU  jht  f>alliiii.  TV 
dc|)wit  (jiiiitiiint-^l  04.32  (ht  ct-nt.  of  Iwisic  curhniiate  and  il.ilt'  I*' 
cent,  of  oxide  of  muc. 

Zinc  is  .-iiiini-tinies  a  normal  conslitueDt  of  water.  Myoliiic '  f'Wf"' 
about  0.5  pniiii  |kt  pdlon  in  the  water  ripply  of  Tntendorf,  lo^ 
Oirl  T.  iMi'irnor  *  has  itiMirtcd  the  proseucc  of  l>.01.>  jiart  of  tin-  ctf 
botiatc  per  1,000,0110  in  the  wiiU-r  of  a  w.'ll  n<fflr  U|wala.  Tin*  "dl. 
which  wati  almiit  fifteen  fwt  dwp,  bad  lict-ii  in  n»*'  lor  nmn-  tbaii  n  y'*r, 
Tlio  wawr  wan  .Mibinttt**l  for  analyi<ir«  solely  on  account  of  ile  prciiliitf 
ttuttc,  and  Iwyond  the  fact  llint  it  yieldiil  zinc,  tlie  i*o«r«-  of  viiA. 
could  not  1h-  d(-HTmin<-d,  the  if-wdtti  of  ihc  analyi'tfs  wew'  vm  &vM^ 
Bbk'.  No  iinptcHfiiiii  cIlLrtJ*  bad  been  noted  amon^  tbiHi-  wlic  Uf**' 
the  water.  Two  sprini;!-  in  Miw*oTiri,  according  to  Hitlcbniiid.'  vi'M 
much  lurgrr  ■unounts.  In  botb,  the  xinc  exitits  in  the  form  of  aw*| 
phate.  The  yield  amounl«  to  120.5  Hn<l  132.4  [<ark>  |ier  1,U0,0l«>i 
iVdjHHdively. 

Action  OQ  Tin. — It  m  sii|ipuHcd  rtimmonly  that  tin  in  nnaflVv 
by  water,  but  such  is   far   from   l>i'in(i  th<-  ca«e.     Tin  is  attaiknl  '* 
wutcr  lo  a  eonwleniblc  extent.  aUlioii);])  not  mi  readily  as  tin-  oi 
metals  mentioned;  but  the  conijuiunds  fonnt^  nrv,  m>  fitrii»  we  km^' 
inc»[)able  of  ciin»in);  the  -■<li^hl<.'»t  injury  to  tlie  iiy.steta,  and  tbU 

'  WnK'p  null  WiiijT  Sin.|il!c-,  I.rinilcin.  1886. 
■  Briliali  MLttirnl  J>>rin>iil.  Si-|>t.  T,  1901. 
'The  Analv-t,  July,  ISVI'.. 

*  11)iiti>in.  iV.,  |i,  -'X. 

*  l*lMi1n  Luknrfrurrniric  t'c>rliiiDiUinKar,  18B8,  VoL  QL 

*  United  Stale*  IJcolpKioil  i^rK.v,  ttiillclin  Not  13. 
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^^?«mniended  highly  a?  a  lining  for  ir»n  |»ipw.     lis  «*!  alone  pn?- 
Ivctit.i  it  tVoiii  ;tii|ipliuitirig  li'iul  fur  tioiiKc-iiiuiiis  lUii!  tlintribuliiig  [ii|H-.'<. 


I 

^  mi 


Water  and  Disease. 

The  use  of  impure  wau-r  for  ilrinkiiig  and  other  ^omwtic  piiqKises 
iiHiv  Ih-  u  dirt-ct  «iii»c  i>f  iliBCitw,  Htiil  tuicb  wiitcr  h  yiipixim^'il  iiij«i  to 
Bt't  UJ10I1  the  -ysteni  in  such  a  way  as  to  lower  the  reaiaiance  of  the 
bixly  hi  thif  action  of  infiHrlioiiii  iiiattcn';  hnt  it  :<hoiihl  he  borne  in 
mind  that  the  nature  of  tlie  polluting  niat«rial  is  of  far  grt-iiler  iniiMT- 
tnncc  than  it^  mii-L'  amount.  To  niaiiidiin  tliiit  wntei'  eontiiiniii^'  any 
«>n''iilfnili!e  aiuonnt  (>f  organic  niatler,  reg-.mlk'jw  of  itt«  characlri'  and 
Bmirce,  will  (end  hievitahly  lo  jn-iKhiee  a  general  innwirnient  of  heahh, 
tlie  jrn'iit  an  error  a*  tu  underrate  the  danper  pinsfiiijle  to  ariw  fitiui  a 
1  amonnt  of  -ipecilic  mntaniination.  It  i.-  (|nite  as  improhahle,  fop 
itHtauei-,  that  the  amount  of  dis'solvefi  vefri'tahh"  matler  n(HT.'«--«irv  to 
yield  albnininoid  anuitonia  in  what  may  lie  designated  "considerable" 
amount  enn  do  any  pi\iit  injury,  even  when  eunstuntly  iii^rivf^tl,  iis  that 
an  infucion  of  tea.  which,  by  the  same  process  of  atialysii",  wowld  yield 
resultrt  which  would  !«■  Klai-tiln^  in  eoin|NiriHon,  enuld  of  it>«-lf  wmdiiee 
til  rhe  development  of  an  infectious  disease. 

.Vlarmists  may  n-jeet  ai*  uni^iiitable  for  household  pur|HiseM  a  water 
C(tnlainin<;  an  amount  of  vegetable  matter  sntlieiout  to  (jive  a  yelhiw- 
brown  color,  and  aeivpt  aK  sutfieiently  pure  another  eontainiug  lestt 
orminie  matter  and  less  ndnenil  matter,  but  with  it  the  miero-ot'gaui>^m!; 
of  infectious  diseast^.  Tliey  go  to  the  exlrcrme  of  saying  that  organio 
matter  in  sohition  mimt-*  lower  the  (one,"  and  shunid,  thiiffbre-,  bo 
avoided,  and  if  asked  why  this  is  so,  fall  back  on  "general  principles" 
Ami  "comniiin  scn^e,"  iijmiii  which  !»y  much  illogieai.  nnexplainable 
theory  is  based.  As  a  niatlcr  of  fact,  we  kiiosv  that  water  «hich  is  in 
a  iicuse  impinv,  hui  n(>l  s[Hi'ilieallv  polluliil,  may  Im-  ii-^.tl  year  in  and 
year  out  without  injury.  Wc  know,  farther,  that  water  containing 
much  less  oi^ianic  matter,  imt  infecteil  with  bacteria  of  wrtain  kind*,  i* 
likely  to  cause  disease  in  at  least  a  pro])ortirm  oi'  lliose  who  use  It  once, 
owasionally,  or  habitually.  Wo  know  also  that  a  water  onee  .■.iKvifie- 
ally  iHiIluto)  may,  under  similar  eoiidiliomt,  be  ]x>lluletl  uguin,  and  in 
the  interval  may  be  of  gootl  quality. 

We  know  that  wute.r  eonlaining  large  ainountK  of  dii^»olve<l  vrge- 
tubte  matter  in  priKVss  of  decou)|Kisitioii  or  of  a  definitely  poi>.onou8 
character  may  produce  distnrhaneiw  of  n  very  serinns  nalurc  ;  ihat  an 
ahtindiHK-e  of  mimite  water  plants,  as  algie,  and  animal  orjiani^ni'?,  us 
infusoria,  may  pi-othiet-  ill  eft'ecLs;  thai  di-eomjiosing  animal   matters 

mcliTiiw  yield  toxic  subutanece  of  great  iM)tency,  and  that  cxee»wivc 
mineral  matter  in  Hns])i:nflion  or  solution  is  not  vriUiout  its  deleterious 
elTeeis. 

Thei-efore,  it  mnv  he  laid  doivn  as  a  general  rule,  regardless  of  the 
&ct  tliat  all  impnritie.-*  do  not  neccssai-ily  hri^tll  disease  or  undermine 
the  health,  that  all   water  containing  or  likely  to  contain  domestic 
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tin«'n{ix>,  n1)iiiuhnt  firowtli."  of  nimtite  vcf^talilc  and  animal  or^raniinn!), 
(IwoiiifMw-iiiK  iiiiitttT  of  animal  origin,  diwdlvwl  Vfjjn«t»li'  in»tU-r  i>!'  hh 
inlwiviilly  t<i\ic  natiiiv  or  umlir^oinp  di«oinpri»<itiun,  or  ei:«*?iv« 
iiiuoiiiiIt'  of  uiiiivnil  niutt<^r,  should  not  Ix*  iiocqUcd  lis  6t  for  liumnii 
oiUKuiiiptJon.  Ebpecklly  should  we  bear  in  mitid  that  polluted  woivr 
wliHrli  is  ijiiit<!  fttf  from  <lisoiwe  ur^ni»nii^  und  toxk'  iiiatu>n  IiMitif 
may  oontiiin  tlieni  in  ultiindamv-  to-morrow. 

Disorders  Oonnected  with  Mineral  Matter. — 1 1  in  tiotioni  vrn' 
(iintinoiily  tiiiil  wlieu  out'  cbangta  sudduiiiy  from  the  uw  of  ii  wift 
water  to  anolln-r  that  tn  tjuitc  hnrd,  tlu-n^  followii  a  tctniioniry  di^tlIlil• 
ancL'  of  tlic  fiUKtioim  of  the  digcstivt  apjuinttuns  Tlie  nioel  uiiirlid 
effect  is  usually  i-on.-tipution  willi  ofm!*ioniil  diiirrhoui.  Ijow  of  a|ii"- 
tilc  and  clifflit  iiiuiMui  «re  not  iiDoonimon.  Tin-  elfw-tj*  iin-  diif  In  tii'' 
influence  ol'  the  salta  causing  iHtnimiicnt  hardnia^i.  (,'liiingt  finm  \ian\ 
to  wrfl  water  \»  t|uit«  int  Itki-ly  to  uuiev  miiuKvUHlomed  IwwrneiO  of  l^ 
bowels  from  the  witlidrnwiil  of  thU  inHuence  on  the  iutetitinat  mco- 
tioiiH.  Jut<i  hiiw  mui'li  of  iiiiy  uiw  of  tlicxc  MdtK  may  Ix'  mikI  ti>  bc^"- 
linocly  injurious  to  hialth  ie  a  matter  of  doubt,  but  oomnmnly  frcni  If 
to  15  inirte  in  1(HI,(MJI)  of  w«li.'r  an-  n^r(li'<]  as  Hiiiiesimblr.  Itln* 
Iwcn  awcrtt-^l  tlint  the  u»l'  of  liard  water  is  one  of  tlio  chief  «itii««  of 
Ptonv  in  the  bladder,  but  such  ii  cnnat-ction  is  extremely  iin]>r'>linl>lr. 
]Jow  the  iiiH'  of  iiirbiinatc  and  sulphate  of  ntleium  cnn  brini;  ihniil  i 
(Icpowit  of  uric  acid,  or  of  oxalate  of  calcium,  or  of  phtM^pliatcx  in  'li'' 
bladder,  ean  banlly  \k  rxpliiiniil.  The  tiiet  nbto  thai  stone  isMftj 
vommou  in  some  districts  where  water  is  soft,  and  rare  in  wmMt  fAm 
wtitro  it  is  haiti,  sugp'vtA  that  the  imisc  is  to  lie  tookt-d  for  ratliW"' 
the  imlivtdunl  biinM'If — his  foutl,  his  metabolism,  his  habits  of  B^t 
ami,  ]«erhnpi<,  hercditan.-  predisposition. 

8ii(i|H-iidcd  ininenil  niutlcr,  a»  clay  and  marl,  will  otl«n  cauiie  Aiif 
rbfpa  in  persons  not  habituated  to  its  ingestion,  and  not  infiwpicHllyiii 
tfaoM  who  are. 

The  diseaHe  most  commonly  coimeeted  with  mineral  matters  in  wil«r 
is  goitiv.  That.  lUi*  disease  may  I>e  prochu*d  by  drinking-water, «" 
hardly  be  doubtcti,  for  it  is  a  wcll-kuown  fact  that  in  Swii/erland.w 
France,  for  instanw-,  tlicrc  are  wells  which  yield  waters  wliieli  an-  osol 
HUC!Cct<sAdly  (or  (he  intentional  pro4lneli<m  of  the  <liHease,  with  the  vii* 
to  escape  compulcory  railitarv  service.  The  enlargement  is  nut  ww*" 
Nirily  a  permanent  disfifrnrvnicnt ;  <Iisuse  of  the  wuIit  may  Im-  follonrJ 
by  <lii>a]>pciirance  of  the  swelling,  but  of^eutinics  tlw  iIimusc  thus  iatfO' 
tionalty  actjuired  p<-n*ists. 

Tlic  exciting  cause  ha«  W-cn  attributed  to  the  preMitco  or  abifcno** 
certain  minend  substances,  but  the  wi<]c  varii-ly  of  tlie  eupjwaed  np** 
is,  of  it-'df,  ftroMK  cviilcmv  nf  the  jjixir  foundation  U|m«  which  ll* 
mineral  matter  theory  ivsts.  It  is  ni)tic*-d,  for  instance,  lliat  in  m''" 
disiriets  where  ihe  di^m.-i-  i.-.  <-s]n-i-iiilly  prevalent,  tin-  stwl  is  lai^ 
ma^esiun  timci<itone,  and  tlint,  as  might  be  enpfxxsed,  tlie  grouud-wut 
ia  rich  in  lime  und  mague^iiun  suit.-*,  Tlien-fonr,  it  i;<  ix^isma-d,  nm^ 
■ictiian  Hme^luuc  must  be  the  uuui<4> ;  but  there  are  many  such  distrirf 
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whore  gmtre  »  nnknnwn.  Afnn*  than  ihiit,  thr  (li)(ca.«<>  U  fndoinic  in 
eoDiP  4]uurt«nt  whrro  the  water  is  Hiiii  aiul  atmmt  t're«  fruni  lime-  aiul 
iimpif^imii  sails.  Again,  it  ha.*  iHi-n  attnhiiutl  l<>  ilu*  jn\«i-nw  ■■I'wi^ 
tail]  Silt*  of  iniri,  but  thi"  thi-ori'  aUo  cutmut  btar  the  Ifst,  (or  thiw 
maj'  be  present  where  no  goitre  is  seen,  and  may  be  aliwjit  where  the 
(]i]<<n»f  ppcvTiiii*,  Abwiiw  of  iodine  i.*  uiii^tlRT  c^pluiintiou  Ihl^oI  on 
nothing  worthy  of  cri'deiioe. 

The  most  |iiiib:ibli'  i'im*e  is  ninv  Ik'Hovm!  bv  wiino  to  be  tin  oi^iiiUiit 
which  flourishes  in  the  water.  Tlie  fir*t  (o  ]iron]u1ga(e  this  theory 
were  Italian  observei-s,  who,  in  1890,  rep^rlrtl  Itiettt  of  iiiurroHt  biiiring 
on  the  q»esti<)n,  sintx-  which  lime,  other  observer!*,  iiartieiilarly  in  Itidia, 
have  contriliuted  farther  eviilena^  of  itn  probable  truth. 

The  mu"!  strikiiii;  fnets  have  Iki'u  |in«eii|i.-(!    by  811  tTifm- Lieu teniint 

J  £.  E.  Walters,'  whose  olMervations  wore  pursued  in  a  tlistrict  in  India 

8,000  feet  above  Bca-levcl,  with  cxtreiuely  ]H>rou«  soil  anil  a  water  muii- 

Ely  cotitaiuing  hut  slij^ht  amounts  of  or^nic  and  mineral  matter,  and 
lit  minute  IriK'in  of  iron.  The  inhiibilntits  who  liv^  inuler  the  Mime 
climutic  CTjnditions.  but  with  different  oci'upiitionp,  may  be  divided 
into  two  classes :  the  iintivi-  ItiiulliLH  and  the  Sc^jniy  troo[is  fniin  the 
Rorthwmt  provinces.  The  former  are  carriers  and  coolie« ;  they  are 
[omnivorous,  but,  by  reason  <A'  jmverty,  mostly  \ejfetariaiit*.  Their 
" dliuf  discaKot  are  piitre,  syphilis,  ami  ni.tlarin.  The  teniiHirsiry  iaiiiib- 
itnnta,  the  Wepoys,  an^  all  Vfj:etari;in-S  and  are  a  healthy  lot,  prsictically 
frw  f rotn  jsyphdin,  and  li\iiig  wilder exwlletit  hygieiiie  eon<iitious.  They 
had  been  in  the  distriet  twenty  mnntki.  Kxamination  of  16!)  BiuiiiiM 
iiIkiwmI  that  more  than  "'1  per  eeiit.  bail  ^futre ;  nearly  70  jjer  eent.  of 
tho-c  over  twelve  years  of  age  were  afflicted.  Of  .'ISO  Sepoy;^  examined, 
54  per  cent,  bud  Koitn-.  Tlie  Hhntiiis  wiv  tjuit  tlwir  giatrw  inerea«e 
during  the  rjuiiy  season,  and  thi^  }n  borne  out  by  the  out-patient  rcyiister 
atitl  rt^nienlal  admUsioii  book  for  IHil-i.  All  the  BriliKli  nfliiiTH,  too, 
had  suffertHl  from  enlargi'd  thyroids  during  the  prewdiui;  i-.iiiiy  setison. 
Their  drinking-water  wa.-  jKuwiyl  tlirou^fh  a  l'iL«teur  filler;  .-ill  oilier 
water  ii»e>l  was  taken  as  tea  or  soda.  Taking  up  the  wveral  conditions 
which  have  been  alleged  m^  thi-  eiiu*i>  of  ilie  proees»,  he  shows  them 
to  ba  not  at  fault  it)  this  purtieular  di«trivt.  Iron  win;  pn'r^.■tlt  in  the 
water  in  only  minute  quantities,  and  tlie  highest  degree  of  permanent 
I  hardiii's.-.  was  but  -l..^.  .\s  to  lime  ti«  a  eaiise,  it  apiKiirs  (bat  manv  of 
^K  the  IthiitiaK  without  goitres  are  great  eaters  of  lime,  while  of  the  Se[H>ys, 
^■who  never  touch  it,  more  ihnii  oO  ^Hr  eent.  devekiiK^I  goitres  within 
^B  twonly  nionlh»  after  arrival.  The  theoiy  that  the  diseiL<=e  if  due  to 
^Hoarrying  heavy  loaiis  up  ami  down  hills,  might  salisfv  in  tlie  ease  of 
^Fthe  Blintia*,  but  not  in  that  of  the  Si'|Hiy((.  who,  though  not  earriens 
yet  have  goitre.  Farther,  as  to  age,  it  ap)H\irs  that  .'».">  jier  rent,  of 
the  children  under  twelve  liad  no  goitnrs  afh-r  living  there  all  Uieir 
[Jives,  or  alwHit  tlie  trame  jiercentage  as  developed  them  among  the  Sejx>vs 
[after  a  visit  of  only  twenty  mouths.  He  Ix'lieves  the  disease  to  Ite  dim 
I  to  an  OTganiMU  of  the  anueba  ty|>P,  with  a  f;eteetive  power  against  tlie 
'  Briliftk  Mnlind  Jouniiit.  ,S(-i>t«uil<«r  11,  1897. 


li 

I 
I 


374 


WATE6. 


thynnd  nr  its  eecrotion.  For  il  time  H\v  .lyatem  opp06««  it,  ami  midk'- 
tinies  MicouMti'iilly ;  but  vi\wn  tin-  coiiw  ovi'P[K)WTn«  tin-  )>h!ip»c)tio 
reM)iirc«H  uf  llic  system,  thv  tliyniiil  eitliiiyie''  in  tlio  ctfuri  t"  ■'•milnii 
IIk-  [H>i.KOi).  Uiiilcr  tliymiil  ft'ttliii):  (Iwk  ri-^niiii  iKliluiil."  lUily)  thr 
ixourtlK  tiliow  II  wcL-kly  diniiniitiini  of  u  ([uurtur  tu  luilf  uii  inch  iu  tbv 
circuiuJeiviu*-  nl"  the  iS-iM)yB'  iiLirki*,  but  »vbcn  tlii>  tixutiticiit  wiw~. 
l)u-  ^liiiii)  u(^iii  illcml;^o  ill  sixf.  Tliiit  i>^  to  •ay,  iidditioniil  n«i>«lliii; 
p'lwer  iji  confcrnil  by  thyroid  tnbloids,  whirti  k*?«']i  tin-  ihiihiii  in  clu'li 
itiid  iilhiw  tlu'  frbiiid  in  urnvor  il«  iiiinnal  si«- ;  but  on  witlidrnuiji^ 
tlie  iiwu'sjiiin'  iip-'iil,  thert'  Im  dimiuished  rcsistanoe  and  tljcti  iigain  u\ 
iiirmi^'v  ill  siw. 

Disorders  Coonected  with  Or^nic  PoUutioD. — Onlimiv  vi^ 
table  iimrtiT  in  ^ii.->|>( -union  itiul  ijliiimbiit  ^nmlhi' nf  nl^^r  niul  nlbiT 
wiitcr  |>hiiitri  f^iimctimcf  hiukc  diari'hatil  ti-<>nblcs,  but,  60  (iir  v-  i^ 
known,  <hi  iiol  ruiinc  wjMi'ilic  difH-art-.  I'<«Iy  miitlris  in  wiliilioii  hnvt 
now  iiikI  ihtn  ii]>|M'i)R-(l  to  bt-  ouiiii(i.i4Kl  with  intcvtiiiul  di.-rBtt)v'ni''iiU 
but  wc  bavi-  no  nbsuhitc  kiinwlfd(fe  thiit  Ihoy  artiially  havel»w;ii  oran 
bf  11  «iiiK'  ol'  ;iii<-li  Itiiiibh'. 

\V>'  know  only  tw  o  iliM>aeeH  which  we  amy  ^y  nitb  nTtainty  vnn  b( 
(wrirti  by  wittvr,  jind  ihvv  inv  otiolcni  iiiw]  ty]>boi(I  fowr;  but  il  isf«a 
ooniuiunly  that  wntti*  \n  a  jiifnt  tiidor  in  (he  epreud  of  dijJiilirnt. 
yeUow  fever,  ninlni-iit,  mid  tiyscnt^TV.  In  the  cnee  of  dijihtheria,  ibf 
wrif;hl  of  rvideiiw  Is  wrtainly  iiffiiinift  it>  iM-tn)'  u  vfalcr-ljorin-  dL'ww- 
There  is  snme  evidence  nf  i(^  iiprend  through  the  ii.*e  of  a  cijuniutii' 
wiiter  Hupply,  bill  in  tbiw  «im»  then-  is  iiMiiilly  n  ivtinnioii  tiriukinp 
vcspx-I,  niul  jiroltjibly  a  prefxistinp  cii«e  of  the  dtiHsise  anion];  llic  ilriak- 
crK.  The  (liphtheriii  oi'^ini>iii  cuniiot  long  survive  in  wntvr  whl(4  * 
not  very  exteimively  iM>llute(), 

.\*  to  yeUiiw  ffver,  the  (M>nneetion  la  only  Mis|ieet«I ;  there  i*  *' 
evidence  whatever. 

Ontbnnk.'i  of  tlywnl^ri'  have  oo^uri-etl  wtiieh  seemed  to  be  diir  I* 
the  n^e  of  water  contiuninatcil  with  liwiil  imittef ;  bnt  llioii^h  it  in«*. 
p(^rhap!<,  lie  an  oerasional  enilrie,  it  ccrtjiilily  is  uot  ii  eoiumoii  out-. 

There  is   plenty  of  I'vidi'nii-,  Mieh   n-<   it    \n,  thiil  wilier  fiimi  fertw"* 
manges  may   caiiw  oiitbreakB  i>f  tttver  of  a   niaturlal   elinnictei-,  t>i« 
among  the  stron^^st  ms<-.*  are  those  in  whicJi  birjro  ninnlx-iN  of  iK'nma 
a"  Molilicrf,  huvc  been  ticized  at  about  the  «atne  lini<-  alU-r  luiii^  a  wat^ 
of  this  p.ni-t.     But  it  nhoiiM  not  In-  supposed  that  all  m»n-h  water  ** 
produce  fever,  nor  that  all  water  frmu  a  inahiria!  <li>tr!el  will  do  m>,  t' 
many  eommuniiies  iiHe  iiiarsb  water  with   no  harniful   rei^nlt,  and  ti 
viiti>r  of  fl  ninluri:il  country  may  Ih-  used  with  ini|mnity  .■xmie  dislat 
auTiy  as  a  public  Mipply.     Such,  for  instance,  i«  iW  ca»ie  with  |art  *■ 
the  supply  of  Rome.     One  of  the  stnunfiwi  chms  ^howiii};  jKisnibh 
pn)liiitile  connection  U-twccn  i\-ntcr  and  niiiUiria  i*  pe|>ort*-d  by  Lsivem 
aiMl  it   ohowe  aW  tlie  aeliou  of  the  Moniach  at  ret4  and  at  work, 
detaehnient  of  sohlicrs  drank  at  »  eeriniii  well,  ami  then   enjoyed 
licai'ty  mead  ;  nnother  ilctachinent  ate  firat,  and  later  ilrsiik    from  i 
satue  well.     Of  the  former,  all  he«unie  »<iek  w  itii  lualHria  ;  of  i)m*  lal 
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not  oae  was  afFiTtrd.  Tlie  diffprence  in  the  resiilu  was  thought  to  he 
A»e  to  lh«  (tKl  llmt  iIkwi-  wh/i  vwjijhs!  tuok  no  water  until  tlic  Kiistrio 
juice  was  6«'n?ti?<J  in  the  iinwoss  uf  cli^i?toti<in-  Quite  a  nuniher  of 
cjws  arc  rt't'oiiliil  in  whidi  iiu-ii  mi  nht|ilKmnl  hiivi-  nw-d  th<?  wiilcr  of 
certain  ui^lu  wliich  others  huil  <lc(.:liuiHl,  iho  Ibraier  becoming  sick  nitb 
malaria,  and  the  lattor  <^rtca]>in^. 

Tbcrt-  is  evidence  thiil  wHaiii  unimiil  thiwofvs  may  be  spread  by 
watt-T  c«ntaiiiing  the  h-|M?ratic:  orjranism.  IIo^  eholci-a  mid  antlirax 
have  rcrtaitily  Ixvri  Npreiul  liv  wiitcr  iiihi  wliicli  the  iHnhc.-;  of  those  that 
had  died  of  thow  diseases  hiid  bceci  tlu'own,  and  glanders  mav  he 
(timuul  troni  hoi'si:  In  horxt-  hy  the  ii.-w  of  a  (-oininoii  <lriiikiiig  trtnigh. 

The  diseiibOH  of  greatest  interest  iii  eonneetion  with  drinking-water 
aro  the  two  whieh  we  know  ran  he  njiicad  liy  ird'e<reil  waler — eliolijra 
and  typhoid  fever.  The  tirst-ment toned  luip])en!-.  with  xif,  to  be  one  of 
minor  !ut«-n^*t,  inaBmneh  as  it  Lh  a  luosl  iineominon  vinitor;  the  other, 
liowever,  i»  idways  witli  ii.<,  and  we  liiive,  therefore,  eoni^iimt  oppor- 
tiinity  for  observation  of  the  infliienoe  of  polluted  water  in  its  eau^a- 
ti:>ii. 

The  strongent  proof  of  tlie  vahie  and  effieiency  of  the  piirificjition  of 
waler  by  tillnition  thmngh  Kind  !.■■  tlie  drop  wliich  octnin^  in  the  mor- 
lidity  from  typhoid  fever  when  a  eommHnit>-  abandons  ihe  nse  of  un- 
treatM  jMdhiltHl  wiiler,  an<)  adopts  this  methrxl  uf  iinprovrnfj  tho  quality 
widi'iut  clmn^ng  the  nourw  of  tiiipply.  Tlie  eily  of  l./:iwrenee,  MaitA- 
achiiitetL*,  for  exiunple,  prior  t^^  an<l  iiichidiug  pint  of  ihv  yi«r  1893, 
used  the  iintiltered  water  of  the  Slerriinac  River,  into  which  is  ponriHl 
the  svwagc  of  a  ciiwiwiiion  of  larj^i-  eities"  and  towns  having  an  aggrx.'- 
gate  population  of  several  hundred  thonwiuds.  In  the  year  mentioned, 
llie  piiNM-ss  of  liltmtion  was  mioptwi,  and  good  nwidtn  wi-re  ahtmnt 
immediately  evident.  Following  are  the  deatb-nitesi  from  typhoid  fever 
|»CT  10,000  of  [topniation  for  the  four  years  immediateJy  preceding  and 
for  the  sunie  pLTiinl  folluwing  the  change  : 


FTMwdltig  ohuigf. 


Y«Ar  uf  efaiifige- 


1889- 

.iS.7 

1«W.  . 

.8.0 

m» . 

.4.7 

18«0 

.13.4 

nm 

3.1 

n9\ 

11.9 

um . 

.  i.<i 

nm 

10.0 

war 

■  1.6 

h'olIoirlaD  ofuDifc. 


It  is  but  fair  to  add  that  abont  balf  the  dwitlw  from  thp  dioeane  in 
1894  and  M^^n  were  of  ]wrHona  who  persisted  in  drinkiug  untiltered 
water  dir'ei-llv  from  the  t^nali!^ 

The  eity  of  Hanibni^  adopted  tiltration  in  May,  18fl.1,  after  a  mu^t 
devasUiting  epiilernie  <'!'  ehciUni  in  the  pivi-wHug  ytar.  Typhoid  fever 
had  always  ehiinud  a  ver;-  large  nnmlu-r  of  victims  annually,  and  dur- 
ing the  fbnr  veiii-s  18!t()-18B."{,  ihe  detith-mte  from  the  disease  was  2.6 
IXT  10.000  ;'hnt  in  die  next  two  (18tt4~|8!).i),  It  fell  to  0.75. 

Comparison  of  typhoid  tknth-ratRi  of  cities  using  polluted  waters 
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ith  those  of  otiici 


WTitcn«  u  moM  COUV1 

K-  di«istrmis  nviilu  of  ii«^~ 


ii?iiiif;  piirv  or  jmrilict] 
Ijotli  of  llif  ffticiency  of  Hltnition  ninl  nf  ll 

leoliiig  lo  iit'iitiW.  t)i(-  piililic  friiMi  iIk*  iIiiii)^ti>  <if  im|>iirf  Mipplier. 
From  iiiiiuiij;  liiiyt-  cities  luiviiij;  a  iM>i»ul:ilioii  of  Wtwceu  1  ,<.R)0,0()0  ami 
2,0tJU,OU(l,  Cbidijio  and  H(-rlin  mnv  U'  wlortiil  ior  C(ini[iari.s<>n.  Tins* 
two  cit.kvt  liiivo  alKitit  tliv  wmt-  nutiilxr  uf  inliabitnotii.  Ctucu^  takm 
it*  wiiter  from  Lake  Micliig;>ii,  into  whii-h  vast  volumes  of  sewage  tav 
poiirwl  til  viirioiiK  |ioiiil>,  niiil  uses  it  without  purilicntioD.  Bvriin  U 
Duppiicfl  by  t\vi>  lakei',  Tegel  and  Miij^'jtel,  whicb  iiro  pnitected  iis  far  a* 
potctible  from  i»ollution,  but,  ruivcrthekw,  ever}-  pilloii  ujwl  \*  (\\wtvi\. 
Duiing  tbe  years  lxyO-1894,  the  death-ratfs  from  this  one  difits^ 
avoragi'd  84  [ht  100,000  al  Clilcairo,  iind  but  >(,  or  ln«  llniii  om-lwidi 
iw  lii};1i.  !il  Ikrliii.  lkt\vc>L>u  1889  an<l  X^^'A,  Chicago  euRerod  uausu- 
ally  from  typbnid,  and  in   \K\\,  the  typhoid  morliitity  ixiu'lied  159.7 

tmr  100,000.  At  thi«  time,  the  intake  was  situated  but  n  few  huudml 
eet  from  the  shore,  and,  in  »'onscr|UC'iioe  of  the  nt\ngi'3  of  tlie  iltTtoisc,  a 
tiiniicl  WI1.4  btiilt,  extemlinj;  the  intake  four  milei^  into  the  lake.  The 
r(*uit  of  this  extension  wa-«  an  inimediate  tnarki-d  lull  in  the  Diuuber 
of  CiLsett,  but  notliio)^  coinpHnibli-  to  what  ni]|;bt  reamnably  be  rxpoctvd 
Iiad  tbe  water  been  subjeeted  to  tiltration. 

During  the  twelve  monlhM  entkti  Man'h  31,  1891,  tli«  cities  of 
Ijiwrenee  and  L<jwcll,  with  a  eombined  po|iulHtion  of  123/'00  people, 
using  poIbit<-d  riv^^r-water,  ni^ordwl  228  draiti^  fiimi  typhoid  fevi-r; 
while  Bo»ti)U,  with  about  four  time)-  that  numWi-  of  iuliabilutit'«,  lining 
well-protoclwi  but  unfilt^-red  jiurfnce-wntvr,  bad  but  loi'denth."  from 
the  same  tlisMise. 

The  reeeiil  ex jM>rifnw  of  Pbilmlelpbia  furniNhc»  n  inn.-t  inMmetive 
ex:iinple  of  tlie  dangei-  of  usiiij;  jKtlhitctl  water.  IXiririg  tlie  fir>t  f\x 
months  of  the  year  1899,  in  a  popubition  of  ovw  a  million,  7,0;18  oLics 
of  typhtrid  fever,  with  800  ileatlif,  were  nvorded.  During  tin;  Unit  Gve 
weeks  of  1902,  nlO  cases  occurred,  with  49  deaths. 

Typhoid  Infection  of  Water  SnppUes. — Typhoid  infwiifni  of  a 
water  yiipjily  ni!iv  lie  direct  or  indii'ecl,  I  'irei't  infection  occurs  tbrougb 
the  eiitniiiee  of  onliiuiry  sc-wagc  containing  the  t-iuenttal  organism,  nr 
of  fnves  or  urine  dii^hiargeil  along  the  Wnks  of  a  river  or  bike,  for 
exanijile,  by  j>ersons  rinfi'ering  with  m-  i'i>nvale--wfnt  from  the  di.-eas«. 
Indirect  infe<ti(in  oecur*  from  diwbarge?^  de|)OFile<l  in  or  n|H>n  the  *oil, 
nn<)  thence  wasbe<l  by  rain  into  JHxliF-i  of  water  or  downwaitl  iuto  wells. 
Onlinury  wwng^^'  [xillutiiin  is  not  sullicient  to  bring  about  an  ouibnnk 
of  the  (license,  nor  will  specific  pollution  nee(>i«3nly  alunys  be  followed 
In-  iIk'  oeoiirreDee  of  ca.-xw.  The  i<|Hviti<-  orguniHin  \mn  only  a  liuiiled 
tenure  of  life,  and,  in  the  alx^nce  of  eoiHlitiom'  favorable  to  it*  exi«t- 
enw,  it  may  perish  before  it  ii.«ehc-^  the  eoni-iimer.  Moreover,  the 
number  pre^nt  nuiy  be  very  i^niall  and  the  effects  prwlueed  i«o  slight 
as  to  occasion  little  iiotice.  It  is  to  \tc  borne  iu  mind  that  not  e\"crj* 
mouthful  of  n  |iollut»l  iiupply  ctintiiiiis  the  orgnnisin,  uml  that  tiot 
evetj'  |K'rM>n  to  whos«  system  it  gains  access  must  tKoetfeurily  coioe 
down  with  the  disease. 


I 


I 


I 


WATER  AND  DISEASE.  377 

Until  qaite  recently,  it  ho.-*  been  Hupposed  that  the  infecting  organ- 
isma  bad  their  urigia  only  in  tlic  fieces  of  preexisting  amrn ;  but  it  is 
now  knowu  tliat  this  is  far  from  being  t)ie  caise,  and  that  they  exist  in 
Ak  ffecal  diacharges  during  only  the  early  Htagen  of  tlie  diseuKc,  or  »)> 
to  tbe  twentieth  day  or,  perhaps,  even  HOinewhat  later,  Petrusohky  ' 
las  shown  that  the  urine  may  contain  niillions  of  living  bntnlli  in  each 
tubic  centimeter,  and  that  they  may  be  found  for  many  weeks,  and  even 
ifter  con\'aIe3cenct!  is  well  eatubtiHhed.  They  may  appear  as  early  a.-* 
tbe  fif^nth  day,  when,  perhajM,  they  are  no  longer  denionstnible  tn  the 
(kxb.  Dr.  Mark  W.  Kichardaon'  found  them  in  very  lar^  numbers 
iDd  in  practically  pure  culture  in  tbe  urine  of  nine  out  of  thirty-eight 
patients.  They  apj)ea red  late  in  tbccounseof  thediseaise,  and  continued 
to  be  eliminated  in  several  of  the  caites  after  discharge  from  the  hos- 
pital. These  observations  of  Petruschky  and  Richardson  have  been 
tonfimied  by  other  bacteriolt^sts.  It  appears,  then,  that  an  apparently 
tdl  per-ton  is  capable  of  intectiog  a  water  supply  to  a  greater  extent 
ud  with  less  optical  evidence,  or  none  at  all,  by  n  discbai^  of  urine 
into  a  wat«r  course  than  an  evidently  sick  one  by  a  deposit  of  his  fseces 
oto  it  or  upon  its  banks. 

Whatever  the  mode  of  infection  of  a  public  water  Rupply,  the  results, 
if  aoy,  are  seen  in  an  increase  in  the  number  of  cases  onliuarily  occur- 
ring in  the  community  supplied,  and,  except  in  tha-«;  instances  where 
tbe  disease  is  spreadby  infected  shellfish  or  otiierfoods,  any  considerable 
augmentation  nf  cases  points  unmistakably  to  the  consumption  of  pol- 
luted water,  even  though  the  system  of  titration  is  followed.     In  the 
Utter  instance,  investigation  almost  ceitainly  will  show  some  defect  in 
tbe  RIters,  or  that  their  cngiacity  has  l>cen  overtaxed.     Even  after  sub- 
sidence of  the  outbreak,  the  disease  may  continue  to  be  more  prevalent 
than  usual  for  some  little  time,  especially  in  the  absence  of  a  proper 
sy.-rtem  of  sewerage, 

luflneoce  of  Introdaction  of  Public  Water  Supplies  on  Typhoid 

SfttOB. — Contrary  to  what  might  lie  expected,  the  highest  death-rates 

from  typhoid  fever  in  thickly  settled  countries  are,  generally  sjKtiking, 

tiot  in  the  crowded  cities,  but  in  the  towns  which  have  no  public  water 

Bapplifs.     In  Massachusetts,  for  example,  the  •'>  towus  highest  in  this 

renpoct  liad,  during  the  eighteen  years  prior  to  ]  fiOO,  an  uvenific  tv]>hoiil 

denth-rate  of  12.82  per  10,000  of  i>opulatioii,  while  the  !IV('Ri;:c  i)i'  the 

five  highest  rates  for  cities  with  public  supplies  was  but  7.(i'>,  and  of 

all  the  cities  of  the  C'onimouwealth  only  4.(i2.     In  the  town  with  the 

faighe^tt  mortality,  Ware,  the  average  for  fifteen  ye;irs  prior  tii    ISIJIJ 

Was  l(i..*i  in  10,000;    in  that  ywir  a  public  supply  was  jntroduccel, 

and  ul  the  expiration  of  four  years  the  mortality  had  diniini.stR-«1  (JO 

per  a-ut. 

In  1870,  only  20  cities  and  towns  in  Massachusetts  had  nxHlern 
pblic  supplies;  at  the  end  of  1896,  all  of  the  32  cities  and  127  of 
Hie  322  towns,  comprising  89.8  per  cent,  of  the  entire  pi>|»ulation,  were 

''  CentTalblntt  fiir  fokteriolosb  luid  l'iir:isi(riikimclo,  1898,  XXIJI.,  Nci.  1-1. 
'  Joumal  of  Ezperimentsl  Medioinv,  Muy,  lbU8. 
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thiiii  {)rovi<]e<],  and  but  A  towlll^  with  popiilatiotift  exw«cIiDg  3,500  had 
nniif ;  at  the  oiid  of  ISltS,  Imt  !l.7  |«-r  <fiit.  of  tlw  entirp  |HipuIatiori 
of  "2,500.000  wtrc  uitliKiK  ]"iblii-  Mipplic",  but  ttii*  miiiiU  [xTwiilnge 
was  made  D]i  of  .inmll  lowii-.  wiili  wjiitvivJ  inliabitanlc,  wliere  the 
)iitr(Kliii.-lioii  of  pilblk^  works  woiiltl  W  bcvoiiil  tlie  lltuiiiri^tl  ]  risk  i  bill  tin. 
As  a  reeull  of  this  very  general  introduction  of  a  common  supply  in 
plii«'  oflbiil  tliriv.il  frimi  iiidiviibiiil  wells,  largi-Iy  of  tho  ojicii  varirty 
ami  ^itUfitMl  in  cIoml'  proximity  tc  sou^c('I^  of  {Milbition,  a  decided 
dii'lini'  in  lyphoul  IVvtr  bn.*  Imi-o  rmliiiil.  This  rt-siilt  h  by  no  mctma 
IHxruhnr  to  Mii^MU'lniscItJ^,  but  ic  fmiud  to  }<*.■  the  oju^cqueiirp  wherever 
the  Melectiou  of  ihc  suiint!  it^  madt-  with  ^iudicious  rare  and  mi.-amir<» 
nn-  tsikcu  to  protei-t  it  from  avoidable  pollution.  It  'i»  wit  lo  he  »«|h 
pi-ed,  Iiowever,  that  tlie  miiv  iiiti'<w]uetion  of  a  common  supply 
without  l.ln.'  iibscrviiiicc  of  lliis  ncec««irv  prii.'iitilioii  will  IkM  mtvc 
the  iiitcre§ti  of  the  ]>iiblic  health.  lu  the  foUowing  table,  compiled  by 
Mr.  Hinini  V.  Mill*,'  h  .ihown  the  ciiarige  in  the  typhoid  di«th-mb4 
|K-r  lO.OoO  in  eiK'h  of  the  citic)^  of  MaK^acbti^lts  which  intn>duced 
water  within  the  years  I8(;!l  to  1877 : 


CIUm. 


Ilulyiiko 
Lawrence 

Lonell  .  .  . 
Fall  Hiva    . 

t^TiriiigtltiiJd  . 
Tniiolon  .  - 
Nottliamptim 

l.VDII   .     .     .     . 

Kw  Beiirord 
Krwlim  .    . 
Maiden 
F^iclilxi?;:  .    - 
Wiibijni .    .    - 
SdmcrvilU- 
(TieWa  . 
WiillImBi 


Yeulf  Dumtar 

T»rlT  DUDibar 

TXalb*  IB 

■>[  dMitu  tnm 

t)AtlT  of  lOtfD- 

of  ricalhi  ffura 

■rcODtl  prriod 

tfiAuM  IWvitr 

iliirLl4jii  vi 

typhaUl  fr^vr 

ixr  hiiuclrHl 

par  la.imD.  IMS 

witpt  luprif- 

"'iS^"" 

«f  ihiMi  la 

am. 

ti.73 

I87S 

8.» 

133 

8.34 

18T& 

8.33 

100 

6.ie 

1872 

7.63 

IM 

7.78 

1S71 

6.32 

81 

e.«7 

\87A 

&.!» 

fiS 

0.13 

1S7« 

A.OS 

82 

10.93 

1871 

iM 

37 

S.OA 

1871 

s.a 

4S 

7.77 

ISCO 

3.80 

■« 

6.57 

1879 

3.60 

M 

8.04 

1870 

3M 

M 

lO&O 

1872 

8.1ft 

aa 

exi 

1>«78 

S.K 

96 

ijta 

1867 

2.W 

08 

^97 

1867 

aas 

« 

8.IZ 

187$ 

tia 

80 

Tl  will  he  noticed  that  of  the^e  aixtcen  cities  there  were  three  which 
showed  no  improvement,  and  two  of  thcx^  were  wor*e  off  than  before. 
TIk*  rr«*on  for  tim  i*  clear.  All  three  are  mamifiirluriii};  vUm», 
•litUBted  on  rivers  polhiletl  by  wwagc.  At  llolyoke,  while  tlic  public 
supply  h  but  .4li};)itly  linbh'  to  ctiritami nation,  the  o]>enilive-'  in  the  fao- 
ti.>ries  used  water  from  two  other  soiircea,  subject  to  gro**  pollution  ; 
namely,  from  the  canals  tbe  ontninvc  of  ww  nf  which  is  »ituated  close 
to  tin-  otitlet  of  one  of  the  ninin  wwers  of  the  city,  und  from  wellR 
indirectly  mipplied  by  the  eannU.  <'om|iarii'on  of  the  de:ith-rat(*  from 
typhoid  levcr  among  ihiiv  of  diflVreiit  ixvii|i!ilion"',  bii>ii(.'hl  out  the 
fuct  that   the  o|M?fatives  in  the  milU  which    u^icd  canal  water  ttitfTeivd 


'  22<l  .\nniMl  Hepon  oJ  tlw  Stale  Buanl  of  UMlib  of  MaMolituctliv  1890^  p,  534. 
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from  the  disease  throe  time*  iw  inmli  [>iii  rala  sa  all  otber  persons. 
L<iHt-|]  iiikI  Ijiwrein-e,  at  the  time  mentioned,  were  iisinK  the  1)0111114.^1 
vrater  of  the  Mcrrimao  K\w\:  I-owi-U  tiKik  its  su|Hily  fourteen  miles 
bcliiw  tin-  [loinl  nf  eiitrjiice  of  the  sewage  of  Nuwlnia,  \.  H.,  niiil  enii- 
Kumed  it  witiiont  tr«iliiicnt.  Ijiwreiice  drew  upm  the  simic  siipply, 
lifter  ita  ftnrichmeiit  bv  the  wewoge  of  Lowgll,  at  ii  [loinl  bill  niiK-  niilttt 
below  the  oiiilali  ol'  the  lutt^r'-H  sewajie.  In  181)1,  Lowell  »tiflei-ed 
iiniiMiaUy  from  typhoid  fever  by  reiiwm  of  the  ndditioiial  I'ontiimiiin- 
tioii  by  fiKCc's  of  tyjihoiil  imtiuiils  dinohargcf^l  into  t>ioiiy  BrLH>k,  u  small 
trilnitan'  of  the  Merrimac,  only  thrtv  iniltw  nbiivc  tJie  intake  of  the 
water- work". 

The  conditions  of  all  three  plafes  have  ^inoc  been  changed.  At 
Holyoke,  wariiiiijr^  wen'  ]HWt<Hl  for  the  Wnefit  of  the  "jx-iiitives ; 
Lowell  abiiiidoned  the  river  in  tiivor  of  Rronrnl-w:iIer  in  ISSKl,  and  in 
the  same  ywir  I-awrenec  in^litntfd  tiltr.ition.  In  all  of  thf  three  criiw* 
the  expected  huppencil  ;  nurnely,  u  innrkfil  <iiniimilioii  in  the  d(alh-rate. 

Rtaminatiun  of  the  above  table  reveals  the  fiiet  that  in  the  majority 
of  the  sixteen  eitiiw  the  r«'<hietlon  in  the  typhoid  ch-ath-rate  was  mont 
pronounced.  In  some  of  them,  the  diminntion  has  prtxx'eded  to  u 
niiirh  f^iiyiliT  extent  tliun  i^  winmii  ln-n-.  In  1  S!l(i,  thr(i>  cities  with  an 
a^Kngate  popnlution  of  70,fJ0()  showeil  lew*  tlwn  1  desitli  ]kt  10,000 
from  this  distsine,  and  in  on«  of  tlieni,  Wobiirn,  thei-e  was  none  at  all. 

ClasaiBcation  of  Cities  Accordinfi;  to  Typhoid  Fever  Deatb- 
iratcs. — 'I'hi'  jHi^ition  lu'ld  by  water  iis  a  wmsaiive  ftirtor  in  ihe  :'prx.-ad 
of  tyjjhoid  fever  is  such  that,  psirophrasing  a  familiar  qnotation, 
the  student  of  .lanitary  matters  may  well  say :  "  KIioh'  rtie  n  eity'a 
KtutiMticK  of  the  tliseaw  and  I  will  ttll  you  the  character  of  its  water 
supply."  Pni*  supplies  and  high  typhoid  rati's  are  ini-omiiatihle,  and 
the  eiidenitcity  of  tbcdiwiise  in  iimmninities  of  large  siiw  makes  ei[niilly 
incompiitible  the  use  of  sewage-pollnted  water  and  low  morbidity  and 
mortillttv.  In  no  wiiv  may  this  faet  be  illni'trnti'd  more  olearlv  than 
by  comparing  the  death-rate--  of  the  disease  in  the  leading  cities  of  the 
world,  an<l  noting  the  .■•onree  and  natiiri'  of  the  wnter  with  which  they 
are  f^upplied.  From  the  admirable  work  of  Mr.  John  \V.  Hill,'  the 
following  table  is  eompiV^l  (the  nit es  given  are  tho^e  re[Kirt«l  for  the 
ytsu  189S  per  100,000  of  [Mjpnlatioti) : 


48il,'t»(! 
41W,l»0 
lST,54-5 

l,«9S.:n.'i 
l.S2U,«23 
(>25,.i.ia 
2B7,IOO 
33:!.TH 
ST7.0«2 


itourp*  ot  tuiqilr. 


ILiarli-m  <liin*w.  (ii)il  Rii-iT  Vtfht,  fillPtnl  .  .  .  . 
Sprina-wutt-r  from  Uniigriill  Vnllfy,  ST,  milw  away 

Snnddones,  fillervd . 

Flllori'il  witllHHnil  Kiill«'''v  tiv  KivcT  Elbe  .  .  .  , 
Filtrml  waler  fmtn  Ijikn  lV?cl  niid  MIlgfBl  .  , 
Sprintr*  ill  ihi"  .Vhiiwlivra,  (!•'>  mllis  .iwir  .  .  .  . 
PilleirJ  vr;iliT  frorii  llip  Itiver  EUip      ...... 

Jjikt-  mi'l  wt'll-wuier  ...  ....... 

Mllcml  w:itcr  from  irollo  nnd  (>[>riii(nl  ■   ■   .   ■   . 
Fi1i*n<d  wtiier  from  ihfr  Riv«r  tMwr  .   .  .   .   . 


BIM, 

3 
3 
4 
4 
S 
ft 
« 
It 


>  Tb«  I'urilii'alion  at  Public  \VhI«i'  8iip|>Ii(«,  X«w  York,  1S96. 
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WATER. 


av. 


?uh 


Roltcrdnm  . 
Aliniia  .    . 

Trinlt  ,    .  . 

London  .   .  . 

Brooklyn  •  • 
Lnwrcnno  .  . 
Kiliiihiirjfli 

New  York  . 

Milw»iike«i  . 

Krus-vln     .  . 

tSi.  Loiii*  .  . 

FtiiHaln  .   .  . 

llclroil  .  ,  . 
Dnvi-npon 

sidiu-y.  s.aw. 

Xi-wark,  N.J.' 

(.iloiieow   .  . 

ManihmlM'  . 
Turin  .  .  . 
DavKm,  O.  . 
t^ultit^-,  lU.' 
\  eniit  .  .  . 
I*n)vidcnc«  . 
Hviuv  .  .  ■ 
Vtngiw  .  ■  . 
Tonjiito'  .  . 
Bi.iln-r'Mt  . 
rballsDuOKV  * 
Una  Krnndspo 
Rfwion   .    .    . 

Knosrillft 
LWcrriool .  . 
Chriiiiania  . 
New  Orlcuu 
PhiUJul]ihIa 
Rakimurv  .  . 
IniliniiBpolb* 

(.'Irvvlatid  I    - 

Dublin  .  .  . 
(.'hitapi'  .  . 
Mfncov      »    ■ 

(.liicinaall 
Wwhingtan  . 
Ni>l<rilTa.   . 
Milan     .   .   . 
Aitanta*  .  . 


pQpulatioEL 

2:fi,33S 
163,886 

1,H0,000 

65,i)W) 
276,&14 

1.!)  34.07  7 
K7..M)0 
6IB,3S7 
67O,(H>0 
300,000 
270,000 

230,(100 
7ftS,o:,2 
Ii30.(100 
3-M,203 


8S,(I0(> 
4-i,000 

ia3,2M 

l.W,(H«l 

473.asie 

364,832 

106.(K1(> 

679.276 

AO.mt 

S30.000 
50S,8ti* 

50,000 

ar.omi 
63-.',0(M.i 

2:.VXKI 

i,l»»,79:i 

507,398 

ie.%000 

».*i.7l>0 
330.S79 
SI  1,100 

I.81».?a6 
;S3.4A9 

341.000 
ST8.1S0 

44I,MS 

uotooa 


Bdurs  o(  ■Up|ll]>. 


Rirvn  l^Lnc,  Mnme.  nnd  VaDoe,  Ourcq  Caoil, 
nr)t>iiin  «<.')lN,nTii]  ii|irinj» 

Kilipri-tl  wuicr  (rum  ilic  Kiier  Maaa 

FiliiTpH  wiirnr  frc-m  llip  Rivvr  Elbe 

Ktaii  wrllB,  and  flltercd  ni«T  Ittua  llie  Rirsn 
Tliniiiis  unil  I^> 

Iiiipiiiiiiiii^l  wnlt-r,  iiml  open  unci  driven  welb  .   . 

Killerrd  wuicr  from  [lie  liivcr  Marriinnc    .   .    . 

Impoiinilnl  niiil  (lll<*rv<I  w!it«r  rnim  I'tnlUnd 
Hills 

Impoiinik'il  wnicr  from  Crofoii  tmd  Bruiut  Bircn 

Lalio  Mivtii)iHii .   .   .    .    . 


Miwii*-ipui  Riv«r  .  . 
NiiiKiim  Itivt^r,  at  held 
Detroit  rtit 


Val*. 


MrHiniih'iil  niiiT,  MihxiiBipin  River    ...... 

Uiipwiiuii"!  vtatee  from  t'ppt-r  Ncpeui  Riv«r    ,   . 
Inipoiiiidrd  wnlcr  from  Pcifiiniinnck  River,  Rltoivd 

[.iicli  KHiriilv .    .    .    ,    , 

Luke  Thirl[ncr« 


DriT*-!!  welh 

McoliHiiirnl  fillm,  MiwHppi  River  .   .    . 

Impoiiniii'd  water     ... 

rawliixrl  River 

PuiitMnuiIi  Tr«ri,  Aqua  Feliov,  nnd  Pad!  . 


L^ke  OiilBfio    -  ..... 

(■round  water   ... 

M<'>'li;inii':il  filtetv,  Tei>ne«M«  Rirer  .   .    . 

Iu)iiuun'li-rl  wuttT  frniu  luuiintaiii  tprino 

Lake  (.V-chilURtc,  Kudhuiy  Kiver,  and  ImpoundMl 

WlltlT  ........  ..... 

Ohii.  Kii-L-r    .        .  ..... 

XcrliAnii^l  fillein.  Tenure*!*  ttiv«r     - 
|j[ike  Vvriiwy  I  iKii  n  iiriturul  liihe)  -   -   - 


Drinking- water  from  lanka  nnd  drtoms . 
t^-ltiiylkdl  Htid  DrUvmre  Klrn*  .  .   .  . 


liuDpowdcr  Kiier.  Ijike  Roland 
Diivcn  Hc-IU  ni>d  Wbilc  River 
|>itv<'ii  well"  .  ..... 

Lake  Kri(^  .  . 

Ohio  River 

Hirer  Vuirtry,  jropoilnded  nnltr,  Itltaind    . 
Lnke  Micliigaii  .... 

Miivhia  «prini^  and  ponili,  Mnoo*  nod  Yama 

^ivero    .... 
Ofaio  RircT 

Potoiune  RJTw 

Filler  Kallerr.  Ciiinlierliind  Rjnr 


Uedianitsl  Slierx,  ChMUneoga  RiTer 


t  Avenii^  rM», 
'  Averai^c  rale, 
'  Awragjc  rale, 

*  Areraicr  rate, 

*  AveraKCrvie, 

*  Artrafc  i«t», 
'  .\veravc  rate, 

*  A  *«€•(:»  rale, 


I&Wi-lKaa.  63.6; 
l«^1S9(t^  49.S: 
IR90-I89«.  tf».2; 
ISWV-litM,  M.f>: 
lS90-18S6.;7.<i: 
18l»0-l»M,  TI.2; 
18»0-]8»fi,  5&.1 ; 


r^ucei) 
reduced 
redlleol 
nvluoil 
reduo'-'l 
mti)i'e<l 
mliitiil 
r«diict«l 


I  ^■^  per  eetil. 
.''l.'r  prrceol. 
12.2  per  cent. 
'•>i  iier  cetiL 
3S.4  pneent. 
■l.i.U  pr*  esnt 
a'..4  iKT  eenL 
S9lS  ptrecnk 
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cur. 


Brwbuid'.   ,  , 
Piltoburg       '   . 
Denver  -  .   . 
Jew**  Ciiv  .    , 
Newport,  Ky. 
Ali-sandrin' 
Cnin.*    .    -    . 
St.  PMerabuis* 


PvpolMlon. 


B3,«7 

S80,(KK} 
150.000 

187,0118 

ao.oiio 
asLsart 

!k°i4,400 


80WM  Of  lUppIr. 

AllBelicnv  Kifor 

SiiiOi  fluiic  Rivor  niicl  Manton  Lak« 
I'liMinio  snil  ['eiiuunnuvk  Kireni    ■    ■    ■ 

Ohiii  Itirer 

KinT  Nile  hy  i.-uiml    .    .  .   .   .   . 

Bivcr  Nilo  by  fnoiil 

Filtered  witer  rrom  River  Neva  .   .   . 


Raw. 

n 

61 

61 

(1.6 

63 

80 
141 
1-tt 


It  will  be  uotit'wl  that  ttit-  oitit's  witli  the  lowest  mtes  treat  their 
water  before  uao  op  go  long  distances  for  pure  t-]>riiig  supplioH,  while 

jse  «ffli(rt«il  with  tlie  grejili-.-it  lumiunt  nf  the  diHiiJise  take  the  nearest 

lilubli?  Wiitcr  ami  use  it  without  treiitment,  or  \vith  Mich  a»  hiis  no 
meril.  Among  ilii-  ellii'H  with  ihe  \vor?<t  showing  are  sevcnil  which, 
in  one  way  or  unothcr,  filter  their  water;  this  eniijunriion  of  intmiii- 
patible  Inets  in<lieates  in  ea«h  csise  either  very  imperfect  nitration,  or 
the  intrixhK'tion  nf  iui  niiuHiial  amount  of  fliswix-  fmni  without.,  or  the 
occurrence  of  infeetion  through  the  use  of  ]>olIuted  milk,  ovstcn^  or 
olhi'i'  tV""!. 

Examples  of  Typhoid  Fever  Epidemics  and  of  Limited  Out- 
breaks Traced  to  Infected  Water. — For  the  jiurposc  of  ilhi4tmti»g 
to  what  an  extent  "iHiT/iticiilly  jMilluted  water  am,  under  favorable  eoo- 
dition»<,  brinj;  ahoui  a  niulden  imlhrcjik  m-  i-xjjl'wion,  the  following 
ouK-s  have  l>cen  selected  from  the  many  which  are  to  be  found  in  the 
litcraturtt  of  hygiene. 

Epidemic  at  Lausen,  SwitzerlAnd. — Thie  \)e»i  known  and  moHt  often 
quoH-d  of  epideniics  of  typhoid  fcvtT  wan  pnn-lii'idly  tlic  Hi-st  one  of 
any  con^iik-rable  extent  to  Ije  tniciil  unflisput^dily  to  the  use  of  spe- 
cifically polluted  water,  although  many  oulhreak.H,  largi'  and  smidi, 
had  b<'en  »iH'rilie<l  to  tlic  nw  of  water  '■  containing  considerable  organic 
matter,"  and  only  supposedly  Infected. 

Ij'P  to  1872,  thi.>*  villflgf  of  7S0  inhiiliitant^  had  not  Wu  visitcil  by 
typhoid  fever,  even  in  sporatlic  cases,  for  nixly  ycjii-s.  On  August  7 tli, 
with  no  previous  warning,  ton  |KT»r)ri-<  wen-  nei/cd,  and  during  the 
next  ten  days  nearly  sixty  more.  The  unmlier  of  cases  inci-easetl 
from  day  to  day  until  l."10  |>en>on.-i,  or  one-sixth  of  the  entire  |>o|iula- 
tion,  had  \iw»  feiwfl.  So  lai^e  a  percentage  of  involvement  pr.inted 
to  some  common  esiuse,  and  ihe  iininnnity  enjnyi'"!  by  llie  iMrniite." 
of  a  group  of  hon:*e.-<  not  connoctetl  with  the  public  water  supply 
directed  atlentiou  to  the  latter,  which  wa.-<  derivid  from  ii  sja'ing  at 
the  foot  of  a  ridgi>  aliout  ^0(1  feet  higli.  between  the  village  and  the 
Fiihrler  v;dley.  In  this  valley,  at  a  point  Iwiwiin  one  and  two  niihw 
dii^tant  from  Lansen,  was  an  Uolal^il  fiirrii  where-  dwelt  »  man  who, 
-on  June  lOlh,  nlmrtly  after  his  return  from  a  visit,  wae  taken  aick 

*  AT«ni|w  nil*.  I8»0-1896,  29.7 ;  increntnl  102  per  pcnl. 

*  AveniKc  rnte  1890-l8flB,  14H.J ;  Hf«■^■»«'l^  ;W  pec  .(tm. 
'  Averngi- raw-,  tlWO-ISWi,  1(1H,3:  ilwrcn^Ftl  Kj-J  |wr  <.-viil. 

*  Av«!riiKe  nui.  ISBO-lsM,  77.2;  iutrroiucd  84  pn  wnt. 
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with  tvpiinid  fover.  Bcfnre  tin-  end  of  July,  Uirts-  «i«(*  more  diii'ci- 
oiMiI  in  the  kiiuc  Iidum-.  Tlit-  ilisi'liarpt-H  of  all  fmir  wore  tbniu-n 
iiilri  a  l>ror)k  in  wliiili  the  liimilv  waiJiing  was  tlom-,  ami  it'hi<-h  .ivrvi'd 
to  irrigiito  tht-  tiiMiddws  Ixiiuw.  Wlu'iicvt-r  it  was  tUMiitneil  up  for 
thi(*  ]>ijrpi)ac,  the  vohmie  of  the  water  supply  beyond  ihft  ridg«-  us^ 
Hiitictiibly  iiKTr'UH-tl.  |{»'lw(fri  .Inly  l')th  «nd  the  cn<i  uf  \Ik  niunlh, 
the  iiiea<l«W)'  ha<i  Iki'Ii  •iiibnier^d  by  thi&  process,  and  in  tliive  w(-t?'ks 
from  till-  bcj^i tilling  of  llii-  ii)K-nitii>n,  the  cxploi'ion  wpiinxxl  in 
Luu!vti. 

The  itequoiuv  of  event-*  was,  then,  the  iiiipwiiniiw  nf  the  initial  «i>e 
on  JuiiB  l()tli,  and  of  thrw  more  in  tjjc  same  house  before  ibc  eml  <>( 
July,  the  daily  iMilhition  of  the  w-.itt-r  of  iln'  biMolt,  the  dntiiiiiiu^  of 
the  brook  in  th<.-  iniddlt-  i.f  .inly,  and  the  apiH-sinini-c  of  the  fit>t  tildes 
in  Ijiiii-eii  on  Augui't  7th.  Everything  pnintt-d  lo  direirt  wmneclion 
between  the  iiiijKiuiiiliil  water  und  llic  ^prin)-  u  mile  or  more  diMant 
on  the  other  jiide  of  the  ridge,  and  Its  exi(itojiiM>  wan  e&tnbli«he«l  by 
dnniping  itViont  a  ton  of  -lalt  into  the  brook  and  noting  il.-  Kim-dy 
ap|K'arjinee  in  the  I/anwn  sprinjj.  A«  a  very  large  ninoum  of  flour, 
deposited  at  thf  winie  |>lape,  gave  no  eviclenee  of  it.->  apjH'aranw,  eveu 
in  tniec-s  il  wa.-'  proviil  thiit  ilie  water  passed  through  a  eoarse  tiltvr- 
ing  mcdiuiu  rather  thuii  through  an  o[)en  nndei^ronnd  paA.^<age. 

The  Plymouth,  Pa.,  Epidemic. — Thi'  town  of  Plymonlh,  IVrnii>ylvHnift^ 
had,  at  the  time  of  the  epideniie  in  l.'<Ho,  u  population  of  about  S,)MlO 
jHHtpU-.  'I'lie  general  water  supply  was  (Icrivwl  from  »  niouuliitn 
Itroolc.  which  wa^  <lHiriiiie(l  at  inler\'a1i^  no  ns  to  form  a  series  of  im- 
[Hiiinding  re.'<ervoii'>,  but  a  larg<-  ]iarl  of  the  po]>ulaliuu  wiis  .lupplitd 
by  individual  nclU.  A  eitiun  who  sjhmiI  the  Chri^tiuaii  holidays  at 
Phihidi'lpliiii  rptnrne*!  in  January  to  hh  home,  ill  with  typhoid  fever, 
and  liafl  a  veni'  protriieted  jiiekncsj^.  During  the  entire  [icriiMl,  Uw 
excreta,  which  were  in  no  way  disinfected,  were  tlirown  upon  ihe  snow 
and  i<v  on  a  nhi{K.-  n4>I  forty  feet  away  from  the  brook,  iil  a  jHiinl  mid- 
way Ix'twwn  two  of  the  dani?'.  Al  thic  time  the  brook  «a^  frown 
over,  and  it  remained  ^o  until  ilie  appiixieh  of  npring.  During  the  las* 
thin)  of  the  month  of  ^tar(rh,  then-  was  a  »i)ddeu  |>eri"d  of  wamilh, 
and  the  enow  an<I  ice  began  to  mell.  8h<jrily  afterwanl,  the  warm 
ii]kring  niin.4  Ix^in,  and  the  iee  and  !<n(>w  and  fnisn-u  excrctu  upon  the 
slope  were  melted,  and  the  entire  aeeumulation  vas  waf-)ie<l  into  the 
brook,  and  thence  into  liie  uater  main^i.  Within  thn-e  weik.-*  tlicre- 
uftcr,  ca-seri  of  typhoid  fn-vcr  by  the  WKirt-  made  their  ap|>enRinee 
throughout  the  town.  On  some  clays,  more  than  a  hundred  Dew 
caJK*  were  repi>rt«i,  aud  on  one,  the  number  rsicIkhI  umrly  two 
huudn'd.  Tito  total  nimiljcr  of  h*izures  lias  variously  been  stated, 
the  !owt«t  cfitiniate  l>eing  1,000  and  the  higlH-sl  1,-'jOO,  The  number 
of  dvaih^  wa«  not  Ie3<)>  than  1 14,  and  luu>  Iw^^n  placed  »«  high  at-  ]')0. 

It  was  dixeovered  (hat  the  epidemic  was  limitMl  practieally  to  those 
wl)c>M>  houses  wen-  ^ipplied  by  the  town  imiins,  and  to  tho*e  wl»o, 
while  xupplied  at  home  by  welN,  drank  of  the  public  supply  while 
ahoent  fi-om  hoim*  during  working  Ikour^.     'I'lits  Ji^^triijutiun  wa»  par- 
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ticiilarly  cm[>hasuw]  in  one  siivct,  wlierc  the  IioiiflCi*  on  one  sh]v  all 
tuid  (Hie  *ir  niort-  ch.-m-.i,  wImIc  tliiwc  on  the  "tlicr  had  rioiif  at  all. 
Tbc  furmer  were  supplied  by  the  town  cnaiuH,  and  tbe  latter  d<-p<-nd(>d 
ii|Hin  wi-ll^. 

Ontbrealc  at  Uvemet. — A  somewhat  Kimilar  outbrEuk,  on  a  roueh 
imiulicr  -tmlt!,  i>  n-jH)rtt'<l  l>v  Dr.  Diifiard  '  il»  oiviirring  al  a  .-•iiiiitl  vrl- 
lup-  in  the  Alps,  the  (KtailH  uf"  which  are  as  follow')- :  In  Octolxr,  18!tS, 
a  dcljii-hment  i.>f  loT  infanm-  hoIiUits  wen-  tgiiarteriil  in  lour  hoii.ofs  in 
the  villu^jo,  VM-it  hou.li'  [•hcltiriiijr  iippriixiniiikly  a  t'oiirlli  »i'  the  men. 
In  one,  where  ^7  were  quartered,  there  apiwared  within  a  few  weeks  22 
m.'W  of  typhoid  fewr,  fi  of  whitrli  t*Tiriiimt<Hl  fiitidly.  At  ihi-  time  of 
seizure,  there  were  no  other  tases  in  the  village,  nor  tlid  jiny  ap|>ear  in 
any  other  house  than  ihif*  one.  Inve^tigtilion  i-ev^ilrti  tin-  liict  that,  a 
few  ilayts  licliirc  the  arrival  of  the  troop",  a  rhild  of  ton  ynr*  liiid  I>een 
taken  ill  with  the  dise.i.-if  in  another  house  situat4Kl  on  hifjInT  jrroiiml, 
aljoiil  400  feelawiiy  from  the  lion«-  in  qiieiitiun.  Where  rln-  eluld  lay 
ill,  there  was  no  priw,  and  his  exereta  were  thrown  u])on  the  giv>uiid 
in  a  iieighlKirin^  lli-lil.  Hik  moiIiiI  elotliiw  were  wii^hed  in  ihe  ^prinjj; 
nearby.  At  the  time  of  the  soldiers"  arrival,  a  iniiulxT  of  heavy  rains 
oecnrix-il,  by  whioh  the  siirfaee  impurities  ol'  the  soil  in  the  neighh(»r- 
bood  of  the  hoiiw  wheix-  the  ehild  lived  would,  by  reason  of  the  incli- 
nation of  the  (ground,  l>f  washed  lowartl  the  house  ocenpied  hy  iIms 
jtoldierM.  Thi*  wils  !>np)>lii-il  l>v  wiiter  from  ii  -■«timll  flit'iini  fhrongh 
a  nide  main  eimstmeled  of  worm-eaten  hollow  logs  laid  in  a  shallow 
depit'JW'ioti  in  the  surfiice  of  I  he  soil.  Then-  eould  be  no  question  of 
tlie  probabililv  of  eontaminalion  of  this  supply  hy  the  fieeal  di.-^ehargwi 
thrown  iqioji  the  grmirid  in  the  vieinit.v,  and  in  the  ubM-iiee  of  ,iny  other 
iw«ci>  and  witli  the  \t\^h  |)ei-eentage  of  seixiireK  In  the  one  llouee,  no 
other  exphinalion  apiteai-ji  to  be  [wwsihle. 

Epidemic  at  AshLind,  Wisconiiin,  in  1893-94. — This  outbreak  is  one 
of  (lecidiar  inlerest,  in  that,  in  addition  I')  serving  as  an  excellent  ilhi!*- 
tnitioii  of  the  dtiiifjcT  »f'  usiTiij  the  Kinne  liody  of  water  us  a  plaee  for 
the  disposal  of  sew:i>r(!  and  as  a  snuree  of  drink ing-waiei-,  it  was  made 
the  bfisi.-a  of  an  nelion  ul  law,  whieh  e-itublli^heil  the  lialdlitv  of  w»ter 
compunies  and  municipalities  in  csiae  of  sielcnesB  and  death  caused  by 
the  distribution  and  use  of  infeet/nl  wiit^-J-. 

Tbe  cily'*  supply  is  derivetl  from  an  arm  of  Ijiike  Superior,  Clie- 
quainegon  Ilay,  ii[H>n  wbitrli  the  <;iiy  is  sitiiaUtl.  This  hay,  ivhieh  is 
alwiul  twelve  iiiih*!  lonj*,  uiiil  of  an  average  width  of  live,  vurii^  from 
eight  to  thirty-six  feet  in  depth.  North  of  the  citj',  and  extending 
outwanl  in  a  norlhwesiwardly  dirii-tion,  i-"  a  lm«kw.itiT  construe;!^ 
for  (he  pronrtiou  of  liie  harlMir  aguin<4t  northerly  g-,iles  ;  and  between  It 
and  the  dty  the  mouth  of  tbe  wjiter  intake  is  IrHiited  about  a  mile 
from  the  r^liore.  (Stn'  Kig.  ^-I.)  The  wwiige  of  the  eity  is  di>eharged 
further  to  die  west  and  soulH.  The  eiirreuts  in  the  hay  follow  tbe 
couTBe  indieated  by  the  arrows  in  thi'  figure,  and  carry  the  si-wnge 
toward  the  breukwuler  and  over  the  tnoutli  of  the  intake.  This  eon- 
'  If  un  mMiisI,  Jiu.  I,  ISm,  i>.  &. 
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ditioii  of  afliiitx  wu»  bnnifriit  t»  the  nttention  of  the  company  by  tl 
hmltli   boonU  of  the  city  and  Ntatc   re])eat»])y,  but   without  retmlt 
That  tlw  wiiter  wus  [Millnritl,  \vn»  •■vuU-nt  on  mcix-  <iniliir  iiiHiKrlion,  I'l  ^ji^ 
it  WW  ol\pn  ploiidy  nr  markully  turbulent.     Pnriug  the   uinlcr  <^    •( 
189;J— fi-l,  typlioid  fever  made  ilw  iipiHiinimr  in  tin-  city,  »iifl  from  tl'  —   y 

iiiituil  wiwoK  »  (lisiistr>>n>'  eiiiik-mic  <k-vclopwl,  whiiiih  1«1  to  the  ftitahlL-h ). 

nieiit  of  a  model  fi]t*ring-plani. 

Tlic  iicliiin  at  l«w  n-tori-cMl  tn  ntwvo,  wn«  bniiifjht  by  the  witlfiw  <  _if 
one  of  the  victims.  In  evidence,  it  was  shown  that  lie  lived  tiintiii^^i- 
ouhly  in  ^V^blaud,  and  drank  no  u-aler  other  tlian  tluil  HUpplied  by  tl^Bit 

Pia.  96. 


Oandltliiiunbi&liiliiiat  Aahlaiid,  WU.,  (fflur  (u  th»  tpldvmie  of  tNMi 

water  oompimy  :  that  previous  to  his  seizure  the  disease  luid  im-vnii 
in   the  city,  and   tlial   tlio  cliscluirgv^  from   IJic  unttttMlt-iil  i-ases 
poMitl   iiil'i  the  Vl^ltcn'  of  the  bsiy  by  way  ul'  the  city  »ew«r«. 
court  found  for  the  plaintifl*  in  the  .-nni  of  |o,t)0(l. 

Epidoiaic  at  Lun«burg  in  1896. — Tlii'  lUK-itnit  town  of  t<iinflmr]f,  wi 
a  population  of  22. 000,  hus  a  system  of  sewerv  which  empty  at  t« 
jMiiiiln  into  the  Muall   Itiver  llim-nuu.      The  puMir  watrr  Mipply  is  i^ 
the  bunds  of  a  mnubcr  of  Hc)>aniif  ci irjx iriitions.  whieh  bud  their  orig- 
in [uedige\'al  guilds;  and  as  the  two  pnnd{)al  ones  su|) ply  iIm' Min 
purtf  nf  the  town,  it  hiip[H'n.-*   that  llicir  mains  niu   tliroti|;h    the  Niiae 
Streets,  and  that  not  iiloni-  adjoining  Iioumx,  but  cveu  different  8t<>rio.'^ 
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of  the  wine  building  lire  siipplirtl  by  citlicr  one  acronlirig  to  (rirciim- 
dtancei^  The  Uatlis  OjmjKiiiy  riirnii;lif.'(^  u  ground- wat^^r  wliifb  if  jxt- 
fwtiv  giiod,  <»Xfi-pl  tor  it-)  miller  high  cfjiitoiit  i>f  iiTiij,  whioh  sonietiracw 
haf  i.'au«?ii  more  or  low  tnmbk'.  'Die  otln-r  Inrjif  inrponition,  kimwii 
ft.1  tin-  Abls  (\>rapany,  obtains  ite  water  from  the  Ilnieiiaii,  UfULiliy  at  a 
fMiiut  aljovf  thf  ti^wn ;  but  bt'twc-cri  July  l-'ith  :iii(l  20iJi,  it  dri'W  it  frcirii 
»  \t\:\cc.  in  the  middle  of  the  town,  oppusile  the  piiinpiug-vlution.  Mhere 
tlic  wiiUt  wii«  cxlivirw-ty  impure.  I'n-vioiis  to  thene  datcii,  lyplmid 
fever,  which  wiis  alway*^  )irc-M.-iit  iu  sonic  iiniunnt  iu  ill'-  town,  bud 
bi-i;iin  to  apjH-nr  to  an  unusual  i-xtont ;  and  in  the  fimt  half  of  August, 
(hf-rv  W1IS  a  sudden  aini  remnrUiiblc  incniiw  in  ibe  uiitiiIkt  of  »u4(!ii. 
Oh  the  termination  of  the  outbreak,  2"o  ca>e»  had  been  reported,  1(!9, 
or  82. 1 1  |H'r  iTnl.,  of  which  were  among  famil)<«  HUpptii-d  with  tho 
water  of  the  river. 

It  was  provi-d  that,  for  a  i>oriod  of  soint-  dayn,  which  inchided  the 
iliitcs  above  incntioued,  the  diarrhfeie  diseliargci^  of  a  youiifr  girl,  sick 
with  typhoid  fever,  were  thrown,  without  being  (Uninfected,  into  the 
river  at  ;i  point  about  ;iOO  fcrt  above  tlic  inlalic  mnl  on  the  ^luiic  side. 
In  addition  to  this  one  wouree  of  the  caiinaiive  agent  which  produced 
such  a  :>uddoii  rUe  in  tin.'  curve,  it  wiw  known  that  (be  river  had  licen  |ml- 
luted  by  the  disebarpes  of  another  ])atient  in  May,  and  that  the  epidemic 
had  its  real  iM'ginuing  iu  .luuc.  It  U  conrnviihlc  that  in  n  lown  where 
ihc  houne  supplies  arc  *o  conipHciit'il  th:il  diircrent  stories  have  differ- 
ent kinds  of  wat*r,  a  fair  iMTcinlap'  of  the  vicliunn  of  an  epidemic  may 
an^uire  the  disease  through  iieigliborhood  visiting,  though  their  own 
donie^ic  Mipply  i*  of  the  pr<^[>cr  <]ualily.  In  thi;-  whith-  outliiiiik,  only 
I"..5fi  [wr  cent,  iif  the  ca*cs  wen-  amon^  people  whose  premiw*  wore 

jiplicd  bv  till-  ntlur  coTO[i;iuics. 

^idemic  at  Zehdenick  in  1897. — Tins  whs  a  lueal  uutbreak  tnieed 
to  the  contaminsition  of  a  well  by  tlie  discljarges  of  a  child  sick  with 
typhoid  fi'Ver.  The  water  was  useil  by  the  inrnHtes  of  tlie  houses  in 
the  imm^iate  vicinity,  and  tlie  di-'cas'e  was  limittil  to  them  alone. 
Of  .'to;!  persons  making  up  llie  '2'J  hnuwhohls  of  tlic-  mifrliborlmiid,  1)4, 
or  nearly  a  thinl.  were  ^i/iLKl  withiti  a  short  [Knod.  while  not  aimllKT 
case  was  known  in  the  t«iwn.  The  inmates  of  nine  houses  within  the 
infected  area,  who  obtained  their  wiitt-r  from  iiimtber  sihiri-,  were  im- 
touebt^d. 

Limited  Outbreak  Among  Soldiers. — An  infiulry  i-cginient.  ivlurniu); 
from  till-  autumn  muna'uvrcr,  jmisswI  through  a  small  vilLigc  when; 
typboU]  fever  existed,  and  ballet!  for  water.  Two  days  alU-rward,  3 
men  were  seiwnl  with  gi-riif  .-uddeuncss.  and  within  two  weeks,  .It!  men 
were  down  with  the  disease.  They  bad  lni?ii  expi'>j<il  to  no  olhcH' 
source  of  infti'lion,  and  uther  !rf"i]w  wh"  [w.-^-ed  ihroinjli  tlic-  same  vil- 
lap-  witb'iiit  stopping  for  water  were  uujitl'eettil.  Knowing  the  day 
when  the  infection  itccurred,  and  since  in  every  case  tlie  onset  wa» 
marked  by  very  .nciile  symptoms.  Or.  Kmil  -lauelien '  was  iible  to 
dutenniuc  the  exact  jieriiMl  of  incubation  :  3  were  sciwil  on  the  second 
'  WieD«r  kliiilnulii-  U'wli^nwliiilt,  Jul;r  7.  1CU8. 
IS 
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day,  7  oil  tliv  tliin),  6  on  iIil'  foiiilli,  4  mi  itic  fifth,  4  on  the  sixt^ 
5  on  the  fic%'C'nth,  and  7  between  the  ninth  and  the  founMnrii 
Tlie  rihorl  [K-riiHU  hit  explniniibli'  bv  tlx*  fh<'t  lliul  Uir  men  were  ii 
a  elulv  »i'  cxlmiir^ttou  at  the  tinu-  of  drinkinj;,  and  all  took  («|miui 
dntiijflit^. 

Asiatic  Cholera. — This  ili^^cnM-,  whii-h  i»  endoinic  in  India,  irhcuet, 
it  makcM  t>orioili«Ll  cxcun^iunr.  lo  other  \mtia  of  (Iw  world,  MinwliiiM 
mosi  wi(li'S'j)niid  mid  with  thi-  uiosi  dixiu'lrtiUK  n^iiIlK,  w,  |irTliii|», 
more  excluwivdy  tliait  typlmid  t'lVcr,  n  water-horne  di^iii!*.  Sd(«| 
thi'  ili.HOovcp.'  hy  Koch  ol'  lite  esoitiiig  euiiM*,  urn]  lli<-  ddcrti'iii  <f 
th<-'  i«nnii'  ill  driiikiii^-wator  during  L-pidemiui  of  the  di^'ai*,  (he 
older  tlieones  of  its  method  of  uprcml  biive  !)<«»  ulwiidotivd  nn 
by  the  fi>w  nmniniiig  iidlion-ntK  of  tlu-  "loculicl"  theon-,  wliom 
not  even  the  Hurtr^  rev«iiiL'il  diii'iiijf  ntid  after  thi'  grvnl  rpidcmic "' 
lS!l'i  oiii  move  I'niin  their  dn^tl  iiitiichnicnt  to  tlw  crcdl  of  Ibcir 
re%'t'rt!d  tcHcher. 

During  tho  oinirw  of  the  widi'spread  devaxtiitiug  ejwleniic  of  1^^"^, 
whi<'li  in  itji  journey  front  the  vidU'V  of  the  (iangv»  through  Prpii 
claimed  20,000  vietiois  in  Teberau  alone,  and  in  it,-*  cium*-  llini'igi' 
ICiissiu  dcNtroyeil  2l5,l-';7  tnori-,  und  which  extcnde<l  thrmigli  li'^ 
many,  Austria,  France,  Belgium,  Holland,  iind  even  u>  the  hiirtHir>ur 
the  WcKtern  HcinispIuTe,  no  more  in»>tnietive  exumplc  of  tite  wmiicelii'ii 
iH-tween  the  di^^ea^^e  and  (inlhited  water  and  of  the  immunity  ronli-ma 
by  tlic  iwe  of  a  jiiire  Mipjily  i-oiild  luivo  he<-n  yU-ldi^l  i»r  iIoiriNl  tlino 
the  exi>erience  of  Hamburg,  Altim:!,  aiiri  Wiindriberk.  Thew  lilii-  f^ 
join  one  iinolher  »to  elo^ely  thai  there  m  no  vi-sihlc  linv  of  d>.'iniLrkali"Ot 
and  in  a  geo^^nphtcal  ^en^c  tliey  may  be  n-gardcd  nr  one  pliictt.  1b 
one  int)Mii1anl  n^iliect,  however,  the  three  jdaees  differ  verj-  uiateriall*; 
nnnielv,  ihi-ir  imhlic  witter  pii[i|)li('!<,  WaixUhivk  wus  Mipjiliiil  ">''' 
fllteivd  witter  from  a  lake  hut  little  suhjeirt  to  pollntiun  ;  Alloiiadrrf 
lipoti  llic  KIIh-  nt  11  jtoiiit  Ih-Iow  the  eiitninei*  of  the  .sewiigt,-  of  Hiinilm'ft 
htit  filtered  the  water  through  Kiiiid  ;  Hamburg  UHcd  unfillereii  «si»r 
from  ihe  Kiln-  tiliovf  the  eity.  During  the  summer  of  18H2,  orl*!*''''' 
Auj-tist  ITlli  mill  OrlotKT  23d,  Hiiiiilnirjj,  with  a  |Miimliiti<<n  "' 
640,0(HI,  liiii]  marly  17,000  cases  of  iliolera.  of  whieh  slif;lilly  nui* 
tlian  half  teniiiniiteil  riitully  ;  Altoim,  with  a  ])o|mliitioii  alHiui  ii  4iiiit^ 
as  lar^,  Iiatl  l>ut  500  cajtee,  or  only  om-thirty -fourth  as  msnr  (W  *■ 
liii-Me  are  Mi|i|iiK>i'd  to  hiive  funic  from  Hamhur);),  and  WiiiHlsbeol:  W 
(mietienlly  none.  Very  notiwjtble  wsk  the  fact  thul  wln-iv  Hariil""? 
and  Altoim  i-oui<'  lo>;etlnr,  the  Ibimhui^  side  was  |ileiilifiilly  ii]>rint''" 
with  caww,  while  the  otliiT  wjis  coiniiiiratively  frtv(«x'  Kin-  3ti|,  *['^ 
thirt  was  still  more  piiiticiTlarly  ivniarked  along  ii  certain  strwt  tte^* 
n  <list;uiec  formed  the  honiidiiry  line,  in  whi>'h  the  Iioiihiv'  on  tlie  Ilv"* 
hiirj;  side  had  plenty  nf  cai^i's  nnil  thoce  op|Htfiiir'  hail  none.  AIbk*'  ** 
thoiijrii  intended  for  the  purjioi^e  of  niitrkiit^  yet  more  cliarply  llie''* 
(ribution  of  the  two  kind:t  of  water,  it  liap|H-nc4l  that  a  group  of  W'"' 
inent  housee  on  the  Hainhui^  Kide  of  the  boundary  wii«  Miip]ilii?d  «•" 
water  from  the  Altona  niaii»,  und  in  theNO  hoUM-s,  demtcly  peoploii  ^ 
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rtJi*^  Inlyiriiig  plus*,  not  a  single  otwe  oocurrpd,  while  in  neighboring 
hoii^-ii  thf  (tiswiw.-  was  rn;;iiip. 

Tims  wi'  havi'  a  must  olixjiifnt  instame  of  thp  value  of  sand  filtm- 
tiou,  and  iif  iIk-  danger  "('  ii--«iiig  jHtlliitiHl  ."-uppliw.  HaiiiljiirgV  itii- 
Rllcrcd  water  came  fniin  aWive  the  city,  while  ^Vltnna  had  to  ile|)ciid 
ui«iii  wjitcr  nliii'li,  bflon-  tK-iiig  filti-ri-d,  had  reix-ivcd  the  »-[itiro  H-wiigir 
of  ninre  than  lhr«>r[Uiirkr^  of  ii  tnilltim  (K^cjilf.  The  initial  s^x-eilic 
{Milhitioii  fff  the  rivtr-wattT  was  trawnj  hack  u>  Uns,-iaii  fini);mnt.i, 
herded  in  barracks  on  oik-  of  the  wlmrvtw  [K-nifing  their  eiMlwirkatir>ii 
fur  the  United  States.  At  the  time  of  the  ontbreak,  there  were,  on  an 
avcmpL',  ahuiit  a  thousand  <if  thc^u  ]H-ii|th-  on  li.-tiid  all  tht*  litni:  Many 
of  tht:n»  eaine  from  dislriets  in  Riu^sia  whit-li  had  hefn  and  were  tlien 
sufTering  sevcn-Jy  fi"i>rii  cholcm,  and  all  were  woU  nugijilicd  with  dirty 
clothing  and  hiankcti;,  some  of  which  tht-y  wa^ihtil  wliile  they  wero 
bving  ilotained.     It  in  believed  that  among  the  thousands   that  had 
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'  PnrtlOD  at  tho  tumuiliiry  Uuo  btttwiHin  Uainburg  kdi]  Altuna.   Tbo  dou  Indlcalc  ouo  or  cbulolK. 

arrived,  there  miittt  have  been  .mime  mild  eases  of  itio  dineaso,  or  at 
Iwuit  noiiic  convjdewents  with  cholera  Kcmiif  still  in  their  cvacnalions 
two  iir  three  week?  after  rii-overv.  All  of  the  sewage  nuitt«'rs  of  everv 
discrijitiiin  fniiTi  ihcsi'  jMiipic  wcR"  disclmrgi'd  directly  inln  (Ir*  river  at 
the  wharf, 

AVith  the  exception  of  a  few  Htniggling  enscis  thciv  wri.*  no  cholera  in 
I'IiIrt  of  the  two  citic.-*  from  Octol>er  2;Jd  to  Deceniher  (Sth.  when  a 
email  outbreak  ocenrretl  in  Hambiii^.  This  rwirhcil  its'  culminating 
piint,  ■'}  fnii.-»  in  one  day,  on  the  iOth,  and  then  tlic  iH-iwiw  licgim  to 
mippear  in  Ahona,  Imt  imder  veri*  dift'erent  conditioms  from  those 
which  chamrteriw*!  ihi-  epideniii;  in  August.  Of  the  -'OO  &ut^  winch 
then  occiirrci],  alxrtit  40f)  were  connected  in  one  way  or  another  with 
Hamburg,  bnt  in  the  later  outhrenk,  most  of  the  paticntt*  wen-  of  the 
wcll-ti»-il(i  clajis  of  workmen  whoso  oivu|«ition  did  not  oidl  tiicin  to 
Hnmbnrg — women,  young  children,  inmates  of  hospitals,  and  others 


liaving  im  rt^iuton  1o  go  tlwrv.  OoiiMillalion  of  the  n.-eonJs  of  bi- 
U<riolugi(Tu]  i-xiimiiii(tiuD  of  the  Altona  liltenxl  water  rOioweclxH  iin-mw 
ill  tli<-  firwl  wit'k  of  DiHiriHlxT,  ami  iigiuii  in  tin-  lii-t  diiv!.  nf  ilmi 
Itiiinlli,  :iii(i  III  iiUiTviib  ill  Jniiii:tn',  wlitdi  mdicutetl  tL:it  miiuc  dintur^- 
ante  must  huve  occun-ed  in  the  W")rkiiig  uf  the  fillers,  liivi^iigjiiiufi 
biioueil  when'  Ilie  iimlt  liiv,  iind  nUo  iU  itiitiin- ;  iIh-  t^iirluee  of  llie  siml 
htwl  Ijeeii  frown  tiutler  the  mild  byer,  and  had  tiuiwe<)  over  only  »  pwi 
of  it»  area,  ^n  thai  the  whoh-  u-i»rk  i>f  tlic  lilu-r  wiis  ihniwii  tijoiiti 
imrt.  "I'hf  ini|H'rf'.'ct  workiufr  in  early  PteeuiWr  was  not  fuIU'wtJI'v 
eholera,  for  at  that  lime  the  river  wa.-  |>ni<-tie»lly  fn-v  fo>iii  iJjc  ptrn*. 
Then  ntnw  t\w  fuvr  new  «ww  in  I^lanibitrg,  27  iti  numher,  uiiil  rriii- 
feetiou  of  the  lOlhe,  followed  by  faidty  «Yirking  of  the  Alloiut  (ilhi*, 
and  tiiiisKjucnt  di'trilHition  of  it  sniiili  imtonitt  of  infeelive  niiUiml 
thronj-h  llic  water  niaiiiH.  The  orftaiuwni!^  were  found  in  tin-  Waier  jiul 
hcliiw  the  imiiilh  of  ihe  niaiii  n-wcr  uf  H.'iiiiliiirg,  itnd  iihtu  in  uii«()f 
the  Mottling  b:L«inf<  of  the  filler  phint,  Mhei-e  the  water  atitod  prior  I" 
deliverj-  to  the  bedn, 

TI19  Propagatdon  of  Cholera,  in  India. — A»  lia«  Ihvh  t^tated,  tlk-  li'^JO'' 
of  choh-ni  i^  liiiliu,  and  «■  Iiitig  as  the  Dalive-^  tire  fiiilhfiil  lo  tln'Jf 
nlijfion  and  to  the  oliwrvanee  of  old-et'tHbli^heil  eilittouiii,  jiwt  .it-Mg 
will  lliat  coiiiurf  «ii{>])ly  ihe  rest  of  the  worUl  with  oecasionul  iDfcrti™. 
Omsidmiig  tlie  cslix-ine  piin»^Tvatisni  of  nil  e]»Ki<e»  of  Enul  Indtaiu^inil 
the  niitional  reveiviKe  of  the  Ilindtms  for  holy  plaees,  it  niJi)"  Sh'  «^' 
to  pniliet  timt  iM-foif  niiy  iimrked  I'haiige  for  tln>  in-ttiT  is  ncniropli'iwl. 
the  refit  of  the  pivili/*tl  world  will  have  advaiioixl  «>  fur  in  suiiwiv 
nffaii^  tliflt  eholera  will  be  fiiirefl  no  more  than  vaneella.  As  ilhwint'*'* 
of  whiit  sinitiirj'  n-fornt  in  India  would  Iiuvc  to  cnwiimter,  tlw  Inlli"''- 
iiig  extracts  from  the  i-oinirt  of  Dr.  Kimmonn,  qiioial  by  Prtifiw*'' 
Mhnoii,  will  \k'  foiioil  of  interest.  It  niav  he  stiiti-d  bv  wiiv  ef  ex* 
planatioD  that  Orif^iia,  below  mentioned,  ic  a  jiruviuee  eovi-riiig  nmn 
tliau  24,000  w[iiare  niih'^,  i-\'erj'  )iiin  of  wlneh  is  holy  gmnnd.  Kirfj' 
town  contniiiM  eoniiccnitoil  hind  and  i»  filletl  with  teni|>Iot,  audt^**? 
little  hamlet  has  its  Bhrine. 

"  The  drink iii^-water  supply  in  deriveil  from  wcIU,  MMadhsl '  iwili'' 
or  artificial  ]»nds,  and  Ihe  water-courses  of  the  eounlry.  Tlie  *v\\* 
geiienilly  n-.^emhle  tlioTH-  in  other  jmrl,"  of  A»in,  Tin*  tiink.1  iio'  I'l"*" 
vationK  made  for  the  pnr|>iwo  of  eiillwiing  the  surfiiw-wiili-r  ditrin)!  o"^ 
rainy  season  and  sioring  it  nj>  for  the  liry.  Neeiwsurily  they  arc  «^ 
«tii|;nant  j»ool:<.  The  wnk-r  iw  OH^d  not  only  I4>  i|iirnoh  thirst,  hut  i^ 
eai*)  to  l>e  drunk  as  a  snt'Oil  duty.  At  the  same  time,  the  nrw'TO'if 
wrvw  us  n  liirj>.- n'liwhinjj-tuh  for  clothe*,  no  matter  how  ditty  <if '" 
what  soiled  condition,  and  for  jwrfional  bathing.  Many  of  tlw  **'*' 
coiirs<>s  are  saeriil ;  noluhly  the  Ortitges,  ft  rivi-r  l,fi(>0  mile;'  km).'-*'' 
whoisf  water*  il  i»  the  nli^iion* duty  lor  niilliun^,  not  only  ot'  th'ii- lii"""! 
near  ilt«  banks,  hut  of  pilgrimis  to  liaihe  and  to  cast  their  dtiiil. 

'■Tilt'  Himhio  ennnot  In-  miide  lo  uw  n  latrine.  In  tlweilim  l»e'!jK» 
a  hole  in  his  habitation;  in  the  e<iuntn-  he  seeks  the  fiehls,  the  W"' 
eidc^  the  luink^  of  .'<treaniR  and  rivers,  ivhen  obliged  to  obey  thf  0"t 
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of  luiturc.  HcD«'  it  i»  tliat  the  vicinity  of  lowiis  and  the  banks  of 
ihf  tanks  and  ivater-cmirses  are  reckiiijr  with  filth  of  thp  worst  de- 
scription, whifii  ix  (if  iicwwitv  wished  inlii  tin-  [nihlif  water  :tn]iply 
with  every  rainliill.  Add  to  this  tlit-  uiiserj-  of  pilg^rims,  their  [mverty 
and  disouf,  anil  thtttr  icrnl>h-  orowdinc  Iiiln  ilic  niiiiicrcuin  towii« 
whii'h  Goataiii  some  ttrmplc  or  shriuc-,  tht-  ohifcl  of  their  devotion, 
anil  wv  uin  »0(>  how  India  han  become  and  rentain.'*  the  hot-lx<d  of  the 
cholera   epidemic. 

"  In  the  Unitixl  Statos  official  report,  tlie  horrors  incident  upon  the 
pilnririiaRfS  are  detailc-d  wttli  apjNdliiig  niiiiiiteiies*.  W,  \V.  Hniit<T, 
in  his  Oriswi,  titates  that  '2i  hiyh  fowtivaU  take  place  aaiiimliy  at  -luji- 
gcrnaut.  Al  iinc  nf  them,  ahoiit  Easter,  -10,000  [r.t»iiiii>  Indulge  in 
hemp  and  hasheesli  to  a  shocking  degree.  I'or  weeks  before  the  cur 
festivul  in  June  and  July,  pilgnnir<  coitit-  tmoping  in  by  thousands 
even,-  day.  They  are  fed  by  the  temple  cooks  to  the  number  of 
90,000,  0\'i-r  100,000  men  and  women,  many  of  them  nnaccunt^imod 
to  work  or  exposure,  tug  ami  stmin  at  tlio  «ir  until  they  dnip  ex- 
hausted and  block  the  niad  with  their  bodiex  Purinjir  every  month 
of  Ibe  year  u  ntn^itn  of  devotees  (lriwj<  iilim;j  the  preat  Ori*sii  niad  from 
Calcutta,  and  every  vilhige  for  three  hundred  railee  has  its  pilgrim 
vnumipmenlTi. 

"  The  people  travel  in  amall  bands,  which  at  the  time  of  the  great 
feast'*  actually  timeh  iwh  other.  Fivc-sixlhn  of  the  whole  are  fiiiiiiUw, 
and  1*5  per  cent,  travel  on  foot,  many  of  them  marching  hiindreils  :ind 
even  tliuiiNiiiil.'S  of  inili'.'i,  u  I'oiitiii^.'Ol  having  been  dnnmned  up  t'nmi 
even.'  town  or  village  in  India  by  one  or  other  of  the  three  thousand 
«nii>s)irici^  of  the  temple,  who  scour  the  ciinntry  in  all  dinH*tIoti.s  in 
search  of  du|>e.'f.  When  those  pilr;rimit  who  Iiave  not  dtcd  on  the  rrud 
arrive  al  lln'ir  joiinn-y's  end,  emaeiateil,  with  fti?t  Ixinnd  up  in  rap*  aiid 
pla^tcit'd  with  mud  and  dirt,  they  nisli  int'i  the  »oereil  tunkf*  or  the  w^, 
and  cniei^-  to  dres^-  in  elt«n  garments.  Disease  and  death  make  ha%oc 
with  (hem  dnring  tlicir  Hay  ;  corpstw  are  buried  in  holeit  serxijKfl  in  the 
sand,  and  the  hillocks  are  covered  with  iKineti  and  skulls  washed  from 
tlicir  sliullow  gnivi.'s  bv  rbi-  Irnpieal  rains, 

"  The  temple  kitchen  hac  the  monopoly  of  cot)king  for  the  mnllitude, 
and  pr(i\-ides  foiwi  which,  if  fresh,  is  not  unwholes<iuie,  I'nhappily.  it 
it)  presentwl  iK'fore  Jnjfgiinant,  so  becominji  t'X)  «icrcil  for  the  minntc^^t 
portion  to  lie  thrown  away.  Under  the  inHnence  of  the  heat  it  soon 
iiiiili-rp)(w  [nilii-tiielive  fennenlntion,  iiiid  in  fortv-clfrht  hours  nnieh  of 
it  is  a  loathsome  mass  unfit  for  human  foi.id.  Yi'l  it  fornis  the  chief 
sn.'ittinannc  of  the  pilgrims,  and  is  the  sole  nourishment  of  llions.indH 
i>f  bt^rgan.  Some  one  eats  it  to  the  very  huit  grain.  Injiiriotis  to  the 
robust,  it  is  deadly  lo  ihc  weak  and  wayworn,  al  least  half  of  whom 
mieh  the  ]>1a(H.'  KiiUV-i'ing  nuder  >^<>iik-  I'orm  "f  Ixiwel  complaint.  Itsidly 
us  they  are  fed,  the  poor  wivlches  are  worse  I'Mlged. 

"  Tliost-  who  Iwve  llie  lemporary  sheller  of  four  walls  are  housed  in 
hcn'cis  built  nyma  mud  platforms  about  four  feet  high,  in  the  center  of 
eafth  of  which  is  the  hole  which  reeeives  the  ordure  of  the  household. 
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and  around  which  thp  iiiniatefi  cat  and  H\wp,  Tlie  ptatronna  are  rcivera 
with  imull  t^'Un  withotil  uiiv  wiiidtiUA  (»r  otlicr  ujMiliinv  Ttir  v<-nliluliui^ 
and  in  tlii'^c  aiven  the  |iilj;nin»>  nrp  |Hiokiil,  m  :t  cotintn*  where,  dim'iijf 
fti'von    iiionth.4  ont  dI'  iwclvr-,  iho   therm  on  leU-r  iiuirk.-    fniin  So"  lo 
100^  V.      Hiniter  ki}>  tk-it  Hie  m-oiie*  of  aijiMiy  und  MilTocalinnt'iiJciiiJ 
ill  these  hidetnL"  dc-ns  bailie  dewriplion.     Iii  j^ouie  ol'  ihe  l)eKt  of  diitii, 
thirtwit  feet  I'Hif:  hy  ten  i'wl  hrt'Sid  lunl  ."ix  and  <>nt-liidf  high,  n*  iitnny 
a>-  eighty  |ier!Honf^  jklsi-  the  nighl.      It  ii-  nut,  then,  hur|>ripiu|;  (t>  l«in 
tli.tt  the  Meneh  1.4  ovei-|Mi«<Ting  tiiid  ih*'  lu«t  hke  t)ml  urui)  oven.  TN' 
300,000  who  vif'it  Jiijyienniiit  in  «>»e  Mason,  Wl,0(Kt  are  oft.-ii  pocliMi 
tngifilmr  lor  a  week   in  o.Odi)  nf  thii^  Itxlgiugs.     In  ci-naiii  waKHN 
]iowv\'er,  thu  deviHee^i  mil  and  do  flifp  in  ihf  njK-n  air.  ejiiiijun^  iwl 
in  regiments  and  Kittalimiet,  covered  only  by  the  flame  meagtv  n«ii« 
yHrnients  tiiut  cluthe  tlieni  by  day. 

"  llie  heavy  dcW"  nn'  miheuhhy  ciioiifrh  ;  but  l!ie  givat  feetiral  fiilis 
at  llie  btminiiin^  of  the  ndiix,  when  the  wnter  tnnddc.t  in  fohd  fhtt^ 
Tlit'ii  hineH  it  ltd  alleys  arc  oiiiiverlcd  into  torretitf  or  stinkiiif;  cuuls 
ami  ilw  ]iilgriiii»  aiv  linven  into  the  vih-  tetifineiitw.  Choiera  tiivarin'ily 
lui'iikH  ont.  Living  and  d«id  are  hiiddkil  loj^-lher.  In  the  ulllm■^™' 
so-called  eoi-ii-ic-fieldf  around  llie  lowii  ah  many  as  forty  or  lifty  hiJii^ 
niv  «i-n  «l  ti  lime, and  viiltiiiei'  >it  and  dogw  h>niigc  limly  abiHil  ffltfyi 
with  human  flesh,  tn  fai'l,  there  is  no  end  lo  the  reciirrenc«  nf  inn- 
dentrt  of  misery  iind  hiniiiliiitioti,  the  hornn-c.  of  whieh,  .-iiys  liie  V»\i<f 
vf  Cidciittii,  are  unutlendile,  hut  which  an  «rli[i»«il  hy  tl«w^'  nf  ih* 
Peliim  journey.  I'hindeiX'd  by  i»rie.tls,  tlefci-*!  hy  landloiil*',  llii'  ^'* 
vlving  victinii!-  rt^'l  homcwaiil,  Maggeiing  under  ihi-ir  bnixleiw  of  \>aviA 
food  wraj»|>«><l  lip  in  dirty  clotlies,  or  jiacked  in  heavy  haskfl^  or  nirt^ 
ciiwiire  jiirii,  Everv  ^^i■eanl  is  llondrd,  nnd  the  tr.ivellers  hiivpwftfOt* 
sit  for  days  in  the  rain  <)n  the  b:uik  of  a  river  liefoiv  a  ho«l  will  veitHit* 
to  cnwti. 

"At  all  these  points  the  eafp«*  lio  thiekly  stn-wii  an>lllid  (nn  Kl(f- 
Hwh  Iraveller  <iiiin(*>il  finrty  chw  lo  one  ferry),  which  »i^-<Hnit»  fortlie 
picviileiKH'  of  cholera  on  tlir  Iniuks  of  bi-onk*,  •iri'iini*.  niwi  rivi'ftv 
S) me  poor  crcjiliin:w  dri'p  .iml  die  bv  the  way  ;  olln'i>  ci\iw<l  iiil"  i'"" 
vilhip'n  and  hiilliiig-plim?-  on  ihc  I'oiid,  wlieiv  thoM-  who  gain  mlmil- 
tance  i-mm  the  kMlgiiig-jihices  to  ovcr-flowiiijit,  and  llH>iiHintU  jw"  •!"' 
night  in  the  ^Irwt",  iind  fnid  no  cover  from  llic  drenching  »liinii^ 
Gron|>f  arc  Inuldlwl  under  tln'  Inv  ;  Ion;;  line*  ar«'  '>1n^el||■d  nm"<iK 
the  «irts  and  hullmk-  on  ihe  ro:id^idc,  llieir  h^iir  salnrainl  wilii '»* 
mud  on  whidi  they  lie ;  liniidn-<l«  i!>tt  on  the  wet  gnt-B,  not  darini:'" 
lie  down,  and  rocking  themselves  to  a  monotonoii^  cliiml  (hn«i)ci) '''^ 
long  hours  of  the  dnwry  nighl. 

"  ll  i«  int]MJ!wihle  lo  conipnle  the  shmghtcr  of  thi"  one  piljinii'W'" 
Bit^li'ip  Wil«un  wtiniaten  it  jil  not  Ic^h  lli;ni  o(l,0(HI.  And  tlii-  di^"!*" 
tjon  might  Iki  u**-d  for  nil  the  glint  Indijin  pilgriniageis  of  which  i^"! 
nr^-  pnilubly  a  cloxen  anmully,  to  say  nothing  of  the  Imuihtth  >* 
snuiller  ^Jmiieo  Mslicn-d  through  the  penin>ti)n,  cnch  of  whii'h  >'' 
tmis   itit  minor  honlos  of  rrcthiloiis  votiirit,-*.     So  tliut  cliolrni  In* 
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sltiindnnt  o])|x»rtiinitiei<  for  fipi-eadiDg  over  thi>  wholi>  nf  HindiMtHR 
evorj-  year  lij*  many  hup'  ariiiic:^  ni"  t'lltliy  {lilgriniit;  aiul  tJic  (.•minUy 
itMrlf  well  iU-!4t>rvfc*  the  rtrpittation  it  iiiiivfrwilly  ptJSHCsaes  of  being  the 
birtiiptave  aiiil  t>cttkiJ  \wmc  of  lliu  iiiiilii(ly." 

Parasites  and  Drinking-water. 

Tiii're  is  iibiin<l:iitt  fviilfm^i-  of  tin-  agi-m-y  of  drinking- wafer  in  the 
spread  of  ctriaiu  of  tbo  aniinal  punu'itcir,  but  with  rt';f|>ii(;t  to  certain 
ntti(-n(  die  tlungcr  is  muob  over-rated  (taiit— womis),  or,  indeed,  iniag^ 

ry  (trichina'). 

~iouud  H-.irms,  Asc&riB  Inmbricoides,  iiridouhlwlly  are  sprrad  in  part 
i)v  wattT.  Th«  fcmaiu  dcjxwitj*  niorni'iiis  niimlwr:*  of  I'gjfs  in  ihi-  :«iimll 
intoiitine,  and  these  art-  exiwlled  iu  the  IWt*.  \\'Iic|(kt  iIjc  freshly 
iliscliuTgv«l  (^gr»  iin-  aifxtliiv  of  n^|iroduci]ig  tlie  uorm,  \\r.  a  matter  of 
doubt;  but  it  floems  probable  that  tho  iiitcrvr-nlion  of  aiiolht-r  host  18 
m-f^t-rviary.  Whcn-vi-r  thi.i  [mni-iit^  in  known  to  prevail  e\teii!iively,  the 
pc'ipic  uw  pullut^tl  water  for  lirinkiiif;. 

i'in  wonus,  or  final  worms,  OzTuris  vennicnlailB,  are  eprend  probably 
by  vMxT.  nioy  Iwwl*-  in  tJio  ca'ciim  and  uppc^r  colon,  whore  thi-  female 
de|K>i^it«  ejjgfi  in  large  munlwrfi.  whic-h,  raiohing  a  water-supply  afttT 
bfing  di!'! 'barged  ihrongb  llu-  bowi-l,  m.iy  bi-  liilo-n  into  the  stomach, 
where  the  envelojx.'  of  the  embni'o  i«  ilisintegnited  by  the  {piitric  juiw. 
The  larvie  develop  in  the  small  intestine  and  come  to  maturity  in  about 
four  weeks. 

Guinea  wortnx,  Bmoiineiilua  medlneUBis,  nre  tuiid  to  invade  the  liivly 
throtitfh  the  «kin  during  hiithinj,'  or  Ihroujih  the  stomiieii  in  drinking- 
Vttlcr ;  the  I'vidi-nei:-  of  the  latt«T  mtthoil  ifi  tietinite.  In  the  stttniaeh, 
tbe  einbryo!*  nre  develojwl  m|iidly,  and  mum  the  impregimt^^'d  female 
proceeds  iritm  the  alimentary  canal  to  the  subcutaucouA  tissues  in  vatnoua 
]wrl«  of  tln>  IkmIv,  wlion-  she  finally  br«ikw  through  thi'  nkiii  and  (•»i'jii>e«, 
The  living  embryos  whieh  are  then  liljenit<'d,  finding  their  way  into 
fresh  water,  iiitJT  the  iMMlie-H  of  thi'  eoninion  fi-e^h-wiiti-r  flwi,  (V/c/oyw 
ipuidrimrniii,  which  iwt)'  II;*  tlio  intcrmitliate  hot-t  and  conveys  the 
organism  to  the  himian  stoniach.  In  a  ease  n'|HirlHl  by  Dr.  John 
I'atlt-rson,'  the  |iatii'nt  Imd  an  nliM-ew  on  the  np[)er  [mrt  of  the  left  tibia, 
from  whieh,  when  it  wa*  excised,  a  portion  (4  inches)  of  a  worm  was 
removed.  l<iili-r,  hi-  had  :in  abwisM  an<]  sinus  ol'  the  Ml  wdf",  followed 
by  a  swelling  Iwiek  of  the  inner  malleohn',  and  in  this  a  portion  of  a 
worm,  25  inches  in  length  and  devoid  of  a  heail,  van  found.  Dr. 
Eilwrird  Kninc'is'  hail  under  observation  for  hx  weeks  at  the  U.  S. 
Immigrant  Ilo-pital  (X,  Y.J.  a  native  of  thi-  Gold  Ciwst,  who  arrived 
in  JunR,  1001,  with  n  hi-^lorv  of  having  been  Ironbleil  with  thivK'  |i(ini- 
"iteii  during  the  preeetling  three  months.  Puring  his  stay  at  the  hos- 
pital five  worms  ap[H>anxl :  one  on  the  front  of  the  right  ankle,  one  oo 
the  dorsum  of  the  right  foot,  one  on  the  fnmt  of  the  left  ankle,  one 


'  Modiml  tUeord,  < Mfihcr  7,  IS99. 

■  Ajuerlcaa  MmH(^!i>c,  t^clnbtr  'JO,  IWt. 
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below  the  left  external  niallcoltiii,  and  one  on  the  dorsum  of  the  left 
fmit,  m'«r  tliv  Umuc.  One  worm  pri'senti^  '2fi  inehefl  in  one  piece;  the 
others  nic!i(iun.tl  10  to  IS  lufhts,  but  wtrt-  ri'movwl  in  p>cr«:«. 

Wbiji  worms,  Trlchocephalus  dlsp&r.  ^vliiih  are  said  lo  be  extremely 
commou  in  I'aris  and  'ioiiif  utlicr  (>la«c(^  otitsiilt-  tlir  triiiii<w,  arc-  e|in»() 
wholly  by  water,  without  which  the  embryo  cannot  ile\'elop  within  the 
i<^.  Tiikcn  into  the  ^l<lnllu■h,  the  i'nvelo)>o  in  dii^dvi-d  and  the  lilwr- 
ated  larva  attiiche^  iti>elf  to  the  wall  ol'  the  intestine,  where  it  proceeds 
very  slowly  to  deveJop.  It  does  uot  reach  full  niikturity  until  about  a 
year  luu  cla[)»ed. 

FU&ria  sanguinis  bominis.  the  panii'ite  whieh  produera  chyluria,  hwma- 
tocbyluriu,  uiui  elqjliiiiilin!«i>,  is  iK-iievwl  lo  find  its  way  into  th«  svittem 
through  water  etHitaniiuated  by  niosijuitoes  which  have  stickcd  the  blixxl 
of  jR-rsoiis  MMil'iriiig  from  the  ]iiirafiiu-.  Ttii-  adtdt  I'l-malt;  piixlnw*  an 
enonuouti  number  of  minute  enibi^'oe,  which  pu^$  into  the  bhxxl ;  aud 
when  the^e  are  taken  into  the  stomach  of  the  mo(<quit»,  they  wantter 
to  other  [wirts  of  the  inset^t,  wheR-  rjicy  W'conn;  farther  i level niwl,  and 
later  may  l>e  transierretl  to  water,  through  which  they  are  believed  to 
jMKt  into  the  huninn  stoiiDich,  vk  here  (he  oyle  tr>  eonijiU-ted.  'nit:>  |iara- 
»ite  {»  Dot  eonfineJ  wholly  to  the  trupicE,  and  ocenaiooally  in  eeeu  in  onr 
Southern  States.     (See  Chapter  XII.) 

Bllhanla  hmnatobia,  the  eiiiiKc  of  u  {K'ctiHar  tiH'inattirin  common  in 
partii  of  iViVica,  i-i  believi<l  bv  manv  to  be  trani^milted  by  drinking- 
wiiter  eoiituminntetl  by  the  iirlne  of  {lersonii  sntl'i-rinfr  with  the  di.^ittse. 
The  embri-os  proljably  enter  the  fyj'tein  of  some  other  organisms,  which 
play  the  part  of  iutermwlinte  hosts  and  wivanec  their  development  one 
8taK--. 

Attchylostomnm  daodcnole,  the  cuiiw  of  nmemia  nhwrved  in  the 
workmen  of  eenaiu  mines  and  in  the  men  cnpngeci  In  driving  tt»c  Si. 
Gothard  Inniiel,  id  j»roljably  dla^minated  ehieJly  bv  polluted  water.  It 
produces  extreme  anicmia,  digi»tive  distin'banct'^,  and  hemiirrlingitw, 
and  ih  the  cniL^e  of  conaiderahle  mortality  in  l^^A'pt,  Btiixil.  the  M'est 
IiMlies,  espcriaily  Porto  Kieo,  an<i  in  !*ome  iiari.-*  of  Italy  and  ()ther 
countries.  The  parasite  is  a  minute  w<)nn  which  atim-hi'^  itfi-lf,  wiine- 
tiinex  in  enonnout*  numbert^,  to  the  villi  of  the  upper  part  of  the  small 
intestiue>  thn>u(rh  which  a  coiu^tnnl  <lrain  in  made  on  the  b!o«xl.  The 
e^^  are  discharged  from  tlie  intestine  in  llie  fieee»,  and  are  taken  into 
(he  M'nteni  nf  new  vietiins  timiugli  the  drinking-water.  ,\ccoTtling 
lo  Dr.  Carl  Tinm-,'  the  larvic  arc  found  rcgtilarly  in  llie  dinig  of  horsiv 
ii*«d  in  ihe  mines  at  Jlrennberg,  in  IIungatT.'.  and  alto  in  great  numbers 
on  the  timbering  in  llie  minw,  nenr  the  ore  jhu^s^^to  where  the  work- 
men put  their  Itands  to  steady  themselves.  This  suggests  the  possi- 
bility of  <lire(rt  infection  through  food  conveyed  to  the  mouth  by 
unwashed  hands. 

.\nother   jjaraftite,   Rhabdonema    iatestdnale.   which   csuscb   intense 
auirmiu  and  enteritis  with  peniUlent  diarrhteit,  'm  very  common  in  the 
West  Indies,  Brazil,  Italy,  and  other  tropiml  »ii<l  subtropical  countriM. 
■  OntMnlelilBdir  8anit<.i«>»cn,  IdbH,  Xv.  42. 
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H  It  19  a8»ociaiecl  tWiiioiitly  with  An-rkylostonium  diiodenale.  The  female 
H  in  thi:  inti-jiliiif  |>riiihi<'«.^  luiurmoii.i  uiiihIkts  of  vfTS^,  wliicli  hiitvh  iu 
H  the  iutcfltiim]  canal  and  are  disL-Iiargetl  to  the  extent  uf  thousaiidii 
H  every  d»y. 

K  lOE. 

^V  It  i«  n  common  idui  that  ic^-  i.<  ntx.'osKunly  pure,  bocaiue,  in  freezing, 
H^"  water  purifies  itaelf."  Ice  may.  however,  he  quite  as  impure  as  the 
^^hnguml  u'uter  or  vurv  pure,  nininliii^  In  t'irvuiiiNljiiK!ei<.  The  tirxt  fur- 
^BlfclKtion  is  quite  Ukcty  to  cjutaiu  inipuritiei;,  such  as  the  duiit  and  uther 
H  matlertt  flanting  on  tlie  surface.  Lnder  ordinary  (!(>n<litinnii,  the  im- 
H  puritit«  will  be  liniiknt  to  this  luycr,  for.  in  the  (jrowth  of  the  iw  from 
H  above  downward,  all  but  traces  of  dissoIvtMj  i^nbHtances  an<l  practically 
H  all  of  the  »ui^{K'ii<l(.-<)  mutters  nro  exehidi.s]. 

H       Ice  may  become  impure  in  several  ways.     If  Kiiovr  falls  iipon  it  and 

H  become.^  wet  either  hy  niin  or  by  wuter  from  below,  and  then  freeze* 

and  becomes  part  of  the  ice,  tt  will  contain  all  the  impurities  which  liuvc 

been  washed  out  of  the  air.     If,  whik^  the  i(!e  is  thin,  holes  are  cut  so 

■  ai*  to  ]K'riiiit  tliiodiiiR  from  below,  it  will  cuntain  ull  the  impnrilies  of 
the  water.  Cut  from  .shalloiv  jmndfl,  it  will  be  pure  or  impure  aocM:ird- 
ing  to  the  qnality  of  the  water  on<l  the  depth  to  which  it  freeKes.    ^V'ut*T 

•  from  nuch  |»nds,  if  polhitol  by  snrfaoe  wa.->hinKs  or  sewajKe  matters,  is 
likely  to  yield  iw  wliiih,  wln-ii  nu'lNiI,  will  ^Ive  nfV  "I!e».-«ive  tnliirs. 

It   is  a  c'tmmon   belief  that  bacteria   are   killwl    in    ice,  hut   many 

varieties  will  n-t;iin  their  vitality  in  it  for  a  very  loiij;  lime.     A*  early 

\ms  1871,  Burdon   Sanderson  showed  that  even  the  purest   ice  is  likely 

to  eontiiin  tlieiii  in  Mitm'  decree.     Chanieine.'^.-H-  and  Widal  ]iriiviil  in 

1882,  I'rndden    in    IX«7.  and  Riehe,  Frankol,  and  others   at  different 

'times,  that  jwlhotreiue  baeieria  may  maintain   ibeir  vitnlity  lo  u  «nr- 

I  prising  degree  in  ieo,  .^nd  tb;il  the  iMieillus  of  typhoid  fever  i»  (Hirtieu- 

[larly  resistant.     Prudden'  showed  that  ice,   made  from  water  which 

atained  them  to  an  innunierMbIc  extent,  yicldwl  at  the  expiratiou  of 

103  days  no  less  than  "..'148  per  cc, 

Baeti^ria  an-  ii-^islanl   n<H.  only  to  the  onliniiry  low  leiniH-mtna-  of 

ice,  for  I'ietct  and  others  have  proveii  that  even  the  estniordinanr  cold 

of  liquefied  air,  — .'tl-i"  F.,  is  not  snfheieni  to  destrov  them.     ()n  the 

—  other  hand,  .^-dgwie-k  and  Wiiislow,' W.  H.  I^irk,' and  H.  W.   Hill.' 

^B  who  have  made  iudc|teudent   inve-^tigationn  of  the  pos.-ible  danger  of 

^^.Jee  as    a    eiuiM-  of  oathivaks   of  tvphiad    fever,  agree   that    it   is   bnl 

^■sl^rht.     Sedgwick  and  \\'in.«low  found  that  the  bacilli   [>crish  rapidly  ; 

^poO  per  oeiJt,  at  the  end  of  the  first  week,  HO  jx-r  cent,  in  two  weeks, 

and  practiciilly  all  (2  or  3  in  1000   rt^mained)  al>cr  twelve  weeks.      It 

b  pointed  out  by  the  several  observei-s  named  that  the  majority  of 

Imcleria    in  wal^T  an'  eliminateil    iti  the   pnieess  of  freezing;  tliat   the 

majority  of  those  inchidetl  die  within  a  few  weeks ;  that  the  bacteria 

>  Mcdicnl  Iloconi.  Mnrrh  2fi,  1887. 

•  .\l»(mi-t  in  Mfrne  Spicmifl.[iic,  A|iril  3H,  1900. 

■  J(uini;il  I'f  ll»'  H<"i(rm  Smwiv  iif  Mnluiii  Si.'ieiu-«i,  IV.,  ji.  213. 

'  Buxton  Mnlk'al  aiid  Siir^iuil  Jouli'nl,  NovvnibtT  ^1,  IWl. 
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ill  ice  nrr  oonimonly  liiimil«cta  in  cbftrnder ;  and  that  cities  wluL-b  m 
iw  fmni  [K>lliitc<l  »tJt'Uiii«  ('■,  r/..  N<!>v  York,  Ijt>Wf]l,  IjdwrpiHi)  niiffer 
appaiviitly  Biin<?  at  all  thrrefrom.  The  State  BimixI  of  Htullli  uf 
A!iu'iwcliiiscttJ>' Miv»  in  it»  rv'jHirt  roniicrniiig  tlti,'  luiiHi-riiil  coiih-ntor 
till'  domestic  i-iipiily :  "In  not  Due  in^tiinw  nf  tbc  ttill  fiwnngof 
iifliiutrily  imlliiUii  water     .     .  luive  we  Ixvn  able  In  fiiiJ  /A«/i 

ill  tile  ice  lurnidl." 

Clear  ioe  eoniiiinfl  fewer  organisuw  than  ilml  which  eontaiiis  nJt 
buhhlr^,  and  i^imw  ice  wnHHiiis  lliein  in  );rc(iuvt  iibiinihuKv. 

Artilieial  ice  ih  frozen  in  blcK-IcM  of  the  HiKeamI  §ha|ie  of  the  (uuki 
in  »liieli  the  waU-r  i*  hehl.  Ak  the  entire  nin.-v  of  Miiler  in  mrh  Unit 
in  fnixen,  it  uaturaliy  nuii-t  o«intnin  in  it«  inner  [HUtiou,  whicli  i^  th 
hmt  tn  fn-eze,  nil  of  the  inalterr>  orij(inally  cnnlntni^l.  I'nh-ss  llic  wlef 
u«d  h  |iuiv  nn<l  colorless,  tlic  iw  will  not  l)e  of  pmd  ijiulity,  and,  fu^ 
tiiiihirly  in  the  center,  will  not  Iw'of  gooil  apiNnninei'.  \Vh>tioilofpI"' 
inijiiire  wnter  is  nwil,  it  ii-  u  trunnion  jii^ictiiH-  to  ivniove  the  iniiiuniv^ 
and  coloring  niiitters  liv  tapping  the  center  iKfnre  tlie  freerjng  iirnM 
U  conijileteil,  :nul  dntwin^  oil'  ihc  lir|iiiil  in  which  they  huve  woioM 
eoncentriittxl.  On  account  of  the  pos-ihle  retention  of  ]«rt  or  all « 
ihi-  eontaineil  iin]iurilieH  and  hiieleriti  of  ilu-  water  fnmi  which  il  i> 
niiulc,  nrtilicini  iir  iihould  Ik-  iiiiiun factored  only  front  di»tilliil  vt\ft 
or  fnini  iiatoral  water  of  the  higlie^t  degree  of  pnrity. 

A»  an  ilhi.^lnition  of  the  |Mn»»iblc  danjii-r  of  UHtng  infuctttl  iw  i" 
water  or  other  beverages,  the  following  case'  may  l»e  cited.  Tlif 
«)lliwr>'  <if  u  Kiinch  ix'jfinn'iil  Hliilioiied  at  Rcnni-s  pive  a  diinicr, it 
whieh  the  captainn  and  fUiwrior  officers  dnink  only  Iwer,  while  ^ 
yoinif^  men,  (lie  lienlenaiiin,  sitting;  tog1^lher,  drank  oluunfid);)]!;  c'l' 
made  wiih  ieo  cut  from  the  river  Vihiine  at  &  |K>int  Iwlow  tlic  IfWi 
whi'iv  the  wnfer  WHS  {)oIhitHl  extcnj-ively  hy  sewage  from  »  distrid  l" 
wJiich  there  had  Iwcn  a  nnnd>iT  of  cnw*  of  lyplioid  IV'A'cr,  Aftef 'w 
n-oal  [Hriixl  of  ineiihnlion,  eight  of  the  lieutennnts,  hut  mme  ef  tnt 
otlicr  officers,  were  M'lKcd  witli  typhoid  fever.  A«  tlio  food  tvrvri  *■»* 
the  some  for  all,  and  as  the  disease  was  limited  to  thow  wl«i  drank  "' 
ihc  chnmiHifjnc  cup,  the  oiitbrcidt  may  in-  uttrihuled  in  all  fiiinu?*  ^^ 
the  ice  fl-om  the  infected  loealitv. 


CHEMICAL  EXAMINATION  OP  WATER. 

Collection  of  Samples. — In  taking  Hkniples  of  water  fr»r  ehenii;^ 
annlysis,  great  can-  is  net'esaarv  in  oi-der  to  scviire  s]>e<'imi'ns  wl"™ 
sliall  !«•  fairly  iviiiiscntmivc  of  the  *np]>ly  under  invc-<tigiiiion,  *  ^t 
should  be  taken  only  in  clean  glass  bottles  or  demijohns  of  from  I*"'* 
II  gallon  to  a  gidh>n  enpai-ity,  and  never  in  ct"m>  jng»f,  tin  eBn-".  "^ 
wtHHleU  kcg«.  The  hcsl  fiinn  of  Imttlc  liaii  n  gbwa  slopner,  l""* ' 
perfectly  clean  cork  is  nni>bii.etional)le.  In  wptte  of  dini-tionfi  O'^ 
earcfiilly  |;ivcn,  one  orten  »i-cs  sjxi-inienfl  sent  in  stone  jngs  slnp|w 
vritfa  wooden   plugs  wrapped  with  old  «ult«ti  nig»  or  pii'oi«  of  m-t*- 

'  Annual  itcitort  for  1900.  >  Rvvtio  d'ltnUB«,  A|>rU.  IHOtt. 
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paper  to  '^tciirc  n  ligliUr  fit,  nmi  >s"Tiit'tinifs  kiui'IhthI  with  t^liooniakpra' 
wax,  pitch,  or  even  tallow.  AnalyHiH  of  siich  specimens  is  likely  to 
give  rv^iiill.-i  iif  HO  viUui-  wliiitovcr,  for  it  slinuld  Im;  n.-inoiiilicii-']  liiiit  wr 
are  dealing  witli  cxcei'dingly  sm.ill  amount);  of  atnmoiiiu  ami  i>ther 
pnKliictA,  and  thnt  anything  nhort  of  nh;M>IiiU!  clennlinei<i«  of  ivocptiiclfs 
introduces  error. 

The  Ijottle,  supposedly  clean  at  the  start,  should  be  rinsed  thrtroughly 
wild  thf  water  to  In-  s]im[tl(i),  llicn  Itli^il  to  tlio  nock,  .iiid  senin-ly 
stoppered.  If  tlio  i^inple  conies  from  a  pump,  the  barrel  of  the  latter 
tihou]<l  Iw  cinplii^il  ei>iti[)lc'it-ly  of  the  water  whieh  hii>  Ih'iii  stnndhij;  in 
it  for  any  leuglh  of  time  ;  if  fr«m  u  pi|w,  the  water  i-hiHild  be  alioweil 
to  run  to  wasti',  nntil  the  whole  of  the  original  t«ntents  has  eseafied  ; 
if  from  a  [lond  or  other  Ixxiy  of  water,  the  bottle  nlmnkl  Ik'  |itiMi'^<il 
sufficiently  far  beneath  the  surface  to  avoid  the  eiitrann^  of  floating 
tHaiiei'!<,  and  at  <i  eiiflieient  <liiitnnce  from  the  ImtikK  lo  avoid  muttern 
that  hug  the  shore. 

AAer  the  snmple  is  KeiMired,  a--<  little  lime  aii  [HK^^hle  should  ehki>se 
iM-fore  i)ei;iuniiig  the  analysis,  because  of  the  rsipiility  with  which 
changes  o<,vur  in  tlie  org-.iiiic  niattvr.s,  uiuinouiit,  iittriu«,  and  uiti'utes. 


Determination  of  Free  Anunonia  and  Albuminoid  Ammonia. 

Solutions  Required:  I.  Stasdard  SoLfTios  of  Ammoniiim 
dlL<»Kii>E. — I)i>r.olve  3.i;i8  grams  of  pnn- dry  ammnuiinii  chloride 
in  1  liter  of  <li»ttlk-<l  wnter  fri-e  from  aiumonia.  One  cc  of  this  solu- 
tion represents  I  mgr.  of  ammonia. 

2.  Stasijard  [)ti.t:TE  Soi-imos  of  Ammonhtm  CnixtRiDB. — 
Dtlutv  10  cc.  of  the  strong  -iolution  up  to  1  liter  with  water  frei-  from 
ammonia.     One  cc.  of  thi:*  nnlution  rpprewnw  O.Ol  mgr.  of  ammonia. 

3.  Solution  of  .Sodium  Carbonate. — Dissolve  ^l)0  grams  of  pure 
sodium  carbonate  in  1  liter  of  water  frw  from  ammmiia. 

4.  Al.KAI.IXK  POTASSH'M    I*F.ltMASfJAXATE. Di-^aolve  S  gTSniS  of 

{K>tn«>-iimi  permangiinate  and  200  grams  of  caustic  {lot^t-^h  in  2  lilern 
flf  distilled  water,  and  boil  down  lo  1  liter,  to  get  rid  of  any  free  am- 
tnoniu  present.  Fifty  ec,  of  this  solution  are  re«|uired  for  each  aiial- 
ysis.  The  author  linds  it  convenient  to  omit  the  IxiilingHlowii  pn>e- 
«w  wh<rn  the  solntton  \n  prc)iare(I,  and  to  take  lOd  ci\  and  boil  do«n  to 
50  at  the  time  of  an-nlysis.  This  insures  I'rceilorti  from  nnnimtiia  when 
used,  anil  avoids  the  lmini)inji  which  is  so  likely  to  occur  when  the  cold 
l«olutiun  is  added  during  the  process  of  distillation. 

5.  Ni-Sisi.KR's  RKA(ji-:vr. — niwsolve  35  gmnH  of  |H>t{i»tium  iodide  in 
ISO  ec.  of  distilled  water.  Dissolve  about  Ki  grams  of  corrosive  sub- 
limate in  .'lOU  ee,  ..f  dintilled  water.  Add  the  hilter  lo  the  former, 
both  solutions  l)einp  cokl.     Then  a<ld  200  gramj-  of  eauj^tic  soda,  dis- 

I  wived  in  0..1  liter  of  distilled  water,  and  mix  thoroughly.     Next  add, 

with  constant,  stirring,  a.  satunitetl  sohilion  of  corrosive  Miblinuite  until 

[the  pnvipitate  which  forms  m  permanent;  then  dilute  the  whole  to  1 
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litor.  IaA  Htand  until  c]«nr,  wbiMi  the  nii|>cnuitaiit  liijuii]  ^boiild  bm 
a  |wle-htraw  color. 

i>.  Amuoma-I'-kkb  Water. — 'IIi'h  may  be  obtained  by  di^% 
water  msde  6li|;litly  tLcid  with  sulphuric  ueld.  Ttic-  firKt  35—50  cc  of 
(lIstilLitc  rtliotilil  1)0  nj*!flted,  iiiiil  tlic  next  ■lO  «;,  nbould  bo  tt^1f<l  v'A 
Xoutler's  rL'sijp.-nt.  If  no  color  miix-ant,  lhi>  ili^'tillntv  is  mnnKiniii-fw, 
mid  tJieojwraiiou  may  llieii  Iw  omitinu^d  until  tbe  oonteotA  of  ill*  re* 
tort  art-  ri'diK'wI  to  vory  »mull  v<iliinn-.  It'  the  tfttt  ^Iiowk  tnicft'  uf 
ammonia,  aucccNiive  portions  i^lioultl  be  tt-xtt-d  uutJl  a  negative  nvirlt 
!;*  w>-iired.  It  i.*  wi-11  to  |jn'jKiri'  a  punily  supply,  and  to  k«-p  it  on 
hand  in  gljisn-slopijcnil  liotlles. 

ApparatlLS  Required. — DlstlUlag  Apparatus. — Some  analysts  pK- 
fer  gla«-  returla  ;  oilnTfi,  diAtillii)^  Atu<k»  with  side  tubt^  WliichCTCf 
i.'i  used,  the  connection  with  the  Liebig  condenser  ebould  bo  ti^bt. 
Tlif  luithiir  prtift-rn  a  distilling  flask,  with  n  side  IuIh>  of  Mieb  iiri» 
tlmt  it  enteric  the  condenser  tube  eaiiily,  but  without  making  s  Ium^ 
joint.  A  bit  of  clwin  ruhlK'r  lulling  on  the  sicb-  t'il»  may  serf*  w 
make  the  joint  mure  perlect  at  the  point  of  cutranev.     'lav  tsfua 
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of  llic  llii!»k  lihnuld  !«•  elo!«ed  with  a  niblier  stopper  witb  a  single  3 
foralion,  carrying  a  fimnel  tube  which  rtiiclic*  lo  tin*  iHitlom  of 
f1ti.-<k. 

The  flai<k  or  retort  may  I*  hcatod  either  by  a  iw*  burner  or  by 
free  flame  of  a  Bnnseii  lamp.  In  laboratories  where  ^■aliT  iiiwl,^ 
IK  eondiicU^d  on  a  large  wale,  it  U  found  oonvenJont  to  have  tbc  ^*| 
tilling  flatikg,  aminp^l  in  the  fonti  of  batteries,  conncctctl  with  b'*'' 
tin  condinsing  tuticH  which  pass  through  a  common  oodling-tank  " 
by  a  hiiigle  lap. 

In  Fig.  .'IT  is  shown  the  form  of  apparatus  which  the  autbor  fiwlt 
eonvi-nient  for  onlinarv  work. 
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Haedciisinc  Tubes. — For  making  tlu-  di'tcritiiiiutinii  ut'  nniinuiiia  by 
ibc  voloriinHric  method,  Lube^  of  colorlE'^  glase,  about  12J  x  g  mclies, 
with  II  murk  ill  the  50  w,  (xniil,  iiiv  rifiiiirwi. 

DeterminatiOD. — TIip  tia>ik  and  condcDser  are  rin!^»l  with  amnio- 
nia-tVw;  'A'ati.r,  O.-j  IiUt  of  ihi-  wjitiT  ami  n  «■.  of  Nxliiim  oarlioiiate 
Milmion  are  iutroduced  into  the  Hask,  aud  heat  is  upphvd.  The  dis- 
tillate i«  cTillwtd-il  cither  in  llie  NeitalKr  tubes  or  in  dO  ce.  Qa^ks,  from 
which  it  is  transferreti  to  the  tulx"* ;  aud  wlieii  thn-e  ]Hiriioii«  of  oO 
«■.  ww-h  have  bi'<ii  (■nlhvtol,  all  of  the  free  ammonia  in  the  sample 
will  liave  ]Hi&«i'd  over. 

Ou  tx^iiuiin^  the  dJAtillalioD,  lOU  cc.  of  the  imcoQoentrated  alka- 
line perniaii^raimtc  »ulu(iuii  arc  hcntcd  in  a  ftnmlt  tlii.->k  and  Uith^l 
down  to  .")0  cc,  and  on  tlie  completion  of  the  di^stJllutiou  for  fi-ei' 
iimmonia,  the  liot  iva^i'nt  is  added  tlirou^h  tiie  lunnel  tiiU-,  and 
boiling  ia  eoiitimied.  If  the  reagent  has  been  eoneentniti-d  in  ail- 
x'aiH't,  ."JO  ec  aiX'  lulilefl.  'i'hc  nitni^nous  organic  matter  is  now 
attacked  by  the  iiermangunnte  solution  and  morv  aininuniu  i»  t-volved. 
While  thi«  in  no  way  diRiTs  fi-om  the  fi-ce  ammonia,  it  is  given  the 
distinguishini;  niiuie  "albuminoid  ammoniu,"  lo  Inihwite  its  orijfiii, 
'I'he  pniei^s  i>  now  continued  as  lung  a4  amnionia  jsuMes  over,  hut 
iii-ually  no  reaction  is  obi<erved  JtlU-r  four  {)ortioii;t  of  'tO  w-.  Imvc 
been  collected.  In  the  laboratory  of  the  State  Board  of  Ileulth  of 
Mus^uchuMctti',  it  !>■  thi:-  cui'tom  to  lill  five  tnU-s,  and  th<-n  ti>  iwiv 
<]!stiUing.  To  each  of  the  tiibcw  eontainiiig  the  iinimouias,  2  cc. 
of  Newsier' f-  rnigent  are  iidikil.      In  the  prtweniM^^  nf  ammonia,  a  yel- 

wiah-brown  color  is  produced,  the  depth  of  which  depentU  upon  the 
unt  of  nmniotiia  pre.-'oiit.  Stimc  exwptionully  rich  water*  yield 
auch  an  amount  of  ammonia  that  a  precipitate  is  formed  on  addi- 
tion of  the  r«yi)p'ni.  Tht-n  it  U  ncce-isury  to  re]««t  the  proeesis,  and 
to  take  au  ali<jiiot  part  of  the  distillate  and  dilute  it  with  annnonia- 
free  wat^-r  to  oO  iv.  Ix^lori'  n<-x.«leri/ing.  Should  a  piXH'ipitiile  again 
*>ccnr,  a  smaller  jHirt  should  Ik'  taken,  and  so  on  until  the  proper 
feaction  in  obUiioed.  The  amount  in  the  whole  di.'<tillali>  may  then  Ik 
deli-rmliR-d  iniitlu  iiiiilieally.  Having  neitslerin'<l  the  sevend  lubes, 
th*  next  (itep  is  to  determine  the  amounts  present  by  conijKiri.-'on  of 
coiorn  with  a  M-ale  made  ai«  follows:  Inio  n  i<4-rie:<  of  tube:',  Jield  in 
a  mek,  diHiTcol  ainountM  of  the  weaker  Holntion  of  ammonium  chlo- 
ride art-  ilitriMliicnl,  then  nnnnonia-fi-ee  waWr  'iK  addeil  to  nwh  up  t»> 
the  ■Oft  ee.  mark,  earh  tnhe  invertetl  to  insure  thorough  mixing,  and, 
finally,  2  cc.  of  Xes^lerV  reagent  added  t<i  each.  A  convenient  i*eale 
L.  wc-urtfl  bv  using  0:20,  0.50,  0.7-%  I.OO.  l-.W,  2.00.  2..^0,  3.00, 
3.50,  4.00,  and  5.00  ec.,  representing  0.0025,.  0,0ll50,  l).0075,  O.OIO, 
<l.015,  0.02(1.  0.025.  0.(».10.  0.03.5,  0.010.  and  0.050  nifir.  of  ammo- 
nta.  The  first  of  these  will  have  a  very  faint  yd lowii^h- brown  tint, 
and  the  last  a  vi  ly  diciilwl  redd inh -brown  color,  while  the  int«-rvi*ning 
twbeji  show  a  profiressive  dw[>euing.  With  llnse  (uIks,  the  distilUiteH 
.ore  eomjMin-d,  and  tlie  matcliing  of  colors  gives  the  de^^irej  resulti*. 
i-If  a  given  tube  i'allii  between  any  two  of  the  scale,  a  new  comparison 
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tulw  m»Y  Ih'  ]ni'jMiiwi ;  l>iit  ilm  pmMi>«l  oyo  can  (IvUrmiine  von-  _... 
mu-ly  nitlioiit  ihii;  extni  aid.  Having  n-od  Huy  color  ol'  encu  tiilv, 
the  iinioiiuL-^  of  iIkmi'  rrgiix^xMiting  tlu^  i'nf  iinimonm  nix-  iuIiIihI  t><p.'t!iiT, 
iin<l  ibe  liitiil  iiiiilli{>lif(l  tiy  2,  to  >^-1  tlie  aitioiiiil  [kt  liter  of  uicvr; 
llie  .<imp  jirocifw*  is  carriwl  oul  for  tlw  <K-tt'ri)iiniitiiin  oC  clu-  ilW 
inini>i<l  iiuuiiniiiti.  Tlio  txwiillis  re[>re»cnt  parte  ]M-r  milliuD,  since  1 
liter  pqiiaU  1,000,000  niilli)fmm><. 

KxAMi'l.K. — Tilt;  tliai;  rni'-iimiHiiiii.-i  hi1k-»  nbow  0.023,  O-Oftfl, 
O.yOU:  total  0.0:!!)  niKi-.  ;  miiltipliwl  by  2  =  0.01)8  |>cr  litrr.  Bv 
miiving  till-  4l(i'Jiiial  iioiiil  *)iic  piiitw  l«  llu-  Ivft,  w«  Imiv«  0.0058  pn 
per  100,000,  in  wliicli  tortus  tin-  results  onlinarily  are  exprrfwul. 

PrecaatioDS. — %wi-  iln-  di-ptli  of  wiKir  muncd  by  NuMWr"*  itngi-ci 
ii^  afRvlinl  niun'  or  Ics-^  by  tcin[M:rntuiv.  find  ciiiw  in  all  piii«*^»  "f 
noiujiarisnii  the  ciUKliiioiiB  mubi  Ix-  llii- .«»ii)i;  «■»  liir  as  ii*  powiMi,  tb 
mij^'nt  i>lioulil  not  bu  lultkt)  tintil  the  dJEtJIIatcs  and  tbe  coDt<.'DC<af 
the  ('unijMirison  tnlM>l^  have  tJie  saiiw;  tem)»n»tiJPc.  Kiiiialily  in  Ihi* 
nwiKVl  in  .«i.rciiix-<l  wiliiont  liny  nuinipiilatioti  or  Iniiiblo  by  Uaviiip  the 
tulles  over  night,  su  that  :ill  will  acigiiiiv  the  tern jtcm tun-  of  thi-  n>'ni. 
It  id  luiitlly  n4vi^-.t!iar}'  to  jmiiit  out  tliiit  the  air  of  tin;  hjnm  in  wliu'li 
the  distillation  is  conducts]  shuitid  be  quite  frvc  frotu  labomliiT 
fnme«,  siieh  nx  amniniiia  imd  Kiilpliun-lttil  iiydrof^n,  whiHi,  brin; 
nlworlx'tl  by  tlif  di^tillutv,  ivoiild,  in  tbe  one  aise,  pve  efiMitwu* 
rranltti,  anil,  in  tht;  other,  reaet  njMtn  th<>  iiiiTciiry  mtit  tn  tlui  Nfwlf'' 
reagent. 

The  heat  ai^licit  to  the  dii^tilling  flank  tthniild  l>e  (w  regtibilcd  iW 
ihf  tinif  reqiiiR'd  I'nr  «ich  jMirtiiin  of  .50  cc.  will  l»c  about  liii'*'" 
niimitfs,  8in«-  with  mnrf  rapid  dintillution  tliere  U  likely  to  bewMW 
loss  of  nTiniioiiia  by  iiii|K-rr<trt  onuK-iiNiliiin. 

The  reading  of  the  tiibeh  should  not  bo  uiidertakea  until  at  I*"' 
fivft  miiiiitvs  have  eJii]>MHl  after  the  addition  of  tile  nngCDt.  Tlt» 
extreme  depth  of  color  ohtaiuiiblo  is  r«ich<xl  iioinewhat  witliia  t)»t 
tinnt. 

The  j>nicti<x;  of  siimo  aiialvftf  of  dii'tilling  the  frcv;  aniniotiia  out  la 
one  lot  of   1.10  or  200  cc.,   eollecting  the  alhduiiiioid  amiuofiiu  ™ 
iinothor  single  jiortion  of  200  or  250  ce.,  nnwlerixiiig  a  portion  of**™' 
and   naleiilating  tlw  total  amount  of  eaeli  by  tnutliplicnlion  by   ''* 
pri)jK'r  fiietiir,  gives  eonx-ot  resull--i ;  but  it  lia.-*  Ix-on  clinwn  tint  Irt'  I*'' 
tiHxiing  in  this  xviiy,  one  may  lose  useful  infoi'mation  obtainable  ftt*** 
knoulcdge  of  tint  nito  at  n-liioh  the  iimnioiiia  U  evolvud,  Kiiiw  onC**!! 
niiilter,  well  advann-d  in  deeoni  posit  ion,  yields  it  mure  copiously  ii> 
lirsi  distillate,  wliereuu  fresh   niaterinl  yirhU  it  niorp  slowly  and    ** 
fornily. 

Some  nnftlyst!)  miilve  duplicate  du<tillation.'«  of  one  watej-  at  the  f**^ 
tinif,  ik'tenriining  tlie  frw  nninionia  in  one  speeimeti,  and,  by  '*''* 
ing  the  {lermanganale  at  tlie  start  in  the  (rther,  det<Tmining  '"* 
t4)ta]  fnv  and  albuminoid  umnioniit  together.  IJy  subtnictiiig  iff 
lesaer  from  tbe  greater,  the  amount  of  atbuminiHd  umuionia  1^ 
obtained. 
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Permanent  Ammonia  Standards. — In  imk-r  Ui  avnitl  the  newasity 
of  [in-jKirini:  nUimiai'drt  tai-li  tiuif  tlu-y  an'  niinirml,  for  tli'wc  niinlc  iw 
abovi-  su'Hi  iirHltrpi  cluinf;!.',  Mr.  l\  I).  Jsii-ki^iiii '  lias  |ir(i[i>wrd  nitikiiig 
a  permanent  si»t  with  potaHsuini  platiuic  chloriJf  and  colxiltiiii?  t-hloriilc, 
wilh  wliii'h,  witli  II  little  pniitticc,  Mu-  Ni-.^Ut  Aolulion  may  bo  prepared 
to  fit  exactly.  Since  hi«  iirIIukI  iif  pre|KiritiK  the  latter  dilVer.^  iniiti>- 
ritttly  fn>ni  tlmi  ahnvi- dt'M!nht.il,  it  U  n-jirmhiaHi  hen.':  "Dissolve  tJI.75 
gninis  of  p<itas;<iiiiii  itnUde  in  2^0  ec.  uf  retli^tJIIiiI  watt-r,  ami  acid  a 
pold  Holution  of  inereurtc  chloride  which  has  been  pjitunited  by  boiling 
with  exw)«  of  t.lic  »Miit,  I'otir  in  the  niCTcnn"  jmliilion  eantioii-ily,  ana 
add  an  anionnt  Just  sntlieieiit  to  luiike  the  color  a  {KTMuiiK'nt  hri^lit 
nsl.  With  i\  little  pnietiiv,  the  e-\iii-t  depth  of  eolor  can  be  ea.-ily 
duplicated.  It  "ill  cake  a  little  over  400  eo.  of  llie  merciirie  (chloride 
solution  to  ivHch  this  vnd  |>oiiil.  Disiuilve  the  red  precipitate  by  add- 
exactly  (l.7-'j  Rram  of  [Mnvrlered  |H)tiLS«iiim  iodide.  Thi-n  add  l-iO 
,s  of  (lotassiinii  liythiiti-  dissolved  in  ^.iit  ee.  of  water.     Make  up 

I  liter.  Miv  thoroiisldy  aiid  allow  the  preeipituU-  funniil  to  settle. 
It  is  befit  to  make  up  a  large  amount  of  Nessler  solution,  iiiul  if  by  its 
ilkw  thr  ninmonia  .■'liindanU  du  not  lit  tin-  nrtiliciiil  onta  pre{)ared  from 
Ihc  platinum  ami  cobalt  solutions,  a  little  more  mcrennt;  chloride  li> 
■inereasc  si-nsitivi-nc.is,  or  {>olii.-<siiitii  indide  to  dii'ivjuM-  it,  will  brin^  the 
.NiT^ler  solution  to  the  |Kiint  where,  if  j.ust  2  ec.  are  tjf^ifl,  the  rt^^ular 
.moioaia  stiindards  will  ejtaetly  fit  the.  artificial  ones,  .  .  ,  Of 
(KMinm,  mch  ik-w  lot  of  Nowler  wiUitioti  should  Ix;  cum|)urt.<d,  t» 
6ee  that  it  li.^s  tlw!  pro|(er  di^i-e  of  ;M>iMitivcness  to  fit  the 
SlJindanU." 

To  prejMin'  the  ]>ermanent  standards,  two  sepamte  solutions,  one  of 
potiLsjiinm  platinie  ddoridc  anil  one  of  cobiittoim  chloride,  iirc  nt.'eiTSMLry. 
lTIu.'  first  in  made  by  dissolving  2  grams  of  the  salt  iu  a  small  uniounC 
cf  water,  adclinj;  101)  cc.  of -Htniiiij  liyilroehlorii'  ncid,  and  diluting  to  I 
Iit*T,  The  «'Con<l,  by  dissolving  12  grams  of  the  salt  in  water, 
adding  100  cc,  of  strting  Imlrochlorie  acid,  and  dilutiii}^  to  1 
ler. 

**  Varj'injT  amounts  of  these  two  Rolutiona  are  reijuii-ed,  IxTanse  the 
"color  of  the  Niw^ler  HiaiidardH  bi-coniei  mure  and  more  reiMisIi  iis  the 
amount  of  luntnouia  iiiercaseH,  The  sUindanln  are  made  np  in  .">il  ec. 
Nessler  tnt«'s  1.7  em.  [\^")  in  <linnieter  iiiiil  21  em.  C^f")  from  the 
boliimi  III  the  .50  cc,  mark.*'  Sixteen  stamlards  are  pri'pured  with  <U»- 
lilleti  water  up  to  the  ."iO  ce.  mark,  as  follows: 
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'  Tcclinoln^  Qiinitprly,  XIH.,  N'o.  4,  Doccmbcr,  IMO. 
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WliiW-  tlkwc  ii^reo  i»crfocll)'  with  the  n^lar  N'<s4Jer  nmrnontn  rtiml- 
■rcJs  on  leuirthwifeG  examination,  ihvv  do  not  at  all  Jigiw  on  *v]c  vim, 
tli<>  uriilH'IiiJ  Htaii(Inni->  njiiK'nTing  tWidcill}'  pink,  iuHlvad  of  l>ro«ni^ 
yellow. 

Determination  of  Other  Nitrogen  Oompounds. — PnliMuir 
Treatment.' — Sinxiltl  the  '^iHirJim-ii  nl'  \KiitvT  luivc  an  u(i|invijiWc  wlor, 
due  to  rlissolved  vpgelable  matters,  it  U  necessarj",  before  atti-niiitinf! 
the  tlftt-nniimtioii  iif  llif  ;il>«ivi>-HK'ntionH!  nuliMiiriarA  or  of  [W  oliltflilw, 
to  (loi'nii.rizo  a  (iiifliciont  voliimr  bv  iiiiiin--  of  milk  of  aliiininii.  'Hit 
in  ])ivjNiivil  Ii}'  mixing  ^TiiiliialK'  vtTV  <li)iit4-  niiliiiii>ii.'<  of  MMliiini  linlnlt 
or  utumonia  and  alum  or  iiliiiiiiiiiiiii  ^ulpluitc^  itw  i\«ii1ling  pnvt|iji:tle 
is  allowed  to  settle,  and  is  then  washed  several  timex  by  tlccnutslioa. 
The  wiiter  nni-<l  in  U'lisliin^  slimil<l  Ih-  fnv  frnm  Hilonden,  »i  In  tin.  unit 
nitrites.  If  ^Ironi;  so11)tion<^  ni\'  used,  the  gelatinous  pTecijiitstc  wm 
iiniti'ipM-scliiiiip'UilU  in  iipiH'umiici-.ind  ehnnii^er.  It  lK«inui*  i-lnJki 
and  lusL'f'  its  projwrty  of  rftno\'ing  t^olor.  In  ordt-r  to  ri-iJi<nv  ill 
coloring  matter,  0.5  liter  of  tlii'  watiT  nmy  be  sluiken  in  n  flx.tk  villi  i 
lew  ee,  of  the  tliielt  "  milk/'  and  tiK-n  filUTc<l  ihn>ut;li  ibi|xt.  By  1111:= 
meiins,  the  hki'-I  hijflily  eolored  swamp  watei"s  are  madi'  rtilitrlew  Hi  » 
Very  few  iiiiiiiiUs. 

DeterminatioD  of  Mitrog^en  as  Nitrites.— SolntJona  Beqnireit.-;1' 
Si'l.PHAXiMc  .\riDSoi,iTl(>x(|i(inunidolM-nv:enc-snlplionieiifid').— JX" 
eolve  0..jO  umm  in  l.W  ec.  of  awtie  acid  (sp.  pr.  l.<mi). 

1.  N.\iMrrHyi..\MiXK  Sni.rrioN  ('t-nnndonnphlluilcne). — Diwolvi' 
0.10  (TRun.  in  '20  oe.  of  bailing  wat«T,  filter,  and  add  180  ce.  of  ii«M 
aeid  (^p.  fci:  1.040). 

3.  t^ANDARR  Sor>it;M  NrrniTB  Soi.mos. — Di^jmlvc  0.275  pnuo 
of  pnre  nitrite  of  nilver  in  pnre  distilled  water  and  add  a  diliile  wlu- 
tion  of  ptirt^'  soiHnm  eliloridi-  iiulil  pii'i'ipimtion  cea--^^  J>ihit«-  to  ifJO 
cc.  and  prewn'e  in  tlir  iliirk  in  an  iinilxT  bottle. 

-t.  Stam>aiid  DiHTK  Sf»nirM  Nitiutk  Soi.moN. — Dilute  tOoc 
of  the  prcoiHling  to  1  liter  with  ]inrc  dtstillnl  water  and  prwcn'C  in  "" 
same  way,     Oiw  ee.  ecjuats  0,001  mgr.  of  nitrogen  as  nitrite. 

I*niK"KP(j. — To  50  ce,  of  water  in  m  Xesslcr  IuIk*.  or  to  100  «■-  In  • 
tube  of  larjier  ili:uneter,  add  2  ee.  of  each  of  tlie  two  finH-mMitJuMJ 
solutions.  If  nitritt-.'"  jir*-  pp(*eiit,  »  jiink  to  u  gnnnH  eolor  is  dfwl"|W 
within  II  half  hour,  the  intensity  of  enlor  de|H'n<Hng  u)>on  tliC  am"!"' 
of  nitrite  prf^eiil.     If  n')  clmiigc   is  ol)S.er\'ahle  at   the  end  of  a  Iwl 

I ■,  iiili-itcs  ni!iy  lie  rcrorik-d  a^  absent ;  if,  on  the    eontniry,  ii  oil"'- 

ation  is  proihic-ei],  the  test  may  h-  re|x«t<-d,  and  at  tlie  same  tiinriiw 
or  mon-  (-'>iii[iiirison  ■■%'tiiiilerH  ])re]unHl.  In  similar  IiiIm's,  dilute  lo 
the  murk  with  distil)<'<l  water  free  from  nitrites  0.25,  0..>t>,  and  1  vt.  w 
the  dilute  sodium  nitrite  sohiiion,  and  ndil  to  «m"Ii  thi'  pro]»er  amiwuC 
of  the  lot-sol II timid.  .\t  the  end  of  half  an  hour,  ei>ni[»ire  tlir  "'W 
iicipiired  by  the  water  sample  wiih  ilie  st.-indards,  and  multiply  liy  thd 
pro[M>r  fnetor,  lo  determini'  the  umonnt  |>er  liter. 

Sinec  the  air  of  laljonitories  in  whieh  jias  is  burninji  is  vety  likcl 
to  ouutain  traces  of  nitrites,  which  an-  abHorlied  n^idilv  br  water,  it  ' 
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well  to  kwp  the  t4ibes  curkcd  or  otlicrwisi'  protected.  A  tube  left 
'ifM'n  some  hours  is  almost  i-urc  to  (levcloii  mon-  or  litss  cohir. 

Thf  wJiir  rLJictiijL  i*  due  finft  to  tin.-  iiotimi  of  tbf  intritr  prt-swit  on 
the  siilpbauilic  acid,  whereby  n  ne«'  eonipountl  {diazobenjiene-sulphoaic 
nnhvdrido)  iif  priMliK.^'d,  which  is  t.lii-ii  iicli.'il  U[Hin  \>y  the  iiitphilkvliiniiiic 
and  converted  into  iiiiother  (azi'-ii-«niidonaphthaleuo[]!ira7/)ht'uzene- 
Miiphoiiic  ni'iil)  whii-li  iin|Kirt.-.  ihi-  color. 

Pennanent  Nitrite  Staadaids. — Mr.  .lacktion  has  propowKl  employing 
|)t.-nnai)i>nt  ^titiidardit  lor  the  nitrite  detemiinution  a]ao.  Tliey  are  mode 
t'nini  two  »>hition!c,  one  nuidc  by  dissnivinfj  21  n"""*  "^  colwltJius 
chloride  in  <iistilled  water,  adding  100  cc,  of  Htrong  hvdroohloric  aciti, 
ami  ilihilin)^  to  1  HUt;  uml  llii.'  nthiT  by  dis.solviiif;  12  }£r;uii.-i  of  ilry 
cupric  chloride,  adding  lOIJ  ■■c.  of  strong  hydrochloric  acid,  and  dilut- 
ing 1ikcwii<e  to  t  liter.  'Dx-  >tiindHiilH  are  mode  up  in  100  ei\  tul>e^, 
3  cm.  (H")  in  diameter  and  1^.2  cm.  (oj")  to  the  lOO  oc.  mark. 
The  lV>IIo\viiig  tahli-  ^ivcs  ihu  pru^xtrtiona  of  each  solution  to  he  matl« 
lip  to  the  100  ec,  mark ; 
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The  method  of  determining  nitritcH,  as  pvcu  by  Mr.  Jackson,  in  an 
follow.^:  Fill  II  100  cr.  \e>t;^h'f  tulx- with  the  wiit<-r  to  he  tt-Ntdl,  add 
1  cc  of  hydrocrldoric  acid  {I  :  4),  then  2  cc.  of  »'ul|)hanilic  acid  (H 
grama  per  liter),  and  linally  2  ct;.  of  naphlhalamine  liydnx-hlonilc  (8 
gntm«  i>er  liter  with  10  cc.  of  ftroiiR  hydr>Ji'hlonc  acid);  allow  to 
stand  twenty  minnt*^  until  the  full  ilevelopment  of  the  color  ajijHiir*. 
If  100  i»\  of  "utcr  develop  ii  t^'olor  »^jrnw|Miiidifip  to  the  W'coud  of 
the  above  etaiidarrk,  for  example,  it  contains  O.OO.'i  part  per  1,000,000 
of  nitrogen  as  nitrite. 
Determination  of  Nitrogen  as  Nitrates. — Solutions  Required. — 1. 

PllK.stii.Dlwn.i'iroxic  .\i.ll) He;it  logi'tliiT  for  :.ix  hours  in  u  wuter- 

Iwith  55-i  pniin«  of  stiiing  isulphnric  acid  and  4o  grams  of  pure  phenol. 
Should  the  reiiiiltinjr  compound  .solidity  on  cmiling,  it  may  Im-  li<juetled 
again  in  (lie  Iwiili  and  then  poiircil  into  a  uninhcr  of  ^inall  ljottlc-«  pro- 
%'idcil  with  ground  !ilop[H'rs,  Then,  as  needed,  one  of  them  may  be 
placed  in  the  Ii:ilh  itiid    the  content?'  liipK'ficd. 

2.  .Stanp.\rii  Sii.i~ni>x  of  Putasshm  Xituatk. — Dissolve  0.722 
gram  of  pun?   |totiis.-?intii   nitrate  in    1    liter  of  pure  diiililled  water. 

^Piie  IK.  (•(juul"  0.1  nigr.  of  nitrogen  as  nitnites. 

B  PiMKBw. — EvM|Minite  10  e<]'.  or  more  of  the  water  with  1  drop  of 
sodium  citrlicMiate  solution  to  drvnes^  in  u  Miiall  porci'lain  iliKii.  To 
tlic  resiilue,  add  1  cc.  of  phenoldisuljihonic  acid,  «hicli  i^hrruld  he 
bniughl  into  enntnet  with  every  (nirlicle  by  means  of  a  gla-<s  ro<l. 
dilute  with  natcr,  make  iftrotigly  alkaline   with  uninnmia  or  caustic 
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pobwlt,  mid,  finally,  mnkc  up  tu  'tO  nr  100  oc,  v'tih  vratcr,  ¥!,v&fottu 
mtasiiml  volmups  nl'  tlic  .■itanJtiMl  iiilral4--  Aoliilioii,  Intit  iW  rwidun 
with  n  like  mii<'ii)it  uf  llic  rcugii)!,  iiix)  piiKitil  !ii  ilw  fsam-  unvb) 
mnkc  0  o<) II  1)1:1  rim II I  frcalc  The  aihhtioii  ol'  th«  alkali  cuovefls  ibc 
piorii'  uoiil,  toriiii'i!  I>y  the  ni'iion  of  thi'  tiitnilc-  on  tlx'  )ilHtDd<JJ>ii]- 
[ihonk-  lu-iil,  iiilu  tht-  «iirn-.''{HihilinK  [iriiiIi-,  which  itntmrtfi  n  br^flri' 
jpIIow  color,  tlK-  intensity  of  which  dc)>eii(ls  ii|x>n  u»e  unuiiMt  <rf 
uitmU-  jiriM^nt.  The  comiNtriiton  of  tiiit»  niiiy  ho  maile  diroHly  in  ibr 
pcii'dain  dishes  or  iu  tubes  of  the  Kinie  anrt  an  iL-ted  in  tlw  iiitrlr 
dclcntiiiiuliim. 

Tlic  iiiTumcy  of  the  test  iit  diniitiiBiiPtl  by  the  preseiiofl  of  cMoriil-* 
in  notidilo  amount.-*,  hiv  more  thnn  2  |mrt.H  in  100,001)^  hut  iml  by 
uitritc<.  On  thif  iiccount,  Mii^oti  recommend •>  the  RddithiD  uf  i*f- 
n'i<ponding  anioitntK  of  sodium  rlilorid*-  in  tJic  jin^tNirulion  of  tlircJor 
iKtiU:. 

The  8tandar(ti<  nmde  m*  above  do  not  cluiiifrt:  on  ktt-ping,  and  heurr 
iiinv  1)1-  niiiili-  n|i  iii  wt.*  nnil  jiitfcrvcd. 

Determination  of  Chlorine. —Solutions  Bequlrad.— 1.  StaM'ABIf 
8oi.tmoN  <ip  Sii.vKR  NrTiiATK. — WnsoIvc  -1.797  jjrmms  «if  |«ii» 
stiver  nitrutc  in  1  liter  of  distilled  water.  One  cc.  of  this  solulicin  i> 
the  niuivalcnt  of  1  nigr.  of  ehlorine. 

2.  SoLUTios  or  PtrrASBlt'M  Cuiwimatk. — Piiwitlve  5  pmnii'  iS 
pot;isHium  elironiate  in  100  etr.  of  difiilled  u-itier,  iwkl  iiitmie  of  dilnf 
solution,  for  the  renioval  of  any  tra«*>»  of  eliloriik-i'  prvr^nt,  until  a  nJ 
Iiiifijiilntc  of  chromalo  of  silver  irf  fomu-d.  I^i-t  ntawl.  and  «|«ni' 
the  [irecipitate  by  dwantatiun  orliltratioii.  This  ^solution  tf  lo  Ih'  iwi) 
n»  an  in(fi<aitor. 

I*ROiTB«, — Plaoc  in  wirh  of  two  lieiikcn  of  itiniihir»a-  lOOetnf 
water  and  S-1 0  drops  of  the  in<li«itor.  Tlie  Iwakets  titandiii^  tiif  b* 
(fide  n|»on  a  white  nurfaec  of  |)iiic(liun  or  lilli-i--]iiijn'r,  the  --ilvcr  iiiiraf 
sohilion  is  addrd  to  one  of  llicin  from  u  buivtle  little  by  liillc  iiiitit,  <a 
»pile  of  Kiirriii;;  with  n  ff\a.<*  roil,  a  faint  reddidit  tiitgi-  iH^nni  to  U 
perceptible.  Thin  iii  heen  more  easily  by  (x>ni]iiiri>«>n  with  tlii"  ■n'*' 
in  the  other  iHtiki'r.  The  burette  reading  i&  now  taken,  ainl  ll«<i » 
drop  or  two  mort-  of  llie  rcsnieut  will,  by  intensify itij;  iIk-  ivil  wW. 
show  that  the  end  |iiiiiil  liar-  Im-cli  rt'iiched.  The  iinxti^  dcjwiMU  ii|'* 
the  Giet  tint  filver  litw  a  (rrwiter  atfuiily  for  ehloriiles  (hun  for  rliMm- 
ates,  and  that,  so  lonu  ii«  any  of  the  former  '»  prej^nt,  no  |n-niifliw.'''t 
union  will  <H'erir  with  the  latter.  When,  howfver,  all  tlw  cliliinnit 
has  combined  with  the  silver,  the  ivd  ehronmte  i»-(;in!>  in  fiirm.  wi" 
make?!  its  pivwrnia*  known  bv  Ihe  change  of  ntlor.  On  oimpliii""  "I 
llie  proetw,  Ihe  aiiiomit  I'f  the  i>tandnrd  reaf^uit  n!K<)  iiuJii'alu'  'I* 
amount  of  chlorine  preterit,  each  cc.  uivi]  representing  I  inilligniBft. 

Tnaunuoh  im  a  certain  nniouut  of  the  ituirent  ih  i^tpiired  to  pvelB* 
bf^nnin};  tint  in  100  cc.  of  di^tilh-d  water,  a  Cfim-etioii  rhoiiM  It  ""'>• 
bi'fore  tH-tting  down  Ihe  ivsiilt.  Tliiw  amount  differs  i^imi-whut  Wfi'I 
different  oh!ser%'er*,  niiicr  all  eyes  an-  not  «|iially  <jn>ek  to  di«vni  tfc 
n]tjtearanoc  of  ibc  reddish  lint,  and  henoc  the  hvdt  mvtltod  of  fixi' 


OBTKlLViyAriOy  of  FREB  AHV  ALBCMISOID  AHMOStA.  403 

■  ■RKHiiil  u>  Ik'  «iibtracli-d  in  fur  eiioh  unc  to  (k-u.-rniinc  it  bimwlf  by 
KlHritiKiitiitg  with  IDD  oc.  of  (lii<tillad  water  contaiaiiig  the  rci|ui8itc 

ml  of  iIk-  imlinitor. 
^iHild  tile  umoiint  uf  diKirine  in  a  given  siiihj)1<>  be  so  email  that 
^bi;  tiMl  nniolion  ii|i{i««ii'^  on  itm  ndditinii  of  Ittil  ti  low  ilmpii  of  tliv 
w\\vT  Nthition,  it  is  Ik*!  to  wttitintnite  'ioO  or  500  «.',  <if  tlif  water  to 
tf**!  I'l-.,  aii'i  I'l'jx-.it  till'  litniliiin. 

Determination  of  Eeaidue. — Kvatw.ratf  100  vc.  of  wjiti-i-  to  dry- 

1  ill n  [(orlVotlv  eleaii, dn,  siceutati'lv  weigiietl  platinum  '\h\\.    When 

lii|ik>k-)y  ev;(p(init«-<l.  tnin>ler  iIk-  <lit>1i  from  tlu-  wntei'-luilii  In  mi  iiir- 

mIi  kvpt  ut   10.1°  C,  ami   \v.\vv   it  for  an   hmtr,  iit  the  (rxpinitinn  of 

birli  tinio,  |il.-i(i-  it  in  n  ili-.-ii-catiir  to  mnl.      RfW<'i);h  ini<i  not'-  thv 

ill  wiijiht,  which  re|ircTSfnt!'  the  fimouiit  of  totsil  wilidif  in  the  vol- 

■uf  water  taken.     Tlu' inmtlxr  of  inilligmni.'*  i^ined  rcpn-sents  tht? 

■  of  purtB  |H-r  100,000.    The  wei^liiiif^  (>ht>ut<l  U-  ilone  iw  (jiiic-kly 

sihle,  iti  onliT  to  avoid  eriH)r  due  to  the  ahHiirplion  of  atino-^pherio 

Miniv  liv  liv[;riiM'iipic  nmlli-rw  in  the  ri'»iiUi'-. 

In  onU-r  to  detormiiie  the  anionnt  of  volatile  nnh^tance^,  the  dish  is 

XI  h<Tite<)   to  (lull   n-dne-t"  on  u  jiliiiimini  trmnt;le  over  n  Btin«on 

nji.     TIr'  ot^iic  mutter,  in  the  proei«s  of  bnrning  off,  jrives  rise  to 

■  •«■  lc--*s  bliiekiiiing,  and  niiiy  alnn  evolve  ihIiifs  wliieh  olVcn  <'oiivej" 

ideii  of  il«  nalinv.     The   blaekeninjt  may  disa])|H'iir  ipiiekly  or 

av  [N-n-isl  for  r'ume  lime,  e-«i>oeiaUy  in  thi'  ejwe  of  wooily  mailer.'',  xnch 

lure  pn'M-nt  in  l>n>wii  fwump  wnters.     Animiil  nmtt».'ri<  nnix-  nn  odor 

rtlinl  of  hiirnt  horn  ;  vejretable  sub^tanees,  one  Hii^^'stive  of  hnrnin^ 

iL     The  li>M  in  weight  ivpre--*eJitrt  not  only  tlie  orj^nne  mnttor,  but 

I"  till'  ntlm[e.i,  niti'ile»<,  nnimoninm  Milt#,  conihinM  earhonie  :ietd,  and, 

,  llie  terii|H'r:iliii->t  luis  l>i-«!n  rsiitit^l  too  far,  jwirt  of  tlie  eliloridw.     The 

■iilue  alU-r  i^iition  n-prc-M-nt.*  tin-  "fixtil  Bolide" 

[DctcnninaUon  of  Hardness. — For  the  determination  of  hnrdiie!<.-<, 

DuiuImt  of  jiroei-*ise»  iirv  in  n«e  ;  but  for  (inietical  utility,  that  known 

Jllie  "  nonp  meilKHl "  Lt  to  he  preferred. 

iMntiou  Beqnind. —  1.  .'^TAXHAitii  S(ii,moN  OP  CAim'M  Ciii/>- 

>E, — Weigh  out  1  gram  of  pure  cnleiiim  eurhonate,  dissolve  it  In  aa 

di-  iLs  iMi'viible  dilute  hydroehlorii-  neii],  mid  evnpomte  to  drynef!*. 

M  to  llie   reiiidiie  n    little   diKtlllevl   wnter.  mid   ut^in  evapoiute  to 

4:>.      I)iKu>lve  in  disiillcil  water  iind  niuke  up  to  I  liter.     One  oa 

l-nln  1  niillit^min  of  eHleinui  eurbomile. 

Sr.xSDAni)  Si>Limos  op  Soap, — Semjie  about  10  jrrams  from 

uM  dp,'  piwT  of  piipc  Ciiiitik'  noiip  frtv  fruin  ?>odiiiiii  hydrate  aud 

nanuile,  ,iiid  disaidve  it  in  1  liter  of  dili]t<'(]  aleoho).      I^et  f<tand  over 

lit  and  I'llliT.     'Iliifl  mIiouM  tiext  1h'  .-landanll/jt)  in   llie  followtU); 

Iniitrr:  To  100  ee.  of  diatillwl  water  eoutained  in  a  );liuiii-H(op]K'red 

of  about  2^0  00.  capacity,  run  in,  from  a  bnn-tte.,  eiioo»wive 

porlioni*  of  tlie  i^wp  «olntion  until,  on  vijiDron*  .-'haktnji,  a  liitli«r 

nirtl  wliieli  [N-rHiHtn  at  Irti-t  two  miiiuiw,  and  not<-  the  amount 

It  tJie  operation  widi  99  oc.  -r  1  oc.  of  the  Htondard  M»I»tion  of 
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mlt-iiiiii  cliloriili-, utid  then  with  2,  3,  -I,  .%  B,  7,  8,  9,»ikI  HI  iv-ufttw 
Bnm«  Holution  ma<ie  up  to  100  rm.  with  dislilled  waler,  aud  irnle  tin; 
amuiint  U-hi'iI  in  I'lich  u-»t.  It  will  not  niiftlix-  tn  (li-icnninc  thi*  «iii>ii)nl 
infirv<iiry  111  |)i-<mIirx>  ii  Luther  with  ilistillwl  water  »ml  with  !'>«.  "f 
the  enlriniii  elilr>mle  Htihilioii,  mmic  ii(>  to  the  suiuc  vnhiiuo,  mid  <iiv)(ti< 
till-  clittm-iu'i-  by  10,  fivvn  an  nv  go  ngi  in  the  m^iiIc  a  ;;nidiuil  li^Feiitu^ 
of  the  tiniouiit  of  incmtw  for  cacli  d^rec  \»  noted,  lu  this  vay  w 
ohtain  a  h«ilc  of  viduc-"  for  thv  [nirliciilitr  lot  of  ^omp  dilution  imAea* 
oni;  time.  It  will  snw  ontne  tniitble  if  one  umkee  iiji  ii  iiumU-r  iif 
liters,  but  it  is  nwfssary  to  make  ociTittiioiml  Ksrs  t'>  sir  tlint  the  (ttn-ngth 
diK»  mil  <leteriiinit<;,  or,  if  it  docH,  to  cxn-rect  thp  ».-iiU'. 

Plt(>i-E)«i, — To  100  cc.  ill  th(-  Iwittle  nlxivi-  iiKrulioiH-d,  mid  llir  xeu 
Rolutiiiu  in  the  wunc  tiininur  mk  eiii|>hived  hi  niitkin;;  tlic  Ksk  iir"!. 
when  the  en<l  [Kiint  i)^  i'e:ieLt!i:l,  note  the  nmoitnl  ll^tx),  aixl,  liv  n'li'niKt 
to  the  Doale,  iineerliiiii  the  iiiiinlicr  of  degrcv?  of  Imrdnt^*^^  ijliiiiiliiihi' 
wutur  be  harder  ttuiu  10  de^reeii,  it  in  l>&<t  to  bike  a  smaller  &muu)it 
and  make  itu]>  to  100  ec.  with  (liHtilUfl  wntt-r  iiml  then  ]>riNK'<'d  mv*. 
r(.-ineiiilRi'iri;{  lit  the  end  to  ealrnlste  aceoixliiigly. 

The  n-Hiilt  olitaiiu-d  ex]in-.-*«i'.-«  the  "  lolwl  himlui«!i."  If  itlw  ilwirwJ 
to  useeltaiu  tin-  lemjionir)',  or  retjiovahle.  harjue**,  KK)  ec.  of  the  wiiW 
may  be  tHiiled  five  minutes  an<l  then  nllowetl  to  eool.  Tlie  iffipiiil 
voUinie  ii*  ntwtoPtHl  hy  rlie  iKldiiiou  of  the  newswiir)-  ainounl  of  di'ti!l<J 
water,  and  then  the  {i|)er!ition  \i-  re]x«ted,  Tlie  i'«»nd  rt^-iill  indiraW 
the  [K'noanent  hitnliie.-v,  uiid  ihi'  dlHerenee,  if  any,  tit  the  tiToiiHinrv 
lifirdneiu). 

Determination  of  "Oxygen  Required."-^ All  oi^intc  mitifftaiitw 
uri'  Mi,-«T|itihle  of  oxidation  ;  l>nt  a;;  they  are  widely  variable  in  clmnirWr. 
they  requiiv  very  different  ainonutit  of  oxldi/in^  a^-iili*  fur  the  nllnii"' 
m<'nt  ot  the  name  n-sult.  The  sevenil  nuthwU  jiropoii^xl  for  ifc-ti-nniii- 
in|i  the  oxypen-eoiisuniinir  rajmeity  of  drinkiiig-nateni  have,  ihpn"f<«'> 
only  s  liiiiiied  value ;  hut,  in  f^nenil,  it  may  !h*  jtiiid  tluit  a  higti  rojuiW' 
menl  indiattt-tt  an  amount  of  orpinic  matter  incon^Utent  with  |«irit» 
when  it  winnot  he  aoc^iliiHed  fur  by  ihe  iui-x-jmh-  of  femMie  "ft'l^ 
SiiHv  tlie  amouni  of  orjpinic  m.-itter  is  Indit^itt^^l  preltj- fairly  Irt  l'"^' 
uninionia  uud  nibitininoid-iiminonia  detemiinntioui*,  the  cAtiuuiti'W  vt 
the  "oxyj^n  reijuirrd  "  serves  only  as  conBrniiiton-  evidence. 

Solutions  Required. — 1.  Sr.vNnAnn  S«>i.i-Tii»s  OF  I*<rTAs»il"M  Pi* 
HASUAXATE. — Diwmlve  0.:)!'5  prim  in  1  liter  of  distil  lei)  wnlvr.  (lof 
ec.  is  e»iui\'alpnt  to  0.1  nigr.  of  uvaihihle  oxygen. 

%  STAXDAUn  Hoi.i'Ttos  OF  OxAl.K;  Acin. — TUtwolve  0.787'i  gaiva 
in  I  liter  of  distilled  water.  One  oe.  «urr«poiids  to  an  eqwd  dh«^i« 
of  tV'  jHTiniinpiiint^-  sohition. 

3.  DiHTK  Sfi-i'iirnir  Acw.  1  : 3. 

PlWK  ■»>«, — The  (k't^'rm illation  it  ha»«d  on  tlw  fact  tliat  ]MitiL-<!<iu 
porni»n^uiat«  ^v«»  nj*  ils  oxypii  ntidily  to  orfranie  nintler,  u<;[teeiall 
in  the  jmvcticc  of  acid  and  with  the  applicntion  of  heat.  The  renctii' 
i:^  espreA'ie<l  in  l)i«  followiu)^  equation  : 
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ThuA  4  molecules  of  p«?rinatigiiiiatc  will  yield  5  of  oxygen,  op,  differ- 
rnily  oxpn-.t-Hfl,  6-'^2  purls  by  weight  of  iht-  one  will  yi«'lil  160  [wirt* 
by  weight  of  the  other;  bonce,  3,iloO  of  [jenuiiiigcLTiiilf  equdls  1,000 
I  of  oxygvii. 

Id  this  opcrjitiori,  deituliuee«  of  vo»*Ii«  i*  of  the  Krea'est  imptirtaiieQ. 
A  i>opiH>laiii  (■a.'ifteroie  or  erajxiratiug  dish  of  !<uffiei«iit  sizt?  is  made  fit 
for  M-M?  by  bi)iIiiTH  it  in  (]i^Iilk'd  wiitt-r  iieiiliiliit^t!  with  milphwrie  iiciVl, 
aod  adding  [K'niianj^auate  wohition  iiiili!  no  fmther  di«oloriitioii  is 
ob»(Tv«i, 

Plaee  100  eo.  of  the  i^tnple  iu  the  dish,  add  10  ce,  of  the  dilute 
f^iilphurio  ucid,  und  h«it  to  boiling.  Add  from  ii  bun-tit'  suHlficiit  of 
the  p<'rniaiijpniate  solution  to  cjiuse  a  very  distiuct  redness,  and  boil 
■gain,  adding  ihc  |M'riii)iiigarmU'  hh  ihi.-  rolnr  t^'niU  tn  fudc,  so  it-t  tu 
retain  as  nearly  as  jxissible  the  original  color.  When  farlher  boiling 
for  five  to  ten  minnU-s  fails  lo  diminish  tht!  iiilttnsity  of  thir  Liilor,  oxida- 
tion  is  complete.  Add  now  10  ce,  of  the  oxalic  acid  solution,  which 
will  discharge  the  color  if  the  i)ermangMnate  has  not  Iieen  added  loo 
fri^-ly.  .Should  the  color  not  be  diM-linrgc<l  by  10  w,,  add  10  niija% 
I  Having  now  a  colorless  solution,  add  mon-  [>ennanganMte  until  a  slight 
pink  CTilor  ygiiin  a[i|R'ar(4.  Nol«  the  lolnl  amount  of  (Rrmangaiuilc 
Dswl,  subtract  fronj  it  that  used  up  by  the  oxalic  acid,  niulti])ly  the 
iitimlxT  iif  I'c.  ri'tntiiiiing  bv  •'>,  in  order  to  tirrivi-  iit  tlic  aitiount  which 
would  Vic  consumed  by  1  liter,  and  divide  by  10  to  express  the  result  in 
mllligntnis  of  oxygen.  Ina-uiuch  lu  any  uilritfn  pivst-Jit  arc  oxidixt^ 
to  niti^tei^  a  correction  should  l>e  made  for  tbein.  This  can  be  done 
ven.-  rejKlily,  since  ItJ  parts  of  oxygen  are  re<|uired  for  14  ]Miri.s  <if 
nitrogen  as  nitrites. 

Suice  the  {H-rMmngnnati'  solution  is  not  wholly  stable,  it  should  be 
titmtcd  aguiiiNl  the  oxalic  acid  dilution  everv'  lime  it  is  us«l.  Thin 
may  In-  done  most  convrnii^ntly  by  adding,  aflcr  the  opcnilion  is  coui- 
pietiil  and  tin-  rciiding  of  the  burette  is  noted,  10  cc.  more  of  the  oxidic 
solution  and  titrating  to  the  same  point  as  before. 

The  oxalic  solution  kif]w  better,  if  a  few  oc.  of  stn>ng  sulphtiriu 
acid  are  added   when   it   is  being  dilntctl  to    1    liter. 

Determination  of  Color. — The  color  of  water  may  be  observed  by 
viewinp  a  suflicieni  depth  of  the  s[>ceimfn  in  a  glu.ss  cylinder  apiinst  » 
wliite  surliice.  Coltir  may  In.-  cxprcK^eil  qmuititjilively  by  ooniparisoa 
with  the  stanilanls  for  the  ammonia  dctcrniinnlions. 

Determination  of  Odor. — Plair  .iliont  "200  cc.  of  water  in  a  oOO 
«■.  JK-aicer,  uovit  with  a  watch-glass,  and  heat  to  al>ont  40°  0.  Give 
the  beaker  a  rotary  motion,  so  that  ibe  water  is  set  in  motion,  remove 
thi-  wutch-glas^,  and  with  the  nose  well  inside  the  beaker  note  tliK 
chanictcr  of  the  odor,  Some  aualyst.s  prcft-r  to  heat  ihe  whMt  in  a 
gla>4s-stop|ientl  Inittlc,  the  iiw  of  which  permits  a  much  more  thorough 
agitation  of  the  water  before  applying  tin-  nns«.-.  Tin-  odor  <ihouIil  bo 
designated  aceonling  to  the  snlistnnce  which  its  presence  suggests. 

Determination  of  Reaction. — A  mu-t  delicate  reagent  foralkaliuity 
^ia  water  is  a  1  [ht  cent,  dilution  of  tohiyluic-r«l,     fifty  ce.  of  water 
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tliaiinctl,v  alkalino  will  becomo  inicniicl}'  ypllow  nii  tbe  addition  <if  'i 
or  3  dmpM.  A  \v)v  dc^rev  n(  nllcnliinly  will  raiiw  tin  4inin|;it  orpiJp- 
n-d  Liilof.  It  U  st>  ddi<.-ate  a  test  tbnt  I  part  of  nlkatiiK  varbunmc  b 
1.1)1)0,0011  is  rt-\wilrti  1>)-  it. 

The  i>n'p.c(i<'c  i>f  acids  ii^  i-\iown  by  iiii<)t)i4.-r  seii-itiv*  ii)iii<-.-il<ir,  \ae- 
iiioi<l.  Tlii."  i»  iKit  aireclr<l  Uy  <nrboiiio  ucid,  tior  liy  ri'mMi>  iiiiil  "IIkt 
mctiillic  ndl^f  wliieli  itre  iicid  lu  lituiiiv,  but  in  ufTn-lcil  by  fcrrii^  m\tt. 
It  ntay  Ih'  iwed  «b  a  1  |h'p  ipnt,  Mduliim  in  diltitiil  »Ki)li()l.  lltraoV 
])lilli:d<-iii  Mdtiiinii,  0.')  [KT  mit,,  v  fi^dork'-ss  in  m-iiirnl  anil  atid  -ilu- 
tioiiji,  and  pink  in  ullialim-.     Il  is  sUtvlcd  liy  <iirlH>n!r  ai-id. 

Ill  iIh-  dctvnniimtioii  ■■('  rtuution,  n  dmp  ur  two  of  tin-  imltnilur  iiiiv 
\x  add<.-d  tu  a  volume  of  the  waliT  in  a  lona  ^\af^  tid>e.  A  veiy  liibt 
diitii^i-.  <Imi'  to  ncidri  nr  nlkidim,  U  fi(>i'ii-|tlihlt-  on  iiKikin^  down  (liniU|:ll 
the  tiiliimn  ii;;)tinKt  ii  wlillo  lNiok^<mn<l.  It'  (he  rraotioit  U  nriil.  ill' 
(uun|i]i'  ^lll•nlrl  Ih'  1)i>il<'d,  tlitn  iih>1i-cI.  and  tt'sUil  ngiiin  to  EiMvniioif 
llif  ;u:idity  !«  ilitc  wlmlly  m-  in  jiart  tn  ttirhonit-  acid.  Addity  and  nllu* 
linity  are  determim-d  i]iiniuitjitively  liy  titration  with  »'iiliiii>miulHilii- 
tidim  of  xxiimn  hydiuti'  mid  hyiliXK'ldoric  aeid,  luiing  liitrnKiid  >' 
plien<dph(lmli'iii  and  incilivl-ontu^  a»  indiivators. 

Determinatioii  of  Turbidity Knr  (In-  lU-tcnninutton  of  tin-  ilcpf* 

of  turbidity,  si-viral  mrtlntilt*  are  in  use,  amnng  wbieh  ihi-  fnUitwiti);  nwT 
bt*  nifiitiiincd  :  Milhoii  '  n'<M>niini-ndi>  »tMi<liir(li<  matlc  by  luldinj;  nvigtinl 
uniuunt"  of  krioliri  to  distilled  water,  eueh  rejirc-^ntin^'  [mri'  f! 
I,000,tl00  of  kaiilin.  \Vhi|i[>h-  and  .laok-wtn '  ctiiplny  limly  |ii.inii-tw! 
dill  torn  a  eoi  us  uu'th,  iiWeiid  of  kaolin,  bemuse  of  the  greater  unifunuilv 
in  the  liixo  of  tht>  jiartirlcs.  }liiiu-n'  nuiuiuits  il  by  lU'tcrndiiiiiglb' 
df'iith  at  which  a  0.1  mm.  platinum  win-  i:au  nu  Inn^r  he  H;en. 

Detection   and  Determination  of  Lead Many  prvx^-^r^  hn 

\xin  [H-ojio-Kii  I'T  biXli  i|ii!ilitiiiivc  and  (iiiiinlitativt'  deU-miiniiliim  ff 
thi^  most  nndosirahic  contamiiuition.  The  tiini]ile»t  tt^,  but  hy  no 
ineaiiH  tJic  Ik-*!,  <.'un»ii<tK  in  utUliii)!  a  drop  or  twu  of  itmiuoniiim  fnl- 
phide  to  a  volume  of  water  in  a  tall  (iIhss  eyliiidcr,  awl  imtiiig  t^* 
chiinii'Ifr  iif  the  dj^ciilomtion  |>riHhi(i-d.  If  diirkeniit);  <ii-(-iirs,  <hu'  to 
tlif  f'lrmation  of  a  niHallii-  .-ulplijde.  the  addition  o(  diUiit'  hydni'lili'™" 
lu'id  will  distitiKiiifh  Ixtwwn  k-ad  and  iiim,  the  wilpliiik' of  tlu- la"" 
bein^  Bolnhle.  To  ihnsie  who  lmv(f  hail  i)r!i(-'ti«il  cxi>erien«-  lU  ui- 
l(.-clin{r  minulo  lunoiintt^  of  iiii-taU  in  wutiT,  tlii^  nK-llhat  i«  far  f^"" 
siitisfactory.  More  or  l«ts  color  is  impLirti^I  by  tbe  aiiinHiniiiin  J"'* 
phidi',  ami  moro  or  It^vi  tiirhidity  is  |)r>idiii'<il  I'oinnionly  nn  \if  ua- 
dilioii  (»f  the  aci<].  Sloivover,  ulieu  lu i con «iit rated  water  i*  «<•! '"' 
till-  uwt,  no  n-jiction  may  occtit,  idtliouirli  tin*  jH^isonoiis  mrtid  if  pw*"' 
in  niimite  t.r:u?M. 

.\milhpr  simple  t<-st,  di'|N>nd!nt;  upon  thr  form.ntion  of  h-td  chn'isal'" 
has  bwii  uftered  by  S.  Harvey,'  who  daiiii)-  that  water  eontuinii));  O^P 

'  Jnunuil  of  ihc  AiiirriMn  (lipmiml  ?.iri»rlv,  X.XI.,  i>,  Stfi. 
*T»chni>l"io' Q'iii"<rlr-  Xlil,.  N'.K  :i,  SFjiivoitvi,  IWH. 
'  Jiiiirnal  itf  llir  l*'niiikliii  luttitutf,  19W,  \i,  177. 
*  Tb«  Aiuljvt.  April,  inm. 
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milligram  of  leaii  in  I  liter  will  sliow  a  turbidity  from  cliromalt'  when 
2-'»0  <•«.  iirr  tn-(il<il  witli  (1.10  giiiin  of  pdinMsiiim  biohromatc ;  and  tluit 
in  twelve  hours  tlic  i»rec-i|iitutf  will  (•i-ttli'  ;iiid  Ik^hjhic  dill  iiiori'  (It!^tinct. 

Sintie  !<m»ll  fitiii>nut.-<  nf  li';iil  :^ld|lhid<-  n^niain  in  ^uhitioii,  anil  I'an 
lie  t-cpurated  only  witii  nrwit  diffit-iiity  wIk'U  the  vnluiiic  of  water  is 
largt-,  it  is  biwt  tu  concf^ntrate  tlie  H])ei-inien  to  a  very  snmll  iiulk  before 
atlcniptiu};  tn'  pri'ci|»iliit<^'  the  IhkI.  Fruu  lliU  |Mjiiit.  niiwTinl  tlic 
nifthods  eniploved  viiry  verv  wmnideriibly, 

[<icl)rit'h  '  ]>ri-c'i|)iliitcK  the  \m<\  lis  .■•ulpjiidc  in  acid  ttolntion,  converts 
it  to  «iiil|)hate  by  trentmcut  with  nitric  and  sulphuric  acids,  and  diii^solvcH 
ihi.'i  by  waritiingwiili  aii'WiH-. of  PHiLilii-  |Hiia-ili  (I  :  10).  The  AolulioniH 
lilternl  and  made  up  to  '20  ec.,  and  '2  tx.  of  ammonium  i^^ulphide  aro 
added,  whereby  a  bn»wn  eolor  is  priHJiiecil,  which  may  I»e  i-oni])ared 
with  the  r^hadeo  [mxiufcd  by  i<imilar  iir^iirticnt  of  e<iiinl  volume*  uf 
di.slilied  wattT  ijontaining  known  amounts)  of  a  ^wlution  of  lead  sulphate 
in  mriMtic  potiu^h. 

iViitony  and  Ilenelli "  recommend  the  addition  of  mercurous  clitoride 
iM'l'iin-  |ii'(i:ipilalioii  as  ^nlphidi'>,  bi'lii-viiijf  (hat  tiien-by  no  tnice  of  hiad 
«an  c*cii]je  complete  -i'p:irati"u.  The  combined  wulphidcK  aiv  tlltercd 
and  dritii,  then  heated  to  sui-h  an  extent  (Jiut  the  mercury  tiall  in  driven 
«fl',  Iwiviii};  the  lead  an  a  residue, 

Mr,  II,  W.  f 'lark,'  arter  trying  all  known  methods,  finds  most  sati§- 
fiiction  tu  the  followiiig  piMK'e.'s*  devised  In  hi(<  labi)nil"r\'  :  Iti'iOO  ei". 
are  e\ii[>ijrjite<i  to  ^S  or  ;i0  re.,  U)  or  15  cc.  of  ammonium  ehloncle 
ifohilion  adde<I  to  a^ti<t  >icpiiratinn  of  the  Milphidex,  and  u  etuii'ideruble 
excvfs  of  stronsr  ammonia.  Hydrogen  sulphide  is  then  aiWcd  and  tlie 
dish  allow«il  to  .'■liiml  lutme  h'iiiri<,  alU-r  which  more  ntumoiila  iind 
hydrotjen  sulphide  aiv  adiled.  After  boilinj;  to  es[)el  the  excess  of  hydro- 
gen sulphidt;,  the  priripitaU^-  I.-"  fd(en-<l  otC.  It  contains  any  lisid.  Iron, 
voppcr,  or  zinc  a»  sulphidce,  and  other  suspended  or^nic  and  minend 
suhstanees.  It  is  \4ash4Ml  once  with  hot  water,  Jind  the  |Ki{)er  is  then 
hiiiled  in  dilute  iiitrieiieid  (I  : -t).  It  is  then  filteixtl,  and  wnshiDg  is 
coniiiuied  as  lon^  a-  any  acid  is  reniovecl.  The  filtrate  and  the  wush- 
ihjr*  are  coneeutrali-d  to  about  10  or  l.'i  co.,  co"jle«l,  and  theti  utixei] 
with  o  IX.  of  conc(>nlnitcil  sulphuric  acid  (specific  gravity  1.84)  and 
heated  until  efipious  fumes  of  sulphurie  iieid  an*  evolved.  In  the 
nl»e»ee  of  nmiv  imu  than  O-O^^  in  inO.tldO,  aeetie  acid  and  ammonia 
are  wide*!  directly.  The  mixtnri'  is  next  boiled  and  filtered,  all  the 
iron,  dehydrtiti.ll  siliea,  and  insoluble  orpiiiJe  matter  iK-iiij;  l<-f^  on  thu 
paper.  The  filtrate  is  then  use^I  for  the  colorimetric  <)etemiinatiou  of 
lead  by  me;ins  of  eorupiiriscui  of  the  shade  prodinHHl  by  the  addition 
of  hydrogen  htiliibiile  .-olution  with  a  srt  id'  Ktiuidards  eontainiii);  known 
amounts  of  h-.id. 

With  mup-  than  0.02o  iron  in  100,000,  the  process  is  Mimewlmt 
different:  the  lead  snlpliate  is  washed  into  a  beaker  with  alcohol  and 

'  rhttmiVcT-'Miaag.  18JI8,  XXII.,  p.  2iS. 

*  Joiinuil  til-  (ilinrinacie  ut  He  (rlirnoo,  HfOS,  Nn.  ',  p.  72. 

'  Loco  I'iUilOi  p.  583:. 
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water,  and  allowed  to  Htiind  ovtr  niphl,  und  then  filtered  off  and  vtaahrf 
with  oU  ]M>r  n-nl.  alonhul  until  free  I'roni  imn.  The  Iwid  Mil)ihate  U 
thvTi  dUM<ilvc<]  by  iHiiling  tlic  liltirr  witli  iimiiiontiini  aoL-tat«  in  s  pctmv 
lain  dish,  ExjHTipni-e  Imw  demons tratw!  iliat  ihi^  procctti  is  cjitnineiy 
urciiixili'  luii]  ri'liiiMi'. 

Tiio  author  finds  the  following  process  nimple,  rapid,  and  aonirai'. 
E%'niKirato  .1,000-4,000  tv.  of  water  to  nl>oiit  I5-2t)  cc.  \a  n  iioiwlilin 
di»h  ;  add,  little  br  little,  iin<1  with  f^i^ntU-  liciit.  ituflieii-nt  dilute  liydrv 
chloric  acid  to  di^Mtlvc  siny  incniriation  of  wiltn  on  tht-  sidi-s  and  U<nm, 
and  to  ^rive  u  kHi/IiI  iioid  mielimi  ;  llu-n  n<l<1  ■'V-IO  eo.  of  liydmi^eii  'ul- 
phide  water  of  good  strength.  Any  lead  present  Is  precipitated  in  a  i'fi>' 
fine  (ilat*',  but  not  no  tine  lint  that  the  entire  ■iiMinnl  ma  lie  c<ilI»tnJ 
on  a  Swwlinh  filter.  Wiwli  twi«-,  and  then  tn-at  on  the  filter  with  M- 
ing  diliit*-  nitrie  acid  until  the  black  dejMiftit  is  wholl}'  disi*i>lvi-d,  W'a-ii 
witli  hut  wHtcr  n»  long  iw  tlie  wiiwhings  arc  aeid.  «n<l  add  them  tulhf 
nitric  acid  liltrate.  Kvaporate  to  dr}-uef«  in  the  original  ditih,  sJ<l  I'l*- 
tjlled  water,  und  agiun  dry,  Dittifdvo  tlic  r(«i<hic  in  liot  dii<iilli'd  wsif 
and  make  up  to  •lO  cc.  Take  i>-10  cc.  und  dilute  lo  about  HO  w.Milh 
di.^'lilli'd  water  in  a  gliiw  ('om)inriMon  lulie  nf  IIMJ  ™\  cojunn, ml'! 
hydrcif^i-n  jiiilpliide  water  in  suDieicnt  amoniil,  niiike  up  to  100  iv.  "ill' 
difttilled  water,  and  iniN  thoniughly  by  inverting  the  tube  a  nnmbfrnf 
timee.  Cmnpure  the  depth  of  oolor  witJl  iIiom- of  a  Wtio*  of  tnln* 
tontaining  known  amounts  of  lead  a»  laid  uilrat«,  treated  witJi  Iivdi"- 
gen  vnlpiilile  in  tlic  s:iine  unv. 

The  sUindani  i-olniion  in  mside  by  di^?l)lving  0.160  gram  of  [Wtv  M 
oitruic  iu  1  liter  of  di.'Htillcd  wiiti'r:  I  ce.  reprcjieiild  U.i  tuilligiani  ol 
lead.  A  convenient  scale  it!  made  with  I,  2,  3,  4,  5,  6,  7,  8,  »,*»• 
10  re.  of  the  ftiibttiou  in  lOO  ee.  If  the  liydmgen  Hnlphide  naW  ts 
mldol  iilUr  dilutiuf;  In  iiliinit  SO  er..  iIk-  ix-snlt  i»  a  ^-rit-s  of  Mifliriiiil'j' 
clear  staiidanU  showing  sliMr]>  iind  regular  stjigcs  of  c«)Ior,  I*  l'"' 
reagent  in  ndditl  bd'ori'  the  kwl  .suit  hiL^  l>een  Miflidonlly  dilutnl  i'>^ 
Htaiidards  are  very  turbid,  and  are  lucking  in  tlic  vcr;'  e«(v»tiitl  p»oif 
titm  of  color. 

Shonid  tile  depth  of  color  obtained  in  ihe  preliminary  U*!  la-  gn^^'^ 
tlian  that  given  l>y  Xo.  10,  a  Hmiiller  amount  should  1^  taken  awl  *' 
rx|N'riment  re]MiitiHl.  iithoidd  the  color  be  ver^'  tiiint,  tlte  whole  xro"-' 
remainder  may  lie  treated  and  comnnred.  Fiwiu  the  n^ult  nhlaiiif^^ 
matching  the  wdore,  tJie  amount  of  lend  in  jmrts  per  100,000  is  (vi■^ 
en  I  en  hi  led. 

IC.\.\Mi'l.E, — Ten  cc.  treatwl  as  aliove  gave  a  color  reaction  mi'l»:»;< 
Iii-lween  standtifdM  fi  and  7  ;  heiiee,  onir-fiflh  of  (he  whole  contniii^  O.OJ 
milligram  of  lead,  and  the  entia>  amount  contains  3.25  tnilligram 
The  amount  of  water  cotiei-ntnitisl  wa.iS  litem.  Henix-  I  liter  of  wiiim 
eontiiiiis  l.MX  milH^ims.  and  I0ruf,,or  I00,0tK)  milligrams  of  water, 
ontiiiii  O.liiS  millijrmm  of  Irad, 

Detection  of  Zinc, — One  i.t  rivi'<i>nably  wfc  in  n^gtiming  that  waua 
which  has  been  in  nootaet  with  giilvanieed  iron  will  show  tlie  pprwn 
of  xinc.     This  may   be  determined  quantitatively  by  evsporalitig 
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[qtmiitity  of  wTiU-r  tu  ii  smsiU  bulk,  hratiiis  tlit'  IuIUt  witli  »  »iiltioieut 
[aiiioUDt  of  tlililte  hydrmrlilorie  aekl  in  iirtltT  to  lake  tip  ally  oxide  or 
:  €;irb<>i)tiU*.  and    tlii'ti    |>i'ii<'i'iiliii|^  to  llt<.-   |ii'iTi[)iliiti<>ii  nf  ihi-  iiidpliido 
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titU-T  making  alkaline  with  aiiiiiionm,  i'or  (|UalilatiV(?  ))nr|x)p«^, 
volume  xf  wiiUt  t^  luitdi'  nlifflitly  alkiiliiic  witli  amiiinniii,  iMiilit),  iin<l 
6lt«red.  Tho  addition  "f  a  lew  drojit;  of  test-solution  of  pota.'i'iin)) 
fi'rrocyiinidc  to  tlip  fillralf  will,  in  the-  pn-.-w-iin;  of  ti-awi*  of  xiiw,  (wiiiur  n 
white  precipitalf,  or  at  leiwii  nil  opiilwci-iioc,  which,  however,  may  uot 
be  distinct  witiiin  a  half  hour. 

I  Detection  of  Tin. — Alttioujjh,  "O  fur  lU  known,  tin  in  vniivr  hu»  no 
sanitary  sign ifii sin w,  it  someliraes  is  deiiirahle  to  ascertain  itw  prewnoe 
in  water  and  in  other  Kiilwiam-esi.  For  mpi<l  lotiiig  for  lhii<  inetiil, 
tl»e  nu'lhod  iteom mended  by  C.  Denjpcs '  may  be  eniployecl.  This 
depends  ti|><>n  the  fuet  llial.  ntainiou.'i  comjHiunds  tnune  a  redd inh- violet 
color  with  nitrate  of  hnieine.  The  brucine  xohition  ic  nmde  by  diis- 
Rolvinjr  O.-S  gnini  uf  bnieine  in  .1  ec.  of  nitric  aeid,  dilutinji  to  'i^O 
cc.  with  distilled  water,  Iroiling  for  fifteen  iiiiniite;>,  and,  uIUt  eool- 
iiijr,  makiiij;  up  the  vohinie  to  i-IO  cc  again.  The  water  is  evapo- 
nitwi  to  dryness  with  a  little  hyiirochloric  aelii.  'Hie  m^idiie  is  di.v- 
|solved  in  a  very  little  wat*r,  and  to  it  if*  added  1  ec.  of  the  bnieine 
lutioii.  If  Ko  little  as  the  Iweiitieth  inirl  of  :i  niillif;nini  of  tin  ia 
ent,  the  color  change  will  be  di.-tinetly  shown  even  in  the  presence 
fijf  iron  :ind  ('i>|]|n-r. 

Detection  and  Determination  of  Iron. — This  very  common  and 
fntpieiitly  tninblesonie  constituent  of  water  is  detected  very  wisily  by 
Leon  cent  rating  a  sufficient  volume  of  the  sample  to  a  small  bulk,  enn- 
Wwliiij:  the  iron  pn^ent.  from  thi-  ferrous  In  the  ferric  form  bv  lM>ilinjj 
with  H  little  nitric  acid,  and  adding  a  few  drops  of  a  solution  of  potas- 
sium snlphoeyaiiiiic,  «  hieh  cansc-s  a  d<i'[t-n'd  iiilomtion.  Hy  im'jins  of  li 
«cale  made  with  kno^ii  amounts  of  ferric  iron  treatc<l  with  the  same 

■  volume  of  test -solution,  the  amonnt  of  iron  may  ho  determined  i[uit« 
aceiinitelv.  ,\  itaiidanl  snhilion  of  inui  niav  V'  niadr  bv  disi^olving 
O.lO  grani  of  pure  metallic  iron  in  atpia  I'egm  and  diluting  to  I  liter 
with  distilhil  water;  I  ee.  ri' present.'"  0.10  nililiijniin  of  iron.  The 
H  Comparison  scale  is  nuulc  by  diluting  pn^rcssively  increasing  volumes 
with  distilhil  wiiter  uji  to  mnirly  100  ct'.,  ndding  n  few  cr.  of  a  .">  [mt 
«'iit.  sohition  of  potiissinm  sllIphoe^-anate,  and  then  makiii);  up  to 
lOO  ee. 

For  other  determi  nut  ions  of  a  «trictly  tcchnic  chariu'ter,  the  n-ndcr 
lb  referred  to  the  many  excellent  treatises  bearing  on  the  subject. 


Inferences  as  to  Character  of  Water  from  the  Results  of 
Sanitary  Chemical  Analysis. 

It  is  imjmssihle  to  fix  any  alisoluti-  Hinndiinls  by  which  to  pass  n]x)n 
the  potability  of  water  without  reference  to  itif  origin,  for  surfmi- 
waters  cannot  U'  judged  by  the  same  standards  as  ground -waters,  and, 

'  Revue  Inl«miitiamilr  dci  Folsifianion),  YIII,  p.  OB. 
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mrtrcnver,  ttiaw  whioli  flpply  I"  waters  of  cither  cliii*.*  from  one  Iwcnlity 
may  lu-  wholly  iitiipplk-iiblc  to  thone  from  aDotlier.  A  surfaw-iratpr. 
fill'  iusiaiK^n,  mtiy  wiihoiii  {m-juilic«  yield  an  imioiint  nf  tilhimiimjitl 
amiiioTnii  wliifli  wimld  be  niOKt  Husi>ioio«i8  in  tlic  rase  of  n  ^mnt]- 
water;  while  the  latter  may  cuiitain,  hikIit  Monu-  eincuniritHmfs,  im 
niiKiiint  of  fni-  iitniiKiniii  iiK'oriNi.vttiit  willi  |H]rity  in  llif  ra«.'  of  lite 
foniipr.  A^piin,  an  nmoiint  of  ehloriiie  ivliicli  in  a  water  from  iiuur 
tlic  Mil  would  lit-  ncirm:il,  woiilil  inili<iite  in  iiii'iiIiit  fniiii  fur  tiilund  tite 
pn-Tiicu  of  scwajje  niiitttT*. 

Ammonia  may  bf  (■xjit-cii-d  in  soiiii-  amouiii  in  any  water;  it  ii* 
chiif!wt<.Ti»lic  of  dfconijHi-^ilion  of  orpinic  Ditni)it-noiiP  matter  of  inno- 
cent eliarartcr  as*  well  an  of  sewage,  and  it  may  Ix-  iin-jicnt  in  ooni-ider- 
abk-  snioiinl^  in  lx>lh  niinnul  and  ]H>lliili'd  watern.  Kiirtlimnure,  it 
may  be  iirewnt  in  liigher  amoiinis  iu  walei-  from  an  uneonlaminaled 
iIi-i-|i-ImiiiiI  Well  or  in  Morinl  rain,  t.li»n  in  ]H)lliiti:-<l  wiitcT  tluil  )uii< 
iiiidci^oiie  rhcmii-Hl  ehiin)^-.  Albuminoid  ammonia  may  Im>  yielde<t  in 
t<<]iml  amouniri  by  a  wan-r  contiiniiniititd  by  wwiip-,  ami  by  one  i|aitc* 
fnv  frt^ini  it,  lint  r'wh  in  diswolved  vi^etable  matter  derived  from  leavei?. 
Riehiieoii  in  mineml  matter  may  l>e  jircsent  pi|na]ly  in  normal  and  |m>I- 
lut(<d  walcrs.  A  iiuii-  wnter  nmv  !«■  rieb  in  nit ntiw,  wliilc  a  wwiifn."- 
water  may  have  loi-t  them  by  reduetion.  Either  may  be  colored  or 
niA,  I'lear  <ir  turbid,  and  iidorous  or  iMJorh'sit. 

There  is  one  (^nutltiient,  however,  the  presence  of  wbicti  in  more 
than  nu^Minible  <)Uanlity  iii  a  tolerably  f-nn-  indication  of  jfilliiiion, 
that  is  to  say,  the  nitrite?* :  but  tlieir  abwnce  is  not  a  guarantee  of 
imrity,  for  in  {jnissly  i"i!liilt^i  waters  they  may  U-  wholly  wanting.  In 
(Cemrnl,  howe\'er,  it  may  be  ivt  down  as  a  safe  rule,  that  nitrites  ami 
liijili  irw  ammonbi  togetlicr  mean  recent  poliulion  ;  occurring  continu- 
ously, tliey  indimte  conrtunt  jiollntion  ;  and,  with  cliiorine  fairly  uliove 
the  loeid  normal,  onlinary  sewage  contamination.  High  ammonia 
with  nitrite)',  bat  with  no  nnirktHl  incn>iii>e  in  ekbirine,  niav  indioaie 
contamination  by  matters  from  manured  larming  land. 

Tile  n^sulin  ohtniiM^l  in  ibft  elieniiciil  analynini  of  n  speeimen  of  w»tftr 
are  nfteii  quite  ^iifKetent  for  the  formation  of  uu  opinion  of  its  »uit- 
nbility  or  nnlitness  for  general  domestic  pnr|>aHes,  but  more  often  a 
knowiedp'  of  the  tuinree  and  the  :>nrronndingv  theivid'  in  nenwKiin' 
for  their  itit^'lligent  interpretation.  They  may  be  tiurh  as  to  indicate 
that,  wbttlevrr  il.'*  iHiuri'e,  the  wati^r  which  yii-ldeil  tlieiii  '»  very  good 
or  distinctly  luad  ;  but,  on  tlu-  otiier  hatwl,  they  may  be  sueh  tlmt  full 
kniiwlcdgi^  of  all  the  facts  I'*  imperatively  necessan,-  for  the  fonnation 
of  a  eiinwl  jndginrnt.  A  water  yielding  the  following  rc-»nltn.  for 
insinnve,  may  unhesitatingly  be  pronounced  to  be  of  undoubted  purity 
»o  far  11*  clicminlry  «m  di-temiine,  fjnite  irresiK-ctive  of  fniutre  (tlu- 
figures  expre;^  ports  jter  100,000)  : 


F>cc  amiiMiiua  .  .  . 
AlhimilDold  ammonta 
Nilrogen  u  nlirniiv  . 
NitroKM  ■•  tuiriic  - 


.0.0002 

.0.0018 

.0.04W 

0.0000 
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^^r^    tUnrinc  . Ci.fl7 

^V  V^llatil^- iw'liiif .1.25 

^m  I''U«l  residiK- l.dO 

^B  Tolnli^idiic S.85 

■  HudiJMt 1.00 

^B  AptieHrajicc,  dtai  and  bri^^bL 

^M  Cnlur,  nbiMsii. 

^H  Odur,  uIhuiiL 

^H  Ubnogut  abwi'vcd  un  igiiiliuii  of  nwidiie,  no  bluclcMiin^. 

In  thiii  i-nM"  the  Dfciinx  iii<lieau^  atni»<t  toLil  nliM>i)ce  of  oi^nic  mat- 
ter*, aiid  Uut  *lij;lit  ninouiitff  of  miDcnil  i-mwlitiiciits.  TIrti-  iis  no 
""88^*'""  ^^'  '■"Htiuii illation  of  any  kind,  and  ilie  only  conclusion 
tliiit  can  1k'  ilniwn  i^  tlmt  the  walor  is  ])iiry  nuil  will,  nn»I  »uitnblo  Cor 
all  domestic  puqtortfH, 

Oil  tbc  olhpT  Imnd,  tliu  followiiiK  wwnlta  may,  in  ihv  tmrnv  way,  be 
sufficient  for  un()ualiliod  i-onden]uatioD. 

Krw  nni jiin 0.4760 

All^iitiiirtnlil  jiiuriiciniu      ..     -..-.......---.     0.1M^d5 

^ittviicon  n.-i  iiilml»  ■...,--....  4.G00 

Ni(ni((i-ii  n<  niliilc*  0.051 

I'hlcirititi    .        . 4.27 

Vciliilik- rL--ulue  .11.10 

Kixwl  iwddlip  .    .  23.30 

Tdial  rv«M!ue 3\.iii 

llardriw* H.OO 

Appcamucv,  cknr  and  bright. 

Color,  nhiwnl. 

Oitur,  foul  ntler  heating. 

(.Iwniiu  iibvirnj  an  itiiiidon  of  londiic,  iiligbc  blnrkcning. 

TlwM  Ki^ulU,  wliifh  lire  iu.^timl  on(«  olitaiiuil  fmm  a  ^[KKrimcn  Bcnt 
to  the  aiitlior  with  no  statenieilt  of  ori^n.  warrantwl  a  re|>ort  of 
gniw  [Milhitlon,  ii'jpinllcs.*  of  ^w^iircc,  fur  lIic  |iiv..-«'iiri'  i>f  »i.'wii(ii-  nint- 
ten  wa«  undeniable,  ami  under  no  eircum^tanecw  of  ^>o^apliie:d  loca- 
tion oouM  any  othor  ri'inM-t  be  made.  Ini|Hiry  uiimi-riiiiig  lliv  origin 
of  the  water  bn>iiplit  the  information  that  the  well  from  wliieli  it 
aime  wat^  loeatwl  at  no  j^tsit  dislanoe  from  :i  li^miliiiijj  i'(-ns|m>o],  and 
«'a.'«  nsei!  fwiK'  when  iIr-  n.inal  !'i)nii.'e  of  !>np|ilv,  a  "rprinj;,  ran  drv, 
Repeitei!  attaekf'  i>f  ilbiesc  of  no  great  serioiisne.'ift  had  lK-i>n  notiei'd 
whwii'Vw,  dnrinff  tlie  jii'i'eeilinf;  thrve  yi-ur.i,  tiii«  water  had  iteen  iifW)!. 

These  two  waterv  msiy  serve  as  pnxl  examples  of  iindonbtetl  purity 
and  cxU-n.-ive  ]mlliilion.  liinh  arc  jironnd-ivator.',  iind,  what  is  not 
wilhonl  intcnwt,  they  came  fn>in  one  and  the  ■iiinie  ■imatl  inland  town. 

Such  refiults  as  the  abovp  ivi|iiin-  no  long  con^iihnition — they  «i)t«fc 
for  thfniwlvos.  But  it  very  e<iinmoiily  happens  that  even  a  single 
incredient  may  cause  suspicion  of  sewagi-  ]>olIiili<)ii  to  nriw  \t\ivn 
latormatidii  as  to  the  jncjilion  of  thi-  "iipply  i"  withhelil.  Thus,  the 
ainuiint  of  olilorine  may  lje  veri-  ei»nsiderablv  hijrher  than  the  lowest 
nortiml  enmmonly  nbM-rvetl  inland,  and  yet  will  under  the  amount 
whidi  i'xf:ite»  no  iidverw  ctmmieiit  in  a  water  from  the  coast,  Thiie, 
3.8.5  parts  in  a  well-water  fi-oin  an  iKlund  in  Bfislon  Harhor,  an<i  l.W 
in  another  from    ihc  lH)r»Icre  of  Lung  Inland  Sound,  may  be  reganleil 
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an  fairly  low ;  while  if  found  in  Hpringa  in  thr  Onsen  Mountaiti  rengi-, 
thrv  wi>nl(l  Iw  mi>!^t  iil>ii"rniiilly  hifih  ami  of  nmoli  r^ipiifitanw. 

Again,  nin-h  an  amount  niiglit  ci>im'  in  conntvlion  willi  fair  rkMs 
of  the  iimmon !».■>,  and  then  nndrr  nm-  <'lt\»i^  of  vntHlitJon^  Ihr  oipnuc 
matters  would  api>ear  to  be  of  vegdnble  origin  md(I  in  another  to  Iw  & 
]Kiri  of  st'wiijfc. 

It  is  also  ini|KisKilitc  to  dniw  iiliiiqi  ilivitlinp  \itw>  Ix'Iwwm  sniall, 
<Hin>idi-iul>li-,  anil  high  amounts  of  (hf  ammoniai^ ;  hui,  iu  gfiirral 
terms,  it  mav  U'  rtntwl  tlmt  iiji  to  O.OO'i  or  0.006  ixirt  jMa-  100,000 
may  Ix?  regarded  as  low,  fr(»m  tlierealwut*  to  O.OIo  or  0.020  as  wn- 
(■idcmblc,  and  In-yoiul  ns  high.  MraMiniblo  nmotuiU  of  nitnU-*  nn* 
niniit  sign!  ticu  lit,  wbilv  nitrates  may  run  up  to  scvcml  whole  |)arte 
[wr  100,00(1.  Thiu,  it  miiv  ivndily  1m>  undcr!<tood  tluit,  in  t\w  mnjor- 
ity  of  ea^es,  th<!  rcjaiilts  should  W-  considere<l  in  conjunclioD  wilb  all 
nint«rriiil  fact.'i  ooniiecle))  witli  t^ouroi-,  surrouudingti,  ami  opjtortunity 
for  rcfi'iviug  pollution. 


Bacteriological  Examination  of  Water. 

Th(!  bactiTJuliifiiwil  jiniilysii<  of  water  may  lie  dividetl  into  ijnnnti- 
tativ)'  and  (|ualitative  dt -terminations.  The  former  is  eonimouly  ex- 
tt'n<l'fl  iivi'r  long  ]H'ri<>«U,  nod  IniK  for  iti*  ohjerl  t\w  di.'li.'rininiili»n  of 
the  normal  baeterial  content  of  a  given  water  supply  and  the  oltserv- 
nnce  of  miy  tinuaual  \'nrintion  tlierttfrom  ;  whiltr  me  Intter  ih  jmmiMit 
for  the  purptwe  of  dctcmiininp  the  nature  of  the  organisms,  and,  mure 
imiiii'iiliirly,  whi-ther  they  are  such  n^  are  to  l>e  found  in  the  t-xerrta 
of  the  IkkIv.  The  lindin^  (if  such  dotw  not  nuiin  mTejuwrily  tli.it  lin- 
u.-^e  of  the-  water  will  inevitably  prodtiee  diseasi',  but  it  indioites  the 
pORetbility  imd  probahility  that  water  contuiniiig  non-|iathogi-»ie  nrgnit- 
ntnis  from  thi^  Bonrce  may,  if  not  to-tlay,  to-morrow,  or  hiler,  U'conie 
infe(stv<l  with  otlierK  fmm  the  .-xinie  itouiiT,  (vi{Klble  of  aetiag  a"  thi- 
exuiting  cause  of  gravir  diansler. 

.■\k  i*  the  wij*  with  ehomioiil  nnalyiils,  it  is  iuipossible  to  fix  luir 
xtnndnrd  of  safety  based  on  the  mcrv  nniotiMt  expnswcd  by  (he 
i|i)iiiitilutive  iv.inlt-s  .-linrv  it  iii  the  nature  and  luit  the  animint  of 
iIk'  contiiniiniiting  matters  whieh  delenninfi  ihi-  (jui^tion  nf  (bXii- 
bilir\~.  Dut  sndih'ii  ih'viation.'t  from  the  seasonal  nnniuil  sug};:i->t 
unusual  aoceNs  of  eonlaminuttoii,  and  mwe  an  waruiiigs  of  potbiliU* 
danger. 

'llie  isolation  and  t^y^tematie  study  of  the  VAriotts  species  of  bacteria 
in  a  given  water  to  determine  whether  or  not  they  nwy  Ik>  pntbtKl 
wnie,  involve  mueh  taUir  and  an  intimiile  knowledge  of  Ixiclerio- 
logicnl  technio  which  ran  l>e  ui-tinind  only  by  tlionmgh  training  in 
a  baeteriological  lalmratory.  I'ainiliarity  vrith  tlie  meUtoclH  of  pre- 
juiring  iniltitre  niclia  and  nmkiag  eidttiny,  of  isolating  siMfi4->  and 
rtiidying  their  ehanicteristie.«,  is  therefore,  s  uecesaarj'  qiialifii'utinn 
tor  the  pursuit  of  bacteriolngiral  examination  of  water,  and  iinythiiig 
more  than  ii  brief  outline  of  s{)oeial  mctliods  cmpluyiid  in  tliis  \mt~ 
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ticiilur  fivlil  »i  rw*«»x'h  woul<)  be  licvoiiJ  tlif  n'upc  of  a  work  uf  t)u« 
fhanirter. 

CoUectioD  of  Samples. — In  tiikiTip  i>uiii|i]('h,  it  i",  of  wmnu?,  nocfs- 
!i«rv  U'  i.'lfc-ervo  tlii-  iinwl  rigid  [m'CfiiitioDs  again^it  the  inirixluctioi)  of 
4-xrnii)('^>ii.->  (ir^iiiUni.-.  All  v<»h>Is  slioiild,  tlicivtorf,  Ik-  jilMnliiK-ly 
ckua  an<l  »t«rile.  Collevtiou  may  be  Diuik-  either  in  siiinll  Inilb  lubi», 
(Iniu'ii  out  into  a  point  anil  neuUni  by  cU^uri.-  in  n  lam|t  tliuiii-,  or  in 
botllc*  of  iilwjiit  '200  "■,  raptwitv  vritii  niX'iiiiil  »top|>ir».  The  biilW  iire 
ni»<le  easily  liv  aiiylMxly  ^vh')  lia-  had  ordinary  e.\j>erit'nfte  in  i|uali- 
I:itive  iiniilv^iU.  Hy  \\\v  ii|>pli<'ut.ii)ii  of  iIk*  liistl  ofu  liiniji  iniiiietliaU'ly 
before  sealing,  or  by  vapoi'ijiing  a  drop  oi  euntuiiied  wator  by  the  eaiiie 
intitnx  Had  Hcjdin)^  jri^t  i\*  (Jio  lii.->t  of  the  gtenm  i.-  cM-jiitin)!,  tlicr  will 
contain  but  little  air,  and  when  used  arc  tillixl  oksily  tlirotigli  tlie  in- 
fliienw  of  thf  juirtiiil  vaiHiiiin. 

In  takiiif;  the  «iDi|ile,  the  |Kjint  is  intrwlucod  below  the  snrfaw  of 
the  water  and  lh<'n  broken  otf  with  sterile  foreeps.  The  bulb  is  tilled 
(wrtly  ttlnioKt  ininiediately,  and  then  the  bmken  ]nnni  is  Hi^deil  a.*  1«_— 
fore  by  the  apptie.ttion  of  heat  fi-oni  a  ;,*a^  tlame  or  alcohol  lamp.  If 
biiltleji  an-  iimiI,  they  ''li')iil<i  tir.'at  Ix-  waslii^I  on  iIk'  ooLiide  in  the 
water  to  l>e  fwmpled,  and  then  plunged  Iwiieiith  the  i-urfaee.  The 
stopperri  an;  then  withdrawn,  nad,  when  tilling:  i.t  mmpleu-d,  they  are 
n-plautl. 

If  any  eonsiderable  time  must  elajiw  Ix-fore  eultiire.n  t^an  Im>  made, 
the  !3implt:.-<  i>ltould  Ix-  pueked  in  ii-e,  in  onler  to  retarti  mnltiplit^atioii 
of  the  eonlaim^l  baot<Tia ;  and  sinw  very  low  trmiN-nitun-s  lunp  no 
hiirmfnl  irilbienoe  on  the  vitality  of  the  orptani^niH,  the  addition  of  a 
small  amount  of  salt  to  the  iee  may  !«;  of  advanlagi-,  although  fii^-/iiig 
hlionld  not  be  iwrrnillccj,  ou  ucxHJunl  of  the  diiii^r  of  bur^tinj;  th«  *'ou- 
tainers. 

Planting  the  Samples. — If  |io^ible,  ihe  planlin);  slutuld  l>e  aeeom- 
plixheil  on  the  tipot.on  aeeount  of  the  multiplieatinn  which  ia  inevitable 
with  delay.  If  this  is  not  po^jtjble,  no  n:riat<'r  dftiiy  .■<h(nilil  l»e  |>er- 
mitliNl  than  is  aliKoliitely  neees«iry. 

For  qualitative  dcieiininatioiis,  two  seta  of  plattii  should  Ik*  made  : 
one  on  )^-.]atin,  to  Im-  kept  ut  IJ*"— 22*  C. ;  and  nuc  on  a(!T*r-tipi<',  to  Ijc 
inculiated  at  "Al^-A^"  C.  When  working  on  a  water  of  unknown  char- 
acter hitherto  une.Yamintil,  diiFi'ri'nt  nmonutj"  of  the  sam|il(.' — I,  "2,  ri, 
and  ruon'  ilrop^^ — should  be  ui^ed,  sim-e  one  ran  have  no  definite  idea 
of  its  baetei'ial   riehncss. 

Id  (piantilalive  work,  the  anu>nnt.<  taken  ^honld  lie  mwiwuriHl  with 

pllitf  ^TtBtest  aeeuraey,  espr'eially  when  prelinuuary  determinations  have 

Pflbown  sueh  a   unpiilH-r  of  DrptniMmra  ixs   to  make  f^iil  dilution  with 

sterile   water    ueeessary.    for    any   departure   from   alisolute  acetiRiey 

intriHlnees  an  en-or  which  will  lie  midlij>lic<l  aieording  to  the  degree  of 

dilution. 

When  bulli  lubes  are  used,  their  contents  are  expelled  with  tlie  aid 
of  gentle  hi^it,  which  iitnxes  the  snudl  umoiint  of  contained  air  to 
ex[iaud  and  Ibree  the  litiuid  through  the  stem,  which  is  broken  at  the 


[loinl  liy  [)ri,-Niiii\'  from  sUtHc  fiin't'iK.  'Die  cxpclloil  nuter  i<i  received 
ill  a,  (itcrile  tube,  from  wbicb  il  may  be  u  ithdrawii  in  a  slerib'  gnutnittcil 
I)i|K'tt<-. 

Quantitative  Determination. — ^The  value  of  qimntitativf-  tri-lormi- 
iiiiiioiin  li<'»  ill  the  ('<iiii]uii'i.-<iinH  wbii'b  uijc  i^  rii;ilii<il  to  niiikc  from  a 
t^c'i-ie^  of  iH-riixlii-iil  cxumiiiationi^  of  tlie  (iimie  \f-:itt'r,  fur  tin-  inl'iniiiition 
to  Ite  cliTive<l  from  u  single  exaniinnCion  hua  very  liniiUtl  iililily.  By 
iii«tii»  i>f  {K-nixlitul  i-'iiint^,  one  U  cnabk'il  to  form  ao  i<l<-a  of  tbe  onn- 
()ition>i  normally  present  under  diflerenl  eiiviini.*liiiiw:',  mid  to  nirte  nt 
yiKt'  liny  ili-'tiirbiiif;  inflncixv.  iiiiiintitjitive  determinations  are  of 
hpeeial  value  in  noting  vliaiigeH  in  tbe  efficiency  of  sirid  tiltraliou  of 
pablic  ^tujiplic--*. 

Knowint;  from  prelitninary  test*  or  from  past  exppnonco  how  much 
svut4-r  Hhmilil  Ix-  taken  for  iflcb  plate  or  mil,  ami  tbe  dcgrt*  of  dilution 
necessary,  two  setn  arc  mn<ii.',  inie  on  pi'latin  and  one  on  apir-ajpir,  nnd 
the  growths  allowed  to  develop,  (n^liitin  cultures  are  kqit  at  IK"— 22* 
C. ;  tbe  other  tire  ineiiUitiil  nt  37  "-S^*"  C.  The  lower  of  ihes*  two 
ran^eH  of  tein|jerature  is  miieb  more  fiivomble  to  flie  niultip]i»itiiin  of 
onlinary  water  tKict<-ria  limn  tbe  liiirlier,  ami  eonsef^iiently  it  will  be 
found  tliat  the  en|oiiie«  developing;  i>n  the  gelatin  will  U-  deeidtiily 
moll!  unuH-rous  than  those  on  the  ujrar-ngar.  In  expressing  resulte, 
therefore,  menliiin  ifhonid  be  made  of  tile  culture  medium  <-mplnyt>d; 
and  ill  making  com)>arisons  of  one  cUiy's  n.«iltj<  with  those  of  another, 
the  ini]K>rtnnor.-  of  liniiliii);  them  to  figures  obt^iincd  under  like  eoixli- 
tioiiK  of  culture  miMliuni  and  tciiijxT-atiire  in  too  obvious  to  need  further 
mention. 

The  counting  of  tbe  eolonicA  should  Im*  undertaken  alwavM  itt  the 
expiration  of  ISmmI  intervaU  of  lime,  *irice  more  and  more  develop)  from 
day  I'l  fiiiy,  |Hirtieularly  on  agar-ajpir.  For  as-^istninc  in  (viunliiif;,  one 
may  employ  the  well-known  Woltfhngi-l  :ip|itinitui',  or  one  of  the  sev- 
eral mod ilieat ions  thereof;  or,  what  is  more  simple,  may  liave  llie  l»ol- 
tanijn  of  PMri  di^hts  or  under  ."urfiioe)'  of  Ihe  ordinniy  Rlass  plates, 
whichever  are  iisetl,  riiKd  off  in  wjuare  centimeters  by  means  of  a  writ- 
ing diiimoiid.  The  entire  number  of  iiilonic*  on  die  plate  ntiiy  be 
c«iuute«l,  or  thosi'  tailing  within  a  certain  numlwr  of  liquarm  may  l>e 
averaged  and  the  ichuIi  multiplied  by  the  whole  number  of  ttpocvs 
ODVcfwJ  by  the  onllure  iiietliuin. 

I>rs.  W.  llcs)«  an<l  Niedner'  Imve  propoMxI  a  method  for  qitanlita- 
tivc  dclcmiiiiiiti<ms  which  obviiito  the  owe  of  nulrienl  gelatin  iirid  all 
tbe  attendant  dis»dv;mtagv  due  t'>  liouefying  biKteria.  Their  most 
iiu[ioriaiit  nx-oniineiidations  are  a."*  follows: 

The  amount  of  water  planted  per  plutc  should  be  «ucb  as  uHll  pro- 
diK-e  no  niinv  colonies  than  may  ea.»ily  and  Hcciii-ately  be  counted  ;  tital 
i*  to  Kjy,  not  nioiT  than  a  hundnil.  A I  IkikI  five  plates  ^hoiihl  be  pix- 
jiarcl.  and  if  these  yield  rcsult»;  fairly  in  agreement,  iheir  averagie 
•IpKild  Ih'  tiik<-ii ;  but  if  any  plalc  giv(?<  ligiitt^  nion-  than  100  ))er 
wot.  removed  from  tlic  mean,  it  xbotilil  lie  <liscarde<I.  Tht^ite  should 
*  ZtkMlirift  Inr  Hv^imie  uml  lfir<vtiaiMknaUi«it«i,  SXIX.,  p.  4U, 
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be  kept  at  room  teiiijwrature  and  in  the  dark  as  long  as  new  colonies 
<U-vulij[>,  tluit  is,  f\tr  twii  to  ihnx'.  wccki,  iil  the  cnil  nf  wliioh  tiiiii;  oii« 
may  make  wmnts  whicii  will  have  »>me  claim  to  acciinu-y.  On  ac^coimt 
iif  ilie  <-vi)|irtrntioii  tluit  mciirs  during  this  linn-,  it  is  neoeiwarv  to  una 
for  rach  pltiti-  at  l«i.»t  10  to,  <>i'  ailtinv  iiKiltiiiii.  Tiic  iiuwt  -suitable 
Diediiini  is  made  with  1,25  parts  ul'  agar-a(pir,  O.To  pjirt  of  albumosc, 
uitd  9ii  (Eirt-t  of  iliHtiili.-<I  Miiti'v.  4ii*!iiliii  slmiiM  not  Ih-  iisi'il,  on  iii-<-ouiil. 
of  the  rajtidity  with  which  platf*  made  with  it  iMx-omc  iiHcless  on  awtiunt 
nf  Um!  liipH-lyiii^ loUmii'-,  which  oll^rnll't  wtmc growths  and  iii.-«K»Ivc  iiik) 

Linmh  others  awfiy.     The  iiULiliimi  iilmve  di'wribi-d  ]x>»seMi«»  tho  udvun- 

"tnge  that  it  m-eds  no  addition  of  aciil  iir  alkali. 

Qaaiitative  Determinat^ion. — Thf  ihiff  inU-rt^t  in  (]niiiitntivc  ex- 
amination .>!dnnkinjj-"'a(<T  lies  in  the  i^olntion  of  the  i|nestion  whether 
«r  not  inl(-»'tiiiiil  Imctcria  are  prewnt.  I'hiliw  may  lie  prc[iiirtil  iiiid  [iri*- 
servetl  in  the  STniie  manner  as  for  ipiinititalive  work,  exci'pl  that  tlie 
anioimr  of  wiit^-r  pl.inlol  iiiiiU  no  ain-nnite  nii-asuivnii-ni,  Imi,  on  iiC' 
connt  of  the  ustnd  great  pre[K)ndcrarK'e  of  the  enmnion  liarinlc^s*^  Imic- 
teria,  it  is  ninly  the  east'  that  oiio  ran  Lsolate  the  jMitho^ienie  varieties 
wilhout  n-eiinr^e  to  sjKTinl  niethwN  whieh  favor  iheirgniwtli  iinil  iir  tho 
same  time  kill  "H'  ilie  others.  One  sneh  method  eomiiiits  in  ineuWting 
the  >.-itn|ih-  with  lionillon  for  thirty-six  m  forly-i-ifjhl  liiHirs  at  .'17^— iS'^ 
C,  and  tljeu  preparing  |jlales  in  the  neiial  ivay.  Tlie  comnmn  bacteria 
an>  in  thin  way  Mibjit-liil  to  iN>ndili>in.'<  inifiivorahli'  to  tlit^ir  growth  and 
viudity.  while  tnnlli plication  of  the  pathi^nic  varictieii  is  promoted. 
Anothi>r  nn-lliod,  d<-|K-Mdin}r  n|ioii  ihe  rc.-<isl;niei'  of  the  ti'phoid  on^nn- 
i»m  and  B.  ro/l  cfinmiiiiiji  to  the  action  of  dilute  ciirbolie  anil  hydro- 
ehloine  ai-i<ls  and  the  imwerful  intliietie*'  of  the«e  agenU  mi  tlic  t^mimon 
water  bacteria,  wiimifti  in  incubating  a  ti-w  dmps  of  the  ramplc  !n  10 
cc  of  boiiiMon  eont-iiniuj;  a  few  drops  of  a  sulnlion  of  -1  jmrt^  of  phi-iiot 
anil  -I  of  hvilniehlriric  aeid  iii  [dtl  of  di.^l.incd  water.  The  Intnillon 
U  in''uUile<l  lirst  with  the  phenol  mixture  for  twenty-fonr  hours  at 
37°  C,  and  then  itii-ivii'  the  simiple.  After  furtlicr  incMbntion  for 
tweiity-fljur  hours  or  longer,  plates  are  made  in  the  usual  way  and 
the  resulting  jirowths  systematieally  Mtudied.  Still  iinollK-r  priM-ew  is 
that  of  IVtHniiir  Thcolmid  SniTth,'  >vho  recommends  the  addition  of 
a  fi-'W  drojui  of  the  water  to  lioiiilloii  oonwining  '2  \icr  it-tiU  of  ghieo>e, 
and  ineulKiting  in  fernu'ntatiou  tube*  at  S"*-?**"  C  for  Uurty-six  to 
forlytight  honrf,  at  the  end  of  whieh  time,  if  gas  has  accumulated  in 
the  end  of  the  tnln'.s,  plates  are  |ire|Mntil  in  the  iisiial  way.  By  ihijt 
priMvw  it  is  (>i)s»iblc  to  si?ciu-e  pniv  culuires  of  the  intestinal  bacteria. 
For  the  detection  of  li.  tiili  in  water  ^njiplies,  the  nsi>  ai'  ni'Utrtil-reil 
has  tieen  )iro|iciM<il.  Rothlx-rner,*  iii  lXit>l.  fonnil  that  this  wdor  is  re- 
duced by  this  oiyanism,  but  not  by  It,  (yphonun,  and  is  ehan^etl  to  ean- 
aiy-yellow  with  giwn  Hnnre^fvnee.  Ijiter,  he  diseovercii  that  d.'rtjiin 
nnnerobt*  have  the  same  [wwer  {Tf.  tein»i,  B.  frdeinrili/i  tnoUrpii.  Jl.  iin- 
thraeia  i^mjiliimiitiri).     The  nmjorily  of  the  aur()bie  [nkthn^-nio  bttctcria 

K '  Amrriran  Jnumnl  of  the  MeilimI  Si-li-ncvs  KcpUnnbor,  1895. 

^^L  'CentnilbbiururBakteriulugii-.  r(i'..  XXIV.,  p.  SIS. 
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hiivr  Imwii  tmb^l  nitli  nogativtt  renuiti).  ^hcfflcr'  fmiiid  tW  nwiii>ii 
to  be  cORHtaiit  ill  hU  invi^tigiilioii  tif  it  liirgi-  iiiiniber  of  new  uf  B. 
noli,  and  r:(iiicliulixl  that  orgnni.HDis  wliK-li  give  nrgutivc  resulu  nuTbt 
exduit(Hl  fnmi  ihc  I'oli  tri^>ii]>. 

Mak(;ill'  ruiinil  tluit  B.  Uiiiiii  a.nA  It.  <rtlfmali«  ntnlltfni  prodncr  ibc 
siinu'  cH'ift  iw  /{,  <-o/*  in  j;lii<'OH^tipir  e\tu  wlii-ii  Ifw  Mirtjinpof  tlic 
nioliiini  i*  cximkm?!!  tu  (lir.  Iitil  in  Ixniillon  ihf  anucrolK«  prwIiHT  liii' 
rnjciinn  only  when  nxj-geii  is  t'xeluJoil.  lie  dii^ivi-rtt!  ibii  B. 
mnimtrru-u/i  r.hnitgt'^  tliv  nil  to  u  ihill  <imn^r  liotli  in  botiitloii  mul 
in  ^liic'«si>-ii^ir.  Hit'  cx|x>riRiPiit«  thus  far  ix^m  U>  indi<^tr  ibl  n 
waliT  |»r<Klu<'iiig  a  tyjiii-itl  caiiiuT-wlIow  in  noiilnil-iYH)  niiiliii,  »iil)iM 
furty-i-i;;!!!  hotir«  in  l>uiii]l*>n,  and  uf.tvxiijiuiiiwt  in  ghiciiD'e-ngir  I7 
given  fluuit-(iceiiee  and  guj  fomintiMii,  amy  lie  considered  (o  wotujn 
Jt.  eoli.  He  finiU  llwt  1  tii  ft  or^knii'nie  per  cc.  wiil  pnKliiPe  tlH'nuf 
tion  in  biiiiillon  M-ithiii  twi'iitr-tbiir  Iiours,  and  Imyc  num)ii'T>'  wIiHd 
twelve  lioiim.  Hi'  conoliidts  timl  ik'UMIi'-rsI  uffords  a  ra{ii<l  niiil  ^vri 
dflii-.ite  tect  «f  thi!  prest-nw  of  It,  eo/1 ;  that,  ii«iiuK  vaning  ijUBiitJ^ 
of  w liter,  a  ruiigli  rslinitile  tniiy  In>  obtained  of  tli«'  niimlMT  ]im«ni; 
that  IL  ne^^itivu  n-Milt  with  n  fiiir  sumpte  in  evideun*  of  their  abftnttr 
and  that  farther  inve^ii^timi  in  nciih-tl  (<>  nhow  that  Iht-  mn'i""  1* 
|ii»ilive  evidi-nce  of  tlieir  prt^eiice.  idtlioii^di  in  hi^  cxpcriiueni*  ii  i* 
piVfieiit  whenever  the  reaetinn   oeeiirred. 

Siiviigc,'  itHing  )r|ih'iiKe  nicdiit  (broth  or  agur  »tntiiiiiiiig  O.'V  jierfftit. 
of  glucose),  ibiiud  that  agar  gives  the  Iwrt  results.  He  warns  npiuw 
employing  an  «x»i-.i«  of  iieiitral-rcd,  fm-  il  may  nnt  l»e  miucrd.  Hi* 
lK*t  nsidts  were  from  O.J  cc.  of  an  0.5  |>er  wnt.  aqtieotta  «iliitioii  of 
({rfibler's  iMitnil-nil  ridded  to  10  cv,  uf  hnrth  «ir  iignr.  Fnnn  tl" 
iKwullH  of  an  extensive  (series  nf  experimenti*,  tie  miieludef  tJial  fl  f**'- 
tive  renetion  is  not  iibHoltitcly  diiignortip  nf  Ji.  r^Ji,  but  lu  (Iif  ^** 
majority  of  ctiwk  iMiintj"  to  iti;  prtw^'iioc  ;  that  11  iicpilive  ixacti'iU 'I*** 
not  exeliide  it,  but  iiuikes  its  prew'iK*  highly  improliable  ;  and  lb'  [1* 
twl  i^  very  «wy  to  npply,  nnd  of  grwil  vahie  in  the  routine  cxaiuimiti'jn 
of  water. 

(•'or  the  deteetinn  of  thu  cholora  or^nl*in,  Knrli  rwoRinii-nd*  iiw'"- 

bating   100   «-.  of  tlie  snuiH'rtcil  water  \vitli  1   pnini  («ih  nf  .'*»l'in" 

eliloi'ide  ami   [«ptnne  at  .'17"  C.  and  preparing  lheri>fiii«i  at  iiii'-Mu" 

often  to  twi-niy  lumnt  agitr-aptr  plate:>,  from  wliieh,  if  r»h>i)H-i  dcvi'l"P> 

other  plantiii^fs    may  lie  made   for  s\'steni.ilie  investigation.     }'"T  f^' 

delertion  of  the  eholera  or^iuilxm  in  nmall  iiunihirH  in  iIh*  pn-^-nw  ■" 

water  iMK'terin,  IV.  A  rcn" '  hii*  foinid  cnii'^tic  (mta^^h  of  jLv'i-Innw. »'"' 

ri'i-onimendii  inonhating  IT'i  re,  of  wulcr  »vilh  2')  4v,  of  icinerms  Kmill'*'' 

ooDt.aining  from  O.lf)  to  O.Ui  gram  nf  the  alkali,  by  meuit)'  of  wbi'li'l'' 

growth  of  the  urgiiniMii  is  fiivonil.     Dr.  Aiifixvht,*  n'orking  on  fimilai 

liiiet*,  f<inii<l  that  the  ilevelopment  of  the  orgtiniHrn  iji  f^vore))  by  gi-lutin 

oontaining  I  jx-r  ci'iit.  of  eiui.->li('  vida. 

'  ri-iilmll>lnlt  (ilr  Raklrririloeii-,  rtr..  XXVIII.,  p,  IWI. 

*  J.-iinmlof  n.virirm-.iVt..U.r,  ilHJl.  |.  -KV.  '  IMdna,  |il  437. 

'  Miiiichi-nvr  miidii-inivlii.-  WMclii-inK'iirirt.  Mnivh  7.  IKIKL 

'  t'entnilbliill  (ui  lliiklaii>l'>gic  iiiul  l^mMlrnkiuHlv,  Mnivh  S3,  1803. 
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Comparativ«  Value  of  Chemical  aod  Bacteriological  Analysis  of 

Drinking-water. 

A»  the  wricmxt  <if  lisictoriiili))^  iK-gitn  I"  ilovi-lctji  mid  Uikr  the  (xwi- 
tion  to  whicll  its  mi|>oi-tanw  g;ivo  it  a  title,  its  tliscipli'!-  conceived  a 
?[tn)nfr  |m!Jii(li<)i^  ii^tiii^T.  :iiiil  (.-otiU'iiipt  t'nr  »iiy  n[t)ninii  an  t<>  the  pritu- 
bitity  of  a  partiuiilar  wau-t  baj^wl  u|>on  clit'nitwtl  niiiilysi*.  maiiitnlning, 
4juitc  i'x>rnH!t]y,ihuI  miiiiili-  :iiii<>iiiit.'<  ol' ainiiKniin,  altmminoid  iutimtiiiiii, 
ami  triilorinv  arc  iiKvijwibli.-  of  m-tiuji  jn*  tlie  L-xciliii};  wnijic  of  iiifwlivc 
disea.'^,  and  that  not  lluwu  siibntaiices,  but  only  speiatio  organ irim.'^  not 
drmiitixtTMbk-  by  olioniitiil  |iriH:t''«.-<<ti,  oiin  :<o  iiri.  It  miii't  b<.'  oiiin.'ili.til 
that,  fi>p  a  time  prior  to  thf  difcovt-rj'  of  tlic  nature  of  the  int'wtive 
agviitis  the  i  in  [Kir  111  till-  of  thv  n-siiItB  uf  clii-mioil  atHily.-ii!<  wili  grossly 
exa«eratc>l,  niKl  tliat  arbitrary  »l:iiKlardii,  siicli  i\s  wcrr  cslabliribed  by 
the  Rivt*rs  Pollution  CiniimirtsiDiifr!',  n[Niii  which  condnnions  witn-  ba.-<i;d, 
have,  in  tljt'  light  of  farther  L'XjK-rtciiw,  Wvn  alMiiidoui'd  iis  iibstird  and 
unimstworthy.  Itnt  il  iniiMt  iilno  h*^.  ciHU'cdwl,  even  liy  those  wlm  wore 
nuwt  tsiiislit^'  in  their  criti^-l-iiu,  thai  crhcnii''trv  is  ti^i-ilay  i-4]niil,  if  nut 
superior,  to  bacK'riolog^^'  in  indieating  jxistiible  danger  from  the  use 
of  wau-r  fxp(if<'d  to  wintamiimtiiig  inflnriKt's. 

In  the  earlier  days,  miieh  capit;d  wan  mado  by  bacti-Hotogists  of  tlie 
facrt  iliui  a  siunpli-  of  wnti-r,  iniH-iiliit(il  with  a  ciilinrc  of  ihi!  Iwi-ilUis  of 
typhi'id  fever,  «jis  reported  by  a  eheniist  of  Ingli  standing  a«  "f  great 
piirily  and  t-iiiiiieiitly  Miit.-ihle  for  ilonii'stif'  piirpowi^.  Such  u  tost, 
Iiowcver,  is  unworthy  of  the  aliglite;-t  oinsideration,  nlnee  under  nattinil 
conditions  a  water  slmwing  a  high  dcgni!  of  dieintcjil  pnritv  it  not 
likdy  to  be  infected  with  a  pare  cnllure  of  a  pathogpjiie  organism,  and 
the  submisflion  of  a  pure  water  so  tn-;itt\l  is  a  rniTf  tni[i,  the  setting 
of  which  i?i  nil  more  ])raiscworthy  tlum  would  be  the  tending  of  a 
Btwilc  solution  of  cyanide  of  jtot^Hsiuni  or  of  sulphiiU-  of  strychnint 
to  a  liactiTioJiigist  with  a  rcinit^t  for  an  opinion  fitmi  the  ^^tjindpoint 
of  hit  epecialty  as  to  its  desirability  as  a  ta-verage. 

Chemical  analysis  istii  show  tin-  ]irei*cnce  of  (>rgiinie  Hitd  mineral 
iiiipnrity  Mich  as  accompanies  infectiouB  matt/'rw  from  thft  int4«tine  and 
bladder.  It  cannot  give  grounds  for  a  [lotiitivc  as-'crlion  that  the  use 
of  a  wat4T  (lins  fM>lhitcd  will  inevitably  cause  disease,  but  it  can  and 
. -^oes  serve  to  point  onl  jiosslble  daiigiT.  It  can  ih-tcet  the  pn'scncc  of 
'iteWBgi'  matters,  and  while  il  cannot  ]>rove  the  presence  of  infectious 
mBlcrial  therein,  it  can  at  least  [H>int  out  that  the  (n-rnm-ncc  of  typhoid 
fever  in  the  community  furnishing  the  sewagi'  is  likely  to  be  followed 
by  other  ejises  of  the  disease  in  the  community  which  uses  the  polUitod 
water.  It  cannot  di^lingnisti  Ivphoid  |Mi|][tfioii  from  any  other  cxcre- 
menlal  ■■ontaminalion,  •iince  a  healthy  body  yields  the  same  chemical 
substauces  a"  one  that  is  discaseil.  In  the  cusp  of  wat<-rs  containing 
no  evidonw  of  cimtuniiimtion,  it  can  supply  the  hsisis  of  an  opinion  as 
to  safety,  but  it  cannot  furnish  any  guaranty  that  the  cundilion  U  jier- 
manent. 
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Biictrriolii^cttl  nnalyHH  dlflTerciitialen  bctw^^n  |nthog«oic  uiuj  wtt- 
pntliuj^iik-  ciiiiUiminiitioii,  litil  il  w  only  nirvly  that  it  m.t\is-  Ui  |Kiim 
(lilt  ditiijft-r  in  ttdvaiiee.  Kvcu  wlivti  au  mitUreak  ol'  typhoid  fever  ka 
ocwimcd  iind  itttoiitioii  is  drawn  tlwreby  tu  die  ooiulitiou  of  the  waler 
Mi]i{>ly,  the  rc^^itlu  of  bat-tori ulogktit  txaniiiiiition  art'  ^i-Dcrally  rnvaim. 
Tht'  mi.-nHi  I'lT  lliis  is  twol'uld.  In  lh<-  fii-at  j>liii>',  ihv  cxHrninniioii  for 
tlie  dcU'ctioii  <>r  tilt-  >pt<dfii-  or)piniMn  ii>  n'>t  •inliminly  ))epi[i  mitil 
attviition  i.i  draM'i)  to  ite  oeccnutity  hy  an  outbreak  of  tho  diwaM'.  Kliicli 
doea  not  ApjK-ur  until  hIhiuI  two  wwks  ftom  tlw  lime  coiitttmiiiaii>iD 
ban  ocururiX-'d.  (Tnlei^  the  contaminntion  is  DontinuouH,  by  ibr  limelk 
vxuminittion  Ik  instituted,  ibo  piitluiiii}r  mutmiilx  luivt-  imiIht  [«ii<«!  on 
Ol-  tlR>  t'jiocilii;  oi't^mihtim  biivc  iN.Tii^lii'd.  In  iIk  sgcoih)  place,  tun 
nitiioiigb  tbi-y  un-  pi-fvM-iit,  with  our  pn-sent  nn-tlKKls  il  L>  not  un  tan^ 
mattor  to  iouliilo  tlRtn,  itml  vvc  cun  iU-ti.-nninF  in  moat  aueti  oDtyihe 
prtjbability  of  their  pm^ence. 

It  ii|i(inl<l  bu  borno  in  mind  tliut  tlie  oiyiiniKint'  nn^  p<ir1ti-uUlr  Mi» 
in  tiii!<{ienHon  in  tr''ciit  dilution,  and  that  thtrir  dit^tribution  in  ii«t  Ikiiu<>- 
^■m-oii.1  MS  i^  ihi-  «w  with  sulKilAnii'n  il)  solution,  nm)  llmt,  ll»-n-fotv. 
the  amount  of  water  taken  for  planting  plates  may  not  contain  thus, 
Hut  iu  the  uiisu<irssful  httarrh,  it  is  not  uncommon  to  Bwi  /(.  "^ 
rw'imniiii;  and  where  thi:<  orgunip'-ni  lurki!,  the  other  may  havi-  IxfD 
present. 

Am  n  rub-,  bitvtonologiud  8oai-ch  for  tlie  ty])hoid  Ixurillui!  hi«  givm 
negative  resullii.  I^aws  and  Andrews  failed  to  find  it  in  tlie  scwa^*f 
London,  iiltbou^li  it  auist  have  Ix-wi  prewiit ;  and  tln-y  l«i<!  biii  3li):lii 
«iKrceiiH  in  the  examination  of  t^euage  from  a  h<Hpital  wlierc  forty  n\nf 
of  tlie  disease  w*-iv  U'iug  tnaittil.  llie  ntison  fi>r  this  umy  I*  ili»t 
ihi-ougb  abt^ice  of  euitidtle  TcmxI  material  mid  favorable  teoi|M,-niturr, 
und  by  ruison  of  the  uiilagonUtie  influence  of  thp  ordinary'  senp 
baHeria,  the  typhoid  biieilli  liad  loht  llieir  vitality  ;  or  it  may  lo"  ll""^ 
tbt-y  wi-rc  t«<  dilulwl  that  the  vohmies  used  for  planting  failwi,»* 
rule,  to  eoiiljiiii  tbem.  KMUitiiiittion  of  llic  water  Mip|KiNil  l>i  U-  wO- 
(Htrnj-d  in  the  unusual  outbreak  at  MaiiUtoiie  yielded  abbolulely  ikS»- 
tivf  rewuIlK,  :i]tli<<u;:b  no  n'nji-onabic  doubt  vnti  exist  that  at  somelinw 
they  had  bein  pranent. 

I'rofcsstir   Percy    Fran  Ida  nd,  who  luif  had   a    large   ex|)erieoce  "• 
dealing  with  micro-orgauIsmH  in  air  and  water,  esys : '  " The  delifti"* 
of  tt[)eeifi<-  ()alh<i);:(-uic  bacteria  in  drird<ing-uat«-r  is  now  known  to  ■'' 
almost   beyond  the  ranp-  of  pnieticiil   |»oIitiii',  an<l  the  M-aivIi  for  *»*■ 
bH(-t<-riji  is,  in  general. oidy  (■arriwl  ou  in  difen-nec  to  (b«-  six^-ial  mjU'"' 
of  llie  Invnmn,  thi-  nninitiiitt-d,  or  ibi'  liopclesttiv  iffnoninl,  ubilKl  it  in'* 
Hfrt  be  repeated  olWn  enoiigli   that  any  feeling  of  (*curity  which  "» 
Im>  gatluTi-d  from  an  UMsu(vr>«4fu1.si-an-li  for  [mtbogcniii  Imcieria  i^  wliol 
illn»ory  and  in  the  liighe.vt  degree  <]:ingerouH.    ...     Oy  far  the  mi 
ini()ortant  serviee  wliieii  has  been  n-ndenil  by  iNH-t^-riologA-  is  the  im 
wbiib   it  all'onU  of  eiuitiolling  the  eHieieucy  of  tiltititkin   atxl   iitb 
purification  pmc«s$cM.     The  slightest  irregularity  or  deieet  in  tljc  pn 
>  JounMil  or  lliv  HititUirjr  ImtitiiU-.  Oriobrr,  18M,  p.  39S. 


^ 


COilPARATirE  VALVE  OF  A^fALTSlS  OF  DRryKISG-WATHE.    419 

e0«  of  fiitrnliun  w  at  onci-  UM  Utrc.  IJactcriologlcal  purity  of  well- 
ifeaters  can  also  be  satUlartorih"  controlU-d." 

Pnifi-wor  W.  H.  Hornxikj",'  tim,  rfnuirkinc  on  thi-  fact  tliat,  if  ti 
GtHL-itlcrable  time  kits  elajMiHl  elnt^  the  ocTOiirTciii^c  of  }in1liitioii,  the 
iKK'tt-ni)!!!^!^!  (Icu-cti'iii  of  llii-  .t:uiii*,  c^jHi-iii lly  wlii'ii  wtitiTf!  iif  (;r«it 
nr^iDal  purity  are  cmwriied,  bocftmee  more  and  more  (liffir:ult,  adds: 
"II  is,  tiieri^bre,  evident  tliat  a  Imf^tA-riolo^iciil  •.-xa  mi  nation  h:i»  its 
limit"  of  iiiwfiilncK^,  and  a  slavish  adherence  to  it  nndcr  all  i.-undition», 
coDibineit  with  ntulcrt  of  the  hint-  (o  bo  ublainMl  by  olH'iniial  int-an.t, 
may  Kad  t"  a  ixTfiitly  niTinidins  jndfjincnt.  Still,  tbi-re  i*  on«'  bninch 
of  hypeoic  study  in  wliioh  iKieteriolc^y  must  always  reign  supreme; 
tt  i:>  now  »rki)owliii^>iI  on  all  .siili.^^  that  the-  working  of  mml  filt«.Ts 
for  public  watei-  siipplic-?;  cannot  be  [)i-oj>erly  kept  under  control  except 
by  appealhig  to  liai-ltiioln^iiiil  tni'llnid.'t  nf  rxuaii  nation." 

A  positive  rwult,  the  lir*t  instance  in  which  the  oi^nism  iBolaled 
r»pond«l  to  eviTV  U«t,  including  growth  on  gelatin,  ]HitaIo,  litnim 
fnilk,  bouillon  and  jflucosc  bouillon,  ajj^l lit i nation,  and  I'fciffcr's  test 
with  animals,  is  ivconli-tl  by  Drs.  KiibliT  and  Nciifcld."  In  this  niwo, 
thf  caiLsc  of  the  <liwiii>*i-  Isiy  in  the  u>*c  of  water  from  a  well  infoctetl 
by  the  urine  of  a  perwon  siek  with  the  dis»u<o.  Four  w(vk.-»  from  the 
time  of  the  firhl  cxiunlnation  when  the  bacillus  was  isolated,  a  Kctiond 
»iutlysi«  was  miide,  which  yielded  bacilli  which  r('S|Maded  to  all  the 
twtji  excepting  Pfciffi-r's,  which  cxi'cjitiou  was  !"iipjM>iti.'dly  due  to  mmli- 
tiwi  virulcuce.     Xo  colon  bacilli  were  present  either  time. 

A  se<K>nd  insiancc  is  n.conlc<l  by  Fischer  and  Flatau,*  who  isolated 
the  orgnnisiti  from  a  well-water  in  Rellingeii.  Similarly,  a  second 
attempt,  made  (our  weeks  Inter,  wan  nn.ineivssful. 

From  what,  hai  gone  before,  it  may  be  said  that  neither  chemical  nor 
bacteriological  analysis  i.-.  infulltbit'.  I'jicli  has  its  uses,  and  each  may 
be  lielpetl  by  the  otlicr.  The  value  of  either  lies  in  the  skill  diKplayctl 
in  interpreting  the  results,  and  thU  re<[uires  afi  much  knowledge  as  the 
making  of  the  examination  itself. 

'  linrli'riij|i>gii'iil  ExniiiinHliiHi  nf  Wnuir,  I«>t«l(iii,  IflOI,  ji.  3 

'  XftiM-Uriti  f<ir  Hvi.'ir'iic  luxl  IiirM'tiuiitkntnkliviicn,  XXXI.  (1899],  p.  133. 

*  Cenlrilblutt  fiir  Ikktcriologic,  etc.,  XXiX.  p.  329. 


I 


HABITATIONS,  SCHOOLS,  ETC. 


Section  1.     GENERAL   CONSIDERATIONS. 

It  i»  esMDtiul  b>  lirallli  that  tbe  lirtuw#  in  ulnVli  we  dwell  ohnl)  be 
built  upon  [M-n[>er  siles,  fiv*  IVoni  damjHH--<-  niut  orgiinit-  [H>lliition  ; 
tlicy  shuiiUl  [}(.•  |in>viilt.-(l  with  ii(l('(iiiJir<.-  iikuiw  for  lieuting,  vcntHaling, 
and  lif^tiDg ;  they  i>bould  be  well  supplied  with  water  for  gcm^ni] 
dotiii^tio  piiqtrxiw,  and  |>rovi<I«]  *vilh  a  \tn\]VT  ityAiym  of  ]iltiuibii)^ 
for  the  rriuoval  i>f  wMage ;  tbcy  titiuuld  be  coittitnicted  w icb  prnper 
prwsimioiia  ajpiiii-il  tlanipncws  from  wilbour  i>r  Ih-Iow.  /{nithiff,  rmli- 
intum,  lujltliiiij,  and  jihmOiiig  urc  wmi^idci-ed  below  under  thtir  several 
heai  lings. 

Aspect. — It  is  cnmmonir  direrti^^d  thtit  liubitatione  should  be  pla«d 
so  as  to  f:icc  tbewjutli  ;  bui,  untbniiniUoly,  om-  i.-.  not  alwav:*  in  a  posi- 
tiwM  to  W  <iviT-|Mirli«'iiLir  in  lln'  inntrcr  df  |M>ititj<  of  the  compass,  and, 
indeed,  there  seems  to  be  uo  purticularly  ^kkI  reason  why  that  side  of 
the  bou)>e  in  which  is  located  tint  main  vntniixt-  »bonld  thw  miutli  aiid 
the  others  respectively  north,  east,  and  west.  The  southerly  side  of  a 
liill  i«  very  lutii^'h  to  be  ]ireferrc*l  to  tbe  northerly,  bccauM;  of  the 
greater  amount  of  sunlight  and  of  protection  against  the  cold  winds 
from  tbe  north;  but  in  a  plain  and  eliWTiibcn',  wliiebivcr  wall  of  the 
bouse  faces  south,  there  must  be,  if  the  structure  be  rectangular,  one 
to  the  north.  Far  better  is  a  lo(-»lion  wiih  tin-  rtinuTK  of  ihe  botL«e 
pointing  north  and  SfUith,  for  En  that  case  every  window  must  receive 
some  direct  smilijjht  at  .■*omt-  i>art  of  thi'  day,  wber<iui  with  ^i^ies  taring 
dir«^-tlj'  north  ami  south,  tbo  windowif  of  ihc  former  rcoeive  no  dirtct 
sunlight  an«l  the  rooms  are  dull  and  cheerless.  In  largt-  eities,  aspect 
ill  I'ommoidv  a  minor  eonniilcmtiun,  ibc  desirability  of  a  lioUiie  lH*ing 
determined  mainly  by  other  circumstances.  In  general,  it  may  b<-  satd 
tliat,  when  [M^.<-iblc,  a  \nm!>v  :<b(Mdd  Ire  hj  ^ituaUd  iis  to  insure  an 
abundance  of  light  and  air  with  protection  agauist  the  cold  wind^ 
of  winter. 

Constimction  and  Amn^ment. — Consideration  of  building  nui> 
terial-  iind  Ihc  diiails  of  arniii|ri  nii-iil  of  rooms  and  division  of  Hottr- 
spavc  air  bcyotuj  the  sco|k-  of  n  work  of  this  nature,  ainl  it  U  nvcivaTy 
only  to  call  attention  to  the  importance  of  insuring  drj'ness,  light,  and 
air,  iukI  »iicb  thormigluii-s*  of  cotutruclion  m  )d>all  not  jtermit  a  ton 
getierous  amount  of  nat^iral  ventilation  with  consefjuent  waste  of  liot. 

Of  Itw  vriy  pwilt'!"!  importamt-  U  thtt  cliamcler  of  llie  cellar,  ihai 
part  of  the  bouse  which  is  niont  ne}rIeotc<l  during  both  const ruci ion  and 
ucnu]iaucy.  Uul>«it  ti>G  site  is  one  of  unusual  dn'n«sts,  tbe  o^ar  floor 
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Miiv  and  to  Hoil-Eiir  :iiul  itw  Lfniiumiimtinti,  ^lu-li  n»  ^i^  iVom 
kill;;  iimiii*.  TW  riximbiioii  walln  pihoiilil  li(>  li|;ht  ttml  dn',  and 
■IkuiM  cnntain  ill  thtAr  upper  purt  a  Miltidcnt  tiiimlHT  i»f  windows  uf  a 
sitt  Ut  Bclniit  nil  nilo<[iiatv  »iip]>Iv  ot'  lij^it. 

The  va\U  f'hotil'I  \k  iiukIc  a*  far  H"  iHi»il>K-  proof  iignitinl  Wind  and 
i*Y^lhi<r.  In  i-.vposKi  |HMitii>iiM,  it  nmy  Ik;  tlint  a  clupbuanktl  wull  ts 
farJritT  llwin  mic  of  brick,  fur  the  liitU-r  imiU'riiil,  if  very  jxirous,  in  not 
unoHiiinoidv  w«t  tlintugb  by  driving  ruin,  and  dm*  not  quickly  iK'cuniu 
'^rjiin.  S>inet4Fm-«  it  bi-comci*  iiif'C'.^ary  to  cover  an  onlire  hrirk 
with  a  pmt<<(;tive  ntatiu);  of  paint,  or  even  witli  a  Hliuilliiii};  of  tin 
rtc.  Kiir  pp)t<vti'>n  iiininfft  diiiti|mcs.'«  hikI  <i)IcI,  t-xt^rual  walls  may 
!  Iiiiilt  with  an  intervening  air  eiwcp,  which  urtif  like  (hat  of  a  iloiiMc 
oindow  ;  th«  outer  and  iiinw  faccn  of  tho  wall  are  joined  at  intervals 
tj  bondinj;  bricka  or  tit-n  of  various  matvriaU,  including  bard  iion- 
]nmtu>  liri(-k:4,  ^1u«h)  brli'lcA,  ami  iron. 

It<M>f)f  kIkmiIiI  )>^-  tight  fiiid  protcettxl  ii^iinst  the  bucltiii);  u]i  of 
I  Water  frora  ni<;lting  snow  and  ice  when  the  gutlrrs  are  tilled  witli  ice. 
«  oovOTingjslfltv  M  much  to  be  prcfi^nvd  U*  shEnghv,  thcnigh  it* 
birttnl  cii^t  in  much  grrPiiter ;  it  in  jtorumucut  in  chamrter,  inipi^nuenble, 
m1  n-tpiin-it  but  litlK'  ri-jKiirini^,  whili:  !'liiiif;li--'i  wwir  out  in  ttiurMj  of 
Uttie,  mid,  by  tukin^;  up  niointure,  leiul  tu  nittin);  uf  the  timbers  lieneatlu 
Till  b<  ti^bt  and  iin]HTUiivilili-,  hut  in  Vfr\'  hot  in  Miniinc-r.  Tar  and 
piiVfl  an-  wt'Il  snitfd  to  nearly  flat  rwofs,  the  pnivel  protcctinn  the  tar 
fnnu  (he  ;t<iic>n  ••('  the  sun,  and  thi-  eombination  being  very  durable. 

Care  of  Habitations. — Tlie  pr^jKT  rairc  of  a  bouw  and  its  surround- 

njE*  is  n  wibjcct  th;ii  ■;iii  hfirdly  !«■  taught ;  with  many,  it  is  a  natnnil 

liwt  ;  wilb   nmre,  viiy  Hulc  is  wipiirwl   to  sitisfy  the  undcr«t«nil- 

of  the  term.     A  Uirgo  class  distribute  1)oium>  ninilation  with  an 

H-vcn  Icmd,  iti-<i.iting  n|Hm  (Ik;  |H>rfi4rtion  of  niru  of  (Ihim-  jmrU  which 

cy  ttiluibil   and  in  wliich   the  outside  world  is  received,  and   nctilei-t- 

lhi>p^>  where  filth  in  most  liki'ly  to  aecunndate,  but  to  wiiteb,  jx-r- 

oj**,  the  (p-iieml  «)VcrH'cing  eye  never  penetrates.      In  a  way,  the  most 

npitrtnnt  |urt«  uf  a  house  are  the  cellar  and  the  kitehen,  and  lliexc 

rti-mhl   nivive  niort-  I'ltn-lnl  iitlcntion   than  the  dniwin;r-room,  where, 

Im-^nniiibly,  ort;iuiic  tilth  <nn  liaixitv  gain  aeeess  in  appreciable  nniouiit.-<. 

ITW-  iitbcrvriM'  c»ri'fnl   hou^<-l«i'|K>r,  In  whom  ii  burnt  mutch  on  llio 

[«arthof  anopcn  Rrv  mun  uboniinntiou,  will,  jierbaps,  view  with  phu-id 

I  fcni  tiio  h«x«t,  tttsketn,  and  eviii-liiirii'l*  of  rotten  fi-iiilH  and  vcgctjd»lf», 

j  'fly  ian%  mid  oIIkt  refiiw  brought  to  the  surface  fr«im  the  crlJar  once 

*ii  y«ir  at  the  time  piven  over  to  '•  Hjiring  clwinitig,"     Tlie  [K-rfeclly 

,  ^fl  biMiMO  knowi4  no  cluining  miL-<on», 
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•«<>"iN,  p\'en  more  tlinn  habitation.^,  n<r|uire  tlM!  be.'<t  of  t^itnntions 
I  nfeti'iiec  to  lifrlit  mill  air.  Wimhiwi  should  Ik-  larce  and  nniuer- 
jUL^eUduOit^^flticiates  of  dill'ereut  nnlhontits,  their  com- 
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biiKHl  ana  nhoiild  e<[ua]  fiKini  a  h-ntli  to  a  faiirth  of  tlio  tnta/  ilonr  hixvi. 
In  thf  iirniu^'mocit  uf  vcli'ttil  runiitiiro,  tin-  niMiii  citiisitk-ratioii  Iim  in 
ihp  dircrtinn  of  the  light.  Tlic-  dc^kx  are  plm-ed  be-t  so  that  tlie  liplit 
(■oriK^^  rniiii  till-  IcO  iif'  iiir  jnigiils  ;  Vdmiii^  I'nmi  llii.-  n;r)it,  it  <.ii>tis  uutiov- 
iiif;  hhiulows  of  j>eii  or  j»ciicil  in  esprcisiw  ro(|iiiniit;  writing;;  crons- 
lijrlitiii^  tn:iy  tstLH'  ^till  grt-iitiT  hiiiimviiikh'  Iiv  tvu^lin^  tlmiblv  isluitlowF. 
Lifiht  fnmi  the  front  is  exc«cdin^l;r  trj-iiig,  as  may  reatlily  be  appre- 
ciated by  att(-fli|>ting  to  read  a  vUvk  plawHl  Ijolwei-n  two  window^t ; 
I'ntni   Ixhiiid,  it  «i>t*  "IhuIow*  of  ll»'  IhmIv  ti[H>ii  the  work  on  the  tWk. 

<-'K>ak  rooms  liliMuld  lit-  sjiaoion.-  ami  well  vcntilali-d,  iiitd  pnnKKil 
u'i))i  i(iii[ilc  limiting  tac-iliti«»  |iiTiiiittiug  »ufiicienl  »pnw  bi'twevii  the 
individTial  gurments. 

Walt-r-cli >»-!.■•  mid  iirinnls  d<-mnn()  rnon'  thttn  ni'iiiil  vnn;  for  children 
at*  [iiviHe  to  carelessnesi-  in  their  uw  ;  and  Hiice  they  are  eoniUMiiily 
|>la(-itl  ill  lilt'  lni.->-m<-iit,  tlitv  iin-  vory  likely,  if  not  kt^it  in  :«c-rninilinii>ly 
dean  txinditioii,  to  (Killute  the  air  of  the  rooiiiii  ahi>\-e. 

School  Fnmiturfl.— School  fnrnilurc  i^  \)'«-l]  kno»ii  to  be  one  of 
the  nuiist  iiu])(irlant  influcuot-  in  tlic  develop  me  lit  of  latcml  cun'iitiire, 
Olid  niuoli  careful  ntndy  haw  liccn  iiiirfne<l  in  impntving  its  cnnr-triie- 
tioij.  IVsk^  uiid  Hmir>  ^ll^nlld  not  Im?  Mipplieil  with  rt-fcniicc  to  »ge, 
but  according  to  the  size  of  chikircn,  and  shonid  be  adju^tnbk-  to 
«i«h  child.  OoniiHon  litulti*  of  elrair»  inchidc  iniproiKT  i<lin|)v  of  Imck, 
inipmper  height,  too  great  de]ith  or  breadth  i>f  seat,  too  tnndi  skipe 
fnmi  fnitit  to  luick,  and  ini]in>|N-r  liori»)ntid  di.-<lniK'c  fnmi  the  di^k. 
Common  Ciults  of  fU'sks  include  inflnHicieiit  «r  too  great  height,  and 
;inpn>|KT  jiioiic  of  the  snrfucc, 

ObaJn  should  be  of  tnch  a  height  that  when  tlie  leg  and  thigh  form 
a  right  .'inglv  the  fiHtt  .-ilutli  he  Hjnarcly  on  the  floor.  If  loo  high,  iht* 
child  cannot  touch  the  floor,  and  fail^  to  obtain  the  needed  a»«istance 
fnwri  iho  f«i-t  and  U-g^  for  the  niniiitinnnci-  of  an  n|iri):ht  position  ;  if 
too  low,  tlic  |io»Jtion  is  crun)|Htl  uihI  awkuTird  and  the  child  U  fomtl 
to  extend  the  legs  in  one  dii*ction  or  another,  and  to  contort  the  l>ody 
iK'ciirdinglv.  The  tvui  flMudd  be  MifTii-ii-iitlv  wide  to  MipjMtrt  both 
thigh-^  comfortably,  but  not  m>  wide  s^  to  jjcrniit  the  assumption  of  (wd 
IMiMiinTi  in  which  the  luick  i.t  not  well  Kii|iporli<].  It  »fioiihl  not  In- 
too  deep  front  front  to  hack,  »incc  then  prnjicr  uttitmlv  if  iaiponsible. 
It  should  slope  very  slightly  than  front  to  hack,  or  be  made  slightly 
eonmve,  in  onlcr  lliat  t!n>  Icndciicy  to  >)ip  forwani  nmy  he  ouiitcr- 
acted,  Tlie  liack  shtmhl  t>e  nirved  forward,  so  as  to  snp]iort  the  child's 
laick,  and  to  1h-  cunifortalili'  in  wluitevcr  k^tinitilc  iitliliHle  lie  niny 
aiwunie,  for  he  rc(|uirLw  cluii)gr«  in  position  for  the  relief  of  dowiiniinl 
piewure  and  strain  of  niu.-«le  and  ligiitnenti^  siiiiv  any  al(ini<)c  long 
inainlaiiiixl  irwiill"  in  fattj^ie.  With  elmir*  of  the  Ik*1  fonn  of  con- 
stnidion,  faulty  atlittid^  are  \eiv  comlortahle  than  ]irof>er  ones. 

Itoaki  :<hittild  l>e  of  Mich  ;i  Wight  thiii  the  forearm.*  of  th<-  child  may 
be  rwtcd  without  canning,  on  the  one  han<l,  stooping,  or,  on  tl»e  other, 
rai.iing  of  the  slioukler  and  rurving  the  spine.  If  too  high  for  the 
child,  tile  work  i»  brought  too  near,  ni>d  omimw  flniining  of  the  eyes. 
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Tht  t<»p  KhiHild  imvo  ■  proiitT  nIofK-  dfiwnwanl  of  fnini  ten  to  twpoty 

fii'j'reeis  3>i<l    itt  wlge  •'lioiiltl    pmjent  sUglitl)"   OVpr   the  forwiir*!    iii(?' 
I  "f  iW  cliiiir,  Hci  tluil  tliv  Inxly  mid  tmtil  m»v  not  be  incliiKtl  forwiiitl 

Uw  fiir. 
I       l'n>|iiT  lici^lil   nf  p<at«  and  desks   niid  crinw-l   Ik >ri/> itil.il  <Ii-tiiriot' 
I  hrtwtii  ihi-  Ivvii  ««'   HlIuiiKil  hy  thu  udojitiiiri  ut'  iidjuslnbic  riiniitiiiv, 
I  <rf'  w'ln<'li  iln-rp  SI*  many  viinetics. 

I  BlMkbouds  :<huiil4l  hn  didl  liliirk,  mid  iK-vcr  nhiny,  Tor  if  tlicy  :iro 
I  shiny  llii'V  rcHi^l  ligllt,  iiiid  wlint  U  nriltcti  tliereun  m  ditliotilt  to  iv»d 
I  fmiti  (<).-riiiiii  |»iiitt>  in  tlur  ri">rii.  Tlx-y  slioiild  In-  kept  will  cK^mi'd, 
1  iii'ink-r  iliiit  lli4r  contrast  witli  tliv  rliiilk  ^luill  In-  f^liiirj).  Tlic  rhalk 
I  ttHtild  Ik-  "'hit4'  or  yi'llow  ;  UUu;  jfn-in,  und  n-d  rlwlk  iimrkf-  ai-c  luiicli 
I  tiiitpc  difliviilt  to  rtttti.  IliiirklMHnU  xlioidd  rK-vcr  be  |)liiix^ti  lictwit'ii 
I  ^imtowK,  on  iKVount  of  glnrc*.  ("opying  I'mni  Ithu-kltoards  is  very  trj'- 
I  ifif;  to  tin-  I'V'--,  iiri  iifniiiiit  "f  t\v  <roii«tuiil  ni'O'Jwiiiy'  ijitmjp-  of  Iik-iih. 
'       Legislation  Concerning  Schools. — .Many  ot'  our  Statt*  huve  eiiact«I 

law*  jifx>vidi[ii;  for  MiiM>i  NiiiUalion  in  «cvcn>I  ]mrti('tdiin-.     Scvi-nttvii 

»*i|itirc  expert  exam innt ion  of  plans  for  pi-ojeclwl  btiikliufps     Sixteen 
f  miviik-    for  rirv-cv»i|Kt<  mid  o(li<-r  protni^tion  fr'nn  liri'.      A  numlier 

[KMvi'k-  for  pr<)ptT  ventilation,  lint  only  two,  MasKiicJin^tty  ami  dm- 

ciiriit,  iuivf    i?>iaMisUi-<l  a    nlauibiitl    and    rwpijnr   its    cnforM-iiKiit, 

Ci-Dliicky  alone  pmvidw  ittiindiiiiU  for  li^htin^,  for  HiH>r  simcc  nnd  nir 

iptMT.  for  pniper  seating,  and  for  watiT  supply.     Alxnii  «ne- third  of 
tiirSwtci'  mid  Tcrrilorien  (•om[i<'i   vm-cimilion,  and  oiio-fourlli  provide 
inls  in  the  matter  of  conta^ous  (liscaHM  in  gciiend. 

Section  2.     VENTILATION  AMD  HEATING. 

\W  have  seen  how  iieccH9<ary  it  is  to  life  that  the  CO,  jjivon  (ifT  by 
tlir  MihhI  ill  tin-  lun^p  lo  till"  inHpirt?d  air  sliall  Ix;  disohsr^sl  <<niitinu- 
•wnly  from  llit-  \.r>nW,  mid  we  know  ttial  whatever  oilier  elTwte  the  iin- 
p)irili4^«  of  vitiate*!  air  may  piiKluee,  the  effect  of  undue  f'O,  in  the  air 
t"  to  ink-rfen-  with  (he  fiinrtion  of  re^jtiration.  Therefore,  il  follows 
'Itat  llie  air  whii-li  we  breathe  i>hotild  Im-  ai-  free  a»  jHissibh'  from  tlie 
■■iilieiritieM  which  we  ci>ntiMti:dly  ili^itinr^p-  into  it,  and  thnl  this  eondi- 
'■i>n  can  bo  •^>lainc<l  only  by  eonstnnt  dilution  of  dieni  by  ii  cun'^tant 
***i|itily  of  frn«h  air.  In  tiM-  opt-n  air,  this  dilution  ){ocs  nn  without 
Mttill<-i.il  aiuisiuiKV  and  rwjtiirw  mi  con*  idem  lion ;  but  in  eonliiied 
»fiMi>'s,  wr  liave  to  a  certain  extent  a  reproduction  of  the  conditions 
tlial  oUaiii  in  the  hntu ;  namely,  the  iin-M-niv  of  a  voliniic  <if  viliiited 

kvir,  siiiiiRtte^l  fiMin   the  purer  snrroiindin;;  air,  and  ivouirin);  t<>  br  diti- 
*^rf^l  nml  npliieed.     In  oilu-r  words,  the  air  in   ifie  first  confined 
*l«iicc,  the  lunfT,  is  dif«har)[iil  into  the  "crond  confineil  "Ikici'.  the  room, 
•imI  Ihrnci-  must  1h?  rein<)vetl  to  the  oult-ide  and  wplacetl  by  nn  eijiinl 
iibiMinl  of  nomi.ll  air.      The  eonslnnl  dilution  and  n-nioval  of  inipuri- 
<»<  ihie  fo  till-  uiH^'ssilteH  of  life,  so  that  their  amount  chall  Ik-  n>  iniall 
>•  lo  tff  hum  dry!!!,  an'  the  f\inetion  r>f  ventilation,' which  may  lie  re- 
u  tJw  rmpiralinn  of  a  huildinj;. 
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It  \»,  of  ooiintc,  ii<>t  U>  lx>  cxjNTkf)  tlml  the  iiir  titan  tiiluibJuil  nKun 
cun  uujer  t]ie  usual  conditiuuH  Iw  luaiutainit)  in  u  stiitc  of  purity  like 
tlml  of  the  luitHoor  iiir,  evi<n  thi)U(>li  but  oue  <-aimII«  or  one  prraoo  la 
im'M.'iit  Hi  ix<'lmiinc  airboh  (Uoxlik-  nnd  wjittT  fur  uxyp-ii,  liiii  tlir 
impurities  ouit  Ik'  nxJuii'd  in  a  iiiiiiiinum  l)v  ilic  iiitrntlutrrioti  of  a  pr^ 
nniiiuiit  of  fri-uli  itir.  Wliut  slitill  W  ci'ii>i<krt'«l  n  )>ro|n-r  inniHUil uf 
cotitinuou»  air  i^upply  fk'pcmls  upon  wlmt  wt-  adopt  un  a  limit  of  )>«- 
Dii.'i.-iibic  in)]Uirity,  nM^atiuifd  by  the  niuouiit  of  CO,  jin^'ut. 

For  llic  miiiutcnaiicc  of  a  fiiir  df|j^-v  wf  viptir  iiiiJ  ^-lability  ihmi);)) 
projier  oxidation  of  the  blooti  ami  diliilion  ui'  the  t-rtiii?  malti-K 'ti>- 
vliiirf^-d,  ttiid  for  tht-  iiiaiiikimmv  of  the  fiillu<t  and  umst  [n-rfi-rt  ftinr- 
tioual  activity,  one  reqtures  pespwlively  about  ao  and  50  t-obiv  f«Hirf 
air  )wr  minute  IjCsh  than  30  uill  invvitubly  prodnn-  impnin-d  vitality ; 
more  than  60  uin  bv  produtrtive  of  no  gtiiu  in  impruvcnicot,  ki  &iu 
tlw-  ct!'wt«  of  thf  ordiiiiirx'  vitiating  niatU'ri>  are  wmwrncd.  Al  iIjp 
lattiT  nitc,  then,  un  hourly  )su]iply  of  3,000  cubic  fifl  if  nwH-Nvin' fi" 
the  proper  dilution  of  the  respired  air  of  ench  individual  pn?»<eiit  in « 
oonliiicd  spiicc.  Thnf,  ii  omni  of  3.000  oiibie  fwt  cwiKicity,  iuliahiwl 
by  one  person,  should  r«*ive  its  full  «i|>acity  of  fresh  air  imw  fvtlj 
hour.  Hill  lhi.-<  r<;iK-\Mil  flionhl  lie  a  contiiuioiL-i  priMH^s  mi  u»  to 
]>rc\'Ciit  tlie  aef^'Utuulation  of  impurities  which  would  occur  if  tlir  3<r 
were  rcplnced  ttimiily  in  bulk  by  nn  hourly  ii^mtion  by  o)ienin),'  triu* 
dowi*  for  the  ri^iui'silf  few  niiniit(w.  Nor  •ilioiild  il  Iw  !Hi|ii"isra  lio' 
e\en  with  cunstaut  fresh  wipply  the  air  of  the  room  can  laive  lln-  ■iaiie 
contpoxitiori  iif  tiiiil  whieli  enter!*  from  without,  for  the  ini|niriliiT  '« 
eaoli  respiration  are  not  reuioved  in  tepamtc,  distinct  lots,  hut  tn 
niin^lul  in  the  genend  bulk.  If  Iht-  ootrtipunt'a  hrad  wore  in  u  ciuiliii^ 
bringing!;  the  eonstant  supply  of  fiT«h  iiir  and  wirryinj;  u«ay  ibt' 
piiKkieli*  of  res])inilii<i),  no  siieh  amount  of  air  would  be  mttt-w^'i 
luitl  iio  eoiitamiiuition  of  the  (^■iiei-.il  ciipply  would  iHieur.  Vw^ 
ordinaiT  ejn-uniffaiiww,  w  itJi  an  hourly  supjJy  of  3,000  cubic  fwt  |^ 
citpitji,  the  amount  of  CO,  will  n<it  rangi.'  above  6  or  7  voliunw  '" 
10,onO,  and  any  system  of  ventilation  tluit  will  k^-cp  it  down  tn  ^* 
miiv  he  eiilkt!  jiocjcl. 

Ollur  inipunlie-  tlian  those  of  n?^piration  nrc  to  Iw  I'ytn.-'idend  in *' 
queotioun  of  ventilation.     Th«  inHuenee  of  burning  ilUuninaliiif  mn'*' 
riid  on  the  compocitiou  of  air  is  vi-n-  great,  btnh  lot  to  tlw  fWiPumjiU''" 
of  oxvjron   and  the   priHltii'tion   of  (X),  and  other   impiiritii*.  ami   ■ 
Li  not  inHij>nilimiit  in  its  ix-lniion  to  the  tcni]H-tTiture.     Tbe  iniiiuriti*^ 
from  1  cubic  foot  of  onlinary  illuitiinatiii]^  pis  an-  Mioh  in  aniouni  * 
to  n-(iuiiv,  neeoniing  to  varioun  ehtiioatei^,  fnmi  oCO  to  l,8tJ<l  «d>ie  fi 
of  air  for  tlieir  [jro|>er  dilution.     Tlii'j'  include  not  <ndy  cnriwn  dioxii 
and  \t'ut<-r,  but  carbuo  monoxide,  sulphur  a(-i<ls,  nitrogjien  acidi',  tiui 
^s,    ainiiioniii    roniiH>undr>,    iineonpunied  (»rl)oii,   and    other    mutlei 
Ititleii  lit  forma  of  burners  consume  dilferent  umMinti>  of  pi-i  to  |>To^ 
dui'f  the  Mime  illumination  ;  ordinarily  fi-om  3  to  0  etibie  ftvl  are  um<S 
\K.'X  hour,  requiring  1,500  to  10,000  cubic  feet  of  uir-su]iply  for  proi 
dilution  of  Uic  impurities  procluced  by  each  burner.      TliiTcfonv 
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both  b^^gienic  and  economic  groutidi^,  the  burner  wbich  producer  tlie 
maximutn  nf  light  from  the  miiiiiniiiii  oigaa  iti  the  best  tor  isse,  it  boiiig 
tij]derttoo«l  ttmt  a  ^weu  vuluint-  of  kuk  will  yield  the  same  amount  of 
iiii[iiii-illc4,  wluitcvcr  thf  Imrncr  t^niployt-d. 

The  impuritio  froiti  candli-.''  siiid  l;iiti|w  nry  h-»ji  in  niiniU'r  und 
variey,  but,  iiitsiiiuriil  by  lh(-ir  comparative  illiiminnliug  ixiwcr,  thty 
»rc  liii^T  ill  niiioiiiil  ihnii  from  gtw.  For  wtftrnpU-,  thi;  nonibuntloii  of 
an  amount  of  raiidle  or  kcrowcne  oil  nc«.>s«iry  to  proibiec  the  Hinu> 
iiilviw'ity  of  ligiil  .■!!<  I  n\\>w  fiMtl  of  p\n  will  [(riHluix'  from  40  tu  KJO 
per  cent,  more  inipuritie!^  and  requires,  tbercf'ore,  proportionately  morv 
air  for  tbcir  pniiHT  dihitioii. 

The  subject  of  veutihittuii,  involviiif^,  us  it  doo«,  the  continuoiu 
iiitnMluction  of  pun^  nir  to  diHjilace  that  which  has  become  vitiated  by 
wlintcvtr  csiiisf  iir  huiti-d  tit  mu'Ii  ii  dfj^rei-  us  to  be  incoij»ifltt-nt  with 
comfort ;  having  to  dial  with  buildings  and  rooms  of  varioui-  *iw», 
dtsi^ivtl  for  diill'ri'uL  u.'^u*  1  and,  as  it  i^  ebit-t!y  iu  the  colder  montlui 
that  it«  importance  it,  greatest,  being  Intimately  eocmct^cd  with  the 
problem.-!  and  cost  of  bi'iitinj:,  h  a  very  complex  one  which  will  not 
pvnnit  the  udopliun  of  iuflt^'xiblc  rules  iip))liutblc  to  nil  ua.-ic.'*. 


Amount  of  Space  Required  for  Good  Tentilation. 

If  it  be  agreed  tliat  for  the  most  perfect  result*  an  adult  requires  an 
hourly  supply  of  ^,000  cubic  feet  for  (lie  rcnioviil  of  his  own  cf!t-t« 
matters,  to  say  nothing  of  the  acce«*orv  impurity  de|>en(kiit  upon 
Uluiiiinittioti,  tlic  iic-xt  ijiii'stiuu  i.t  M  to  tlic  uuionnt  of  onbii.-  i<|muti 
accessary  per  cjipita,  that  is  to  say,  tbnnigb  bow  small  a  space  tllHt 
amount  of  air  rnu  In-  drawn  hourly  without  di.->iigit-(«bly  |M-nvptible 
dnniijiit^.  The  scnssition  of  ilniu<;ht  is  gmcrncil  vcr%-  lurncly  by  tho 
temperature  of  the  moving  air,  a  cold  slowly  moving  current  being 
morit  jxTCt^ptiblc  timn  a  warm  luic  moving  nl  a  greutcr  nitc  \>i!  sjiccd. 
Draughts  which  are  prmluctive  of  discomfort  tive  more  tbuigiToiis  than 
the  oi-diiiiiri-  vitialioii  of  the  air.  and,  llicrcfon',  com))h'I(;  vt-Tililiitinu 
with  dnmgbts  is  worse  than  partial  ventilation  without  draughts. 

Ii  ba.4  been  shown  liy  Pi-ttiukofer  that,  with  the  aid  of  di-ticatv 
apiHimtns  and  nn-clmniml  (mwer,  about  2,-jOO  cubic  feet  «in  be  passed 
without  dr.uijrhis  through  a  hikicc  of  424  cubic  feet  in  an  hour:  that  is 
to  -^ly,  tlii'iiu^b  a  room  8  feet  i>i|Marv  tiiid  (».h  high,  tln'  air  can  bo 
n'newcil  six  times. 

The  minimum  space  within  which  om-  v&n  receive,  under  artitieial 
conditiims,  si\  complete  cliauges  of  air  tu  one  hour  is,  thcn.fore,  424 
cubic  feet :  but  in  order  to  gi-t  .1,000  cubic  feet  in  one  hour,  ihe  air 
would  liasv  to  Ix'  c1iangc<l  sc-ven  tiuies,  and  so  t\\v  rt^juircil  minininm 
space  ivould  be  oOO  cubic  feet.  In  lai'ge  spaces,  however,  it  is  possiihle 
to  obtiin  mon-  fii'r[Ueiit  cbiuige.-*  witlmut  danger  fmm  dranght.s.  Tliii.t, 
iu  II  Iwll  40  by  20  by  15  feet,  40  jwrsims  may  be  supplit^l  with  3,000 
cubic  feet  each  p«'r  hour,  and  each  one  will  have  300  cubic  feet  of  air 


426 


iiABiTATioNfi,  scnooiJi,  Era 


a{)3c«.  Therefore,  m  doaliiig  with  krgi;  sjioct^,  wu  may  a8«un>c  300 
ciiliic  fwl  per  «i|iitn  ratlior  ihiin  -100. 

Ill  the  veiitiliitioii  of  hiiiiill  t^jiaceis  there  W,  in  addition  to  X\\f  pn.t.-ii'- 
hilitv  nml  ilanf^T  of  drtiiij^liln,  tin-  gnivr  ditliciilty  tlmt  the  inlcl^  uim] 
wiilli-ti"  jirt-  nt'ce*-'«irily  so  ii«ir  together  that  mueli  oi'  the  air  will  \y\!i» 
directly  troru  the  one  ti>  tlu*  other  tvilhoiti  Imviii}^  mingU-d  with  Ilic 
iiiniii  body  of  air,  and  without,  therefore-,  duint;  the  slightest  service  io 
diluting  the  itiipiintiet*  prtTieiit,  In  lai^-  air  b|>«i'<»,  ihix  ol>i('Ction  d'MS 
Hut  3ji|ily  with  is|iml  foitf,  for  ihe  u|i[iiirtnnitj'  for  diffur'ion  is  greater, 
the  liirger  the  ^[.Kiee,  ahhoiigh.  of  i-i.ui'^e,  heif,  too,  the  iiih-ts  and  wit- 
Ictp  may  be  -ho  jtlat^-d  im  to  fa\'or  Ihe  fonniition  of  diix-ct  eurrent*. 

In  the  ventilation  of  large  spaees  in  whieh  large  numbers  of  people 
gather,  as  ehuivhes,  theatres,  schools,  and  Iei-lniv-ri>iim>,  we  iirf  tit  mux 
coiifronled  by  ihr  tiiet  ihnl  ;tOO  ctihie  fi^el  of  sjiaee  if-  a  more  lilx'Rd  |»r 
capita  alhnvanee  than  is  often  praftieahle,  and  that  this  ^pnix^  is  iiwoni- 
(mtible  with  ii  diiuit;litlex<  ventilation  hy  the  necefwurj' air  vuhiine.  If, 
then,  ihe  qiiei^tion  I«?  asked,  how  to  provide  the  neecK-air  amount,  tba« 
is  hut  one  answer;  namely,  thai  ir  eiinnol  In-  done.  Fortiituitely, 
howevi-r,  the  dangiT  from  impure  air  it-  pn>[M:ii-tionate  to  the  length  of 
tune  of  exjwisnre,  an  oe<5L-ional  short  time  .-pent  in  a  erowdeil  r<«>m  or 
pidiiic  t-onveyanw  filled  with  bad  air  Ijeing  \v^'^  harmful  than  prohmgi'd 
and  habitual  oeeupaiicy  of  a  room  in  whieh  the  air  is  le*  vitiated,  hut 
yet  nut  goiMl. 

In  general,  it  may  be  said  that  the  imjwrtance  of  ventilation  varies 
with  the  jwiilieiiliir  wiv  i'|Mwtw ;  tbnw  whieh  are  ums!  ouly  at  inteiA-itl.-* 
and  for  short  periixis  have  much  less  need  of  it  than  thttse  which 
are  u<<e4l  nniiiterni]iledlv  ;  thosi-  whieh  are  not  vrowdeil  demand  \v»» 
than  those  that  are:  those  tiRed  only  for  the  moment  need  no  cnn«kl- 
enition  whatever,  the  natiinil  foree-s  at  work  al  all  times  Ix-ing  suffi- 
dent  for  their  needs. 

To  insist  n|)on  tlioroiigli  ventilation  of  eveiy  part  of  a  house  at  all 
times,  as  nio?!t  amateur  hygieiiii'ls  do,  ii*  to  tleninrul  ii  nwtlliTV'  waste  of 
eneiyx'  and  nlone;^",  for  except  in  the  warm  months  when  the  windows 
and  do<)r«  are  left  fnrly  opi'n  for  the  s«ke  not  alone  of  ventilation,  but 
of  gfm-nil  comfort,  ventihitiou  goc«  hand  in  band  with  beating  and 
divi<h<>'  the  ex|K-nse. 

Nor  can  one  iiticeewfnlly  insixt  ii|>on  any  nile  tliat  web  ]Ktsou  must 
hiive  at  hust  1,000  eulilc  feel  of  air  space  with  renewal  of  the  eonlainod 
air  onee  in  tvrentv  niinnle--',  for  to  <lo  so  is  to  iirgv^  in  the  case  of  the 
j)oor  of  lai^  cities  an  impossihiliti.',  since  ^paec  is  costly,  nml,  with 
vcutilatiou  to  the  projM>r  ejcteni,  is  Ixri'ond  their  means. 


Katural  Forces  in  Ventilation. 

B"-fore  pnKH-i^Iitig  Io  tl>e  subjwt  of  systems  of  ventilation,  we  must 
ounsi<lcr  the  natural  forws  which  an-  at  work  in  tin-  pn-sen^v  or 
ahpN^iMv  of  all  sdiwnes  and  tn-stems.  These  forces  are  ilifl'uiiioD  and 
gravity. 
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Diffiision  and  Qravity. — TIk-  riU-  iit  which  ^m«  difTu^;  i^  by 
no  means  thp  Mme  for  all,  tlip  light4>r  tUtfiifing  much  more  rapitJly 
thnn  ihf  hiiivk-r.  In  (act,  ihi'  mu-  viiricji  mivitrcU'  u*  ihc  Mjiiarc 
TOoXs  of  tbcir  di'DKities.  The  province  of  diffusion  in  ventilation  [s 
limiiMl  to  Iiringinc  I'li-  air  lo  a  i-ontlitioi)  of  more  or  li'sjt  ('iini|il(-rc 
boinogpneity  bv  I'uii.'sitijj  tht  jpi^ioiis.  mutters  lo  bwonie  dii<tribiiti<<l 
throughout  the  mi\sf< ;  but  in  an  inhabited  room  it  can  do  but  little 
Inwaril  kivjiing  \\\v  iiir  )it  ilH  imrnial  i-omfHiriilion,  By  n^i?mn  of 
tliP  law  p>verning  the  rate  of  diPfiisiun,  there  niii't  of  iiecewtity  be  a 
4y>ni*uiiil,  tliDii^h  >\ii\v,  n-iii(i\'»l  of  giM-ous  ini|ninty  into  the  i-xtcnml 
■ir,  for  wherever  two  gases  sire  brought  iut<>  (H>utact,  diS'iision  will 
occur,  whother  the  inivtjng  place  bt»  large  npaccii,  as  roomw,  or  t<mall 
xpucw,  If  jKirt-s  in  the  |)lnKltTiiiij,  bricks,  iimrtiir,  stone  or  other 
material  which  IbrniH  the  bf'uudarit?;  i>f  that  rfwim.  Thin  force  is, 
however,  very  iiiiulci|tiiilc,  ;ind  <'jin  be  "f  service  unlv  ii,"  an  iis.-iiiit~ 
ant  to  another.  Moreover,  it  cau  atioct  ouly  gaseous  and  not  sus- 
pended inattiT!", 

<>f  va<it  importance,  however,  ic  the  other  force,  that  of  pravity. 
Etjual  volumc.i  of  air  at  the  i^anio  U!in|H-mtnrc  and  under  the  game  press- 
ure will  li!ive  the  name  »|>ecit'ic  f;nivity  ;  if  the  teiTiiRniliirc  of  une  of 
them  be  raised,  it  expands  a  definite  amount  for  each  degrttc,  aud  thua 
Ima  !(«(#  it^xrifK!  gntvity  than  the  other  the  more  it  ix  huitttl.  Being 
surrounded  by  air  which  Is  heavier  than  itself,  it  rises,  or,  more 
properly,  is  forced  upward  by  the  heavier  air,  \vhich  (li'wi-iuls  to  ooinipy 
its  place  in  the  j^me  way  that  a  volume  iif  light  oil  in  a  cylinder  is 
forced  upward  when  water  is  jHUinil  U|K>n  it.  If,  on  the  other  hand, 
it  is  cooled,  its  volume  eontnicts,  ite  specific  gravity  is  increased,  and 
it  sinks  downwni-d  through  the  warmer  lighter  air  below  it.  In  this 
way,  ilitrercnee>  in  teTn(N.T.ilure  cauwe  constant  niiivenicnt-s  in  b<)iliw  of 
air,  and  ciirreuia  are  estiihlished.  lii  an  inhabited  room  this  force  la 
always  ai  work,  fur  there  must  necesKurilv  be  siune  souriT  of  hwit,  even 
though  it  be  only  the  body  of  the  occupant.  The  air  in  contact  with 
the  Itody  he<!ointLS  hi-ali-d,  and  is  then  displHC(-<l  by  itic  Cfjlder  air  iilxxit 
it;  this  in  it*  turn  is  siitijectwl  to  the  same  influences,  and  tlie  whole 
of  the  eontiinwl  air  nnt'.-  in  temjwnitnre  and  is  eorrwpondingly  ex- 
panded. As  it  iKtMjmes  lighter  than  the  siirronmling  air,  the  hitter 
forces  itself  in  and  the  original  air  out  through  all  the  available 
openings,  and  thus  a  ifrtiiiii  amount  of  ventilation  is  accom- 
plish e4 1. 

Under  the  ordinary  ennditiitiis  of  <icenpanc>'  of  a  liouw  or  room,  we 
have  mtditiiinal  sources  of  heat  in  the  combustion  of  fuel  aud  illumi- 
nating materials,  and  no  matter  how  imperfect  the  apjilied  H\s1em  of 
ventilation  nuiy  In-,  and  in  spite  i>f  idl  elViu'ts  to  eselutle  tlie  external 
ajr,  a  vciy  considerable  amount  of  interchange  of  air  is  inevitable.  It 
i»  only  in  a  chrtmls-r  that  i.*  to  -dl  inli'nis  .tnd  p[irpose--<  liennelienlly 
aeakil  that  no  ventilation  will  occur  when  there  is  a  diRercuec  Ik-- 
tweon  the  internal  and  esternal  ^-Ml|>l■m1nr^-s.  Healed  air  will  escape 
through  fliw«,  ihrtiugli  cracks  around  windows  and  door*,  between  the 
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bonnlA  nf  iho  Ronm  and  of  the  gvu<>nil  ."tntcturv,  urn]  evon  thnmgfa  I 
iiiUrstiM-)'  nf  uiijiniiiliKl  pluiiU-riii^  imd  mdrbir,  and  tbroitKb  tbc  p9 
of  brickii.  Tliat  si  large  volume  of  air  will  jiaas  ttiroujrt)  cnick^,  iia 
uo  doimiiijilmlioii  ;  riic  jkiw^ij^  of  »ir  tliniiij;!i  lirickN,  ))Wt4?r,  and  rn 
tor  may  cacily  Iw  i^liDwn.  If  to  the  opposit*  ^.idcs  of  a  bri<'k.  wu  fni^ 
by  meaiiA  of  ru<siliii^  w«x  two  unliiuirj'  fiU\i^»  fiiiiiic-U,  and  tben  smmr 
fiitire  exposed  surface  witb  a  lilieral  coating  of  the  anme  ituiterin], 
of  tbe  extenial  portw  oxtn-jititif;  llmiw  within  thp  i^p(uv«  covered  by  ' 
riiniii.-U  aw  made  ini[K-rviouii  to  air.  If  uow  we  counect  by  iim»ii> 
a  rubber  tube  tbe  funnel  on  omt  .Hidi-  with  n  Itottiv  in  which  air  van 
ootDpre^wl  by  mcauD  uf  wutcr  iirestfurc,  and  by  the  same  me 
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other  funnel  with  an  inverted  test-tube  filled  with  water,  and  a|>] 
prcMUre,  the  jwiis'^aftt'  of  nir   (hrnn^h  the  pores  of  the  brick  will 
manifet^ted  in  a  few  minuter  by  the  eMniiH.-  of  biibbU'.i  fn>iit  lh<-  uut 
tulM'  upward  through  thf-  whIit.     (Sei'  Fig.  38.) 

The  pai^«agv  of  air  thix>n);li  plju'ten-d  Hidlfi  ia  miidi  iiiijtedixl 
pit))i'r,  itiiil  iiuiy  b*-  totally  prevented  by  oil  paint  and  moiwture. 

Niinieroup  o,\[)criini.'nIv<  have  proved  tliiil  with  N-arj-ing  difTereiH 
between  the  internal  and  external  trmpenittin-it,  the  nir  of  ii  room 
bnililinn  will  be  renewed  ]«irlly,  wholly,  or  repeotedly  every  hot 
even  when  effortA  arc  made  to  prevent  iis  far  a»  putwible  tbc  cntmii 
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of  the  outside  air.  The  results  vary  with  the  difference  in  conditions, 
the  highest  effects  being  produced  when  the  temperature  differences 
»re  wide,  the  opportunities  for  leakage  great,  and  the  external  air  in 
active  motion.  With  perfect  calm  and  equal  temperature,  the  result 
■will  be  nil. 

Perflatdon  and  Aspiration. — Inequalities  in  outside  temperatures 
give  rise  to  the  larger  currents  of  air  which  we  know  as  winds.  These 
bave  a  very  great  influence  on  ventilation  both  by  their  perflating  action 
and  by  aspiration.  The  highest  results  of  perflation  are  those  obtained 
when  obstacles  to  the  free  admission  and  exit  of  wind  are  removed,  as, 
for  instance,  by  opening  windows  in  its  path.  The  quickness  and  fre- 
quency of  renewal  of  contained  air  by  this  means  will  necessarily  depend 


Fio.  39. 


Fig.  40. 


Fio.  41. 


L 


Dommon  fbrnu  of  lUttonuy  tsdUIxIdk  cooU. 


RoUry  cowl. 


I 


^l»n  the  size  of  the  openings  and  the  velocity  and  direction  of  the  wind. 

^he  least  effects  are  produced,  whatever  the  velocity  and  direction,  when 

*«le  obstacles  to  entrance  are  greatest. 

ITie  aspirating  influence  of  wind  is  sho^vn  by  the  upward  currents 

l*»wliiced  in  flues  when  the  internal  and  external  temperatures  arc 

^uaL  A  current  of  air,  moving  swiftly  across  the  outlet  of  a  flue,  has 
Mte  same  effect  on  the  contents  of  the  flue  as  that  of  a  common  hand 
Vomizer  has  on  the  contents  of  the  tube.  The  air  in  the  upper  part 
te  carried  along  mechanically,  a  partial  vacuum  is  formed,  and  that 
^oh  ifi  below  rises  to  take  its  place,  and  is  in  turn  carried  away.  In 
tbe  case  of  the  flue,  air  from  below  Is  constantly  drawn  up  and  disF^I- 
Jtttd ;  in  the  case  of  the  atomizer,  the  liquid  into  which  the  tube  dtpi^ 
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IH  lifted  and  blown  into  spray.  This  influcDcc  tx  utilizetl  i 
by  varimiH  Jiiriiis  of  oowU  jtlaft-d  ovor  outlet  fluiw;  worn*  of  t 
liun'cver,  altliiiiigl)  thoy  ^\xm  lo  be  uii  aid,  aru  nmlly  a  liitultHi 
the  outflow,  an  may  tasily  lie  demonstrated.  ^ 

III  Fifp*.  ■(!*  mid  -10,  nrv  .ibowii  fornix'  of  «iwl>f  wlii<rh  "fTer  ■ 
asHistaticc  lo  the  a-ipinilory  inAuence  of  winds,  and  in  Fig.  41  is  b1 
tuiDtbvr  vi,Ty  pojmlar  kind,  \\\e  niliiry  cowl,  wtiii'h  <MvT*  nil  rtliHtru 
lo  tbi?  piLSKii^v  of  air.  As  the  wind  <;aiiseH  the  top  to  revolve,  tbi 
pressioii  is  made  that  work  is  being  jHrfnmird  ;  tliiit  in  \l»  rvv^An 
it  !!•  t'Ralitif;  a  MiHimi  which  cii»»e*i  an  upn'ard  current  of  air. 
matter  of  dot,  howevirr,  it  is  doing  no  such  work,  Imt  is,  on  the 
tmry,  intcrpoHin^r  nn  oK-.tnele  to  tlie  ))a»i«^  of  air.  This  may  4 
bo  demonstrated  by  measuring  by  means  of  an  anemometer  the  i 

Fin.  42. 


A>]ilr*llnfE  coni  wllb  vtue. 


of  air  dischargwl  thrmiph  the  flue  dnrinp  a  given  pi*ri<»d  wnilc 
volviiig  top  is  in  pliK''-,  jind  again  during  nn  i-qual  jN^riixl  wliiti 
removed.  The  difli-reuce  between  the  results  obtained  will  invai 
he  in  favor  of  the  ]»eriod  during  which  the  eowl  is  alwtent,  « 

Otiier  fcimi;'  of  eowN,  conslnictwi  so  that  their  trtitlets  are  tofl 
means  of  a  vane  away  from  the  wind,  are  usefnl  in  iLssistin^;  aspoi 
Such  n  form  i*  nhown  in  Fig.  -12.  lly  reversing  the  jMinition  « 
vaw,  the  month  of  the  cowl  is  turned  toward  the  wind  ao  that  th 
if)  converted  into  an  inlet  for  Jretdt  air. 
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Hatoral  Ventilation. 


of  natiinil   forw)* 


VentJlation  tliat  procttd^  from  the  "jH'nn 
kmiwti  ii>  ■'  iiatuRtl  viiitiliition."  Fur  the  attaiumciit  of  the  largest 
reiiultE,  theco  furi'i->  iiiu>[  !«■  usMftiil  t<i  tlic  •.■xtonl  iif  n-iijiival  nf  ub- 
SlHclt.^  t4i  iheir  actioii  w)  far  as  may  Iw  adviNibli'.  It  is  imt  well  Ut 
depend  u|))]n  tlu-  rbamT  (riiick.i  mid  ii))iiii  tlie  inignition  of  air  tliniugli 
the  port~i  of  huildiiig  mattTJal!?,  but  tiet^'usary  (i|H-niiipf,  Iwub  iiili-W  utid 
witlrts,  kIkiiiM  Ik-  |ir>ivul<il.  TIa-  jirt-ati-r  tin-  ijliHtaoUt.  to  llic  i>>ca[i«  of 
heated  air,  the  lew*  the  (i[>]K>niinily  fur  wki'cs^ImI  imtiinil  vent ihil ion. 

'Hk-  exln-niv  of  obntnielioii  to  lh«  i^scaj*  of  contained  air  may  be 
illustnited  by  uu  hcrnietk'ally  seiilml  DK'tuliio  box  or  l>y  a  cbiix-d  g\ti,g» 
botllr.  SiipjMJ.'^-  we  ))rnvide  one  xinall  opeuiug  in  the  ^lide  of  the  box 
or  in  the  st«|3|>er  of  the  bottlf  to  m-l  iL*  uii  outlet  and  inlet,  and  obwrve 
tlk-  result.  Aeeordiiig  as  ihe  ciuitaiiied  air  is  warrutvl  or  cimkil,  tha 
opening  will  ael  its  an  uiillet  or  u»  iiii  inlet,  but  only  tu  a  limited 
extent.  The  expsiiision  due  to  beating  will  cuii»t>  the  cMupe  uf  a 
[>oniun  of  the  i-onlents  ;  (he  omtnielion  ihie  I"  (•ooliiig  will  eanse  the 
indniwing  of  some  of  the  outer  air;  but  in  either  cave,  tlie  movement 
is  all  one  way,  mid  ilicre  is  no  real  inifreliangi-.  Snpixise,  however, 
two  openings  are  supplied  ;  then  one  may  aet  as  an  oiit]d>  the  uthcr 
as  an  inlet,  and  a  eon^tant  inwaiil  and  outward  enrreut  may  be  inaiu- 
laini^d. 

The  more  tightly  tilting  we  make  our  windows  and  doors,  and  the 
muf*  im|iervioiiif  to  air  we  make  unr  walls  by  means  of  paint  and 
fthealhing  i»apor,  the  more  do  we  oppose  natural  ventilation.  <Jn  iho 
other  hiiiifl,  the  inlelliKeiil  piaeing  uf  inlet"  and  outlets  furthers  the 
«bjeet  (o  be  achieved. 

In  additiun  lo  [lernianently  instalhd  inlet  tiiid  outlet  flue*,  tempo- 
rary ujK'iiinfp  may  Ik'  utilized  whenever  desirable.  The  most  avail- 
able of  these  is  the  opened  window,  which  may  Ih-  uliliziil  wi  a*  lo 
avoid  tot)  vohmiinuu"  cxehonge  and  unlxiirahlc  d1'aught)^.  The  area 
«f  the  oj>etiing  may  be  ven.-  sim|»ly  regnlatwl,  and  the  air  imiy  U* 
defleilrtl  upwaiil  or  the  eiiiTent  may  !»■  bniUcn  up  by  the  interposition 
of  fine  wire  puiw.  Hanncl.  or  other  pervious  material. 

A  very  e/immon  |tlan  is  to  phut-  a  IxJiird  leMgthwi«>  under  the  lower 
NLili,  w.i  jw  to  nil  iiimpletely  tlic  o|»cniiig  made  by  raising  the  window, 
and  thus  establish  an  inlet  or  outlet  where  ihe  wlsIh-s  uverlaji  eneli 
other,  for  the  barrier  tu  the  movement  of  iiir,  formed  bv  the  juxtaposi- 
tion uf  the  lower  bi>nier  of  the  upjx^r  sash  ancl  the  up]H'r  Iioiih-r  of  the 
lower  one,  no  lunger  oxijiL--,  and  the  viileriiig  eiiiTcnt,  moreover,  i* 
pven  nil  ujiwaril  diri'rtion.  Instead  of  a  board,  a  frame,  over  which 
u  diaphragm  of  flannel  is  fastened,  may  Ik'  nsi'd.  This  arrangement 
is  pervious  t4>  air  but  iiri|)crvioiiK  to  dirt,  wbieli,  therefore,  is  liltereil 
out.  Movable  panes,  either  sliding  i>r  swinging  by  the  side  or  end, 
are  frei|iiently  employwl,  csjK-cially  in  double  wimhiw;*.  Then-  are 
ftUo  numertiu.-^  (wtt-nlwl  devices  for  window  ventilation,  all  det-igned 
with  the  idea  of  dividing  or  delisting  the  cnrr<.-nt  uf  ailniitt«d  air. 
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An  hits  twcn  reninrkMl  abovi>,  the  mo^t  imffOriAnt  force  in  ttiiliinLl 
VfDlilutiuii  i"  tilut  tU'iH'iifk'nl  iipdii  imrquul  teui|)erntiire»  til'  bodieii  of 
air;  in  a  [XTfeot  mlm  :m()  vrith  equal  t^mpcratu !*<!.«,  natural  vt-ntitntioii 
would  li]iv<'  111  ilcjiciiil  wholly  mi  (he  fi.>rc!t.'  uf  (litTu^iun. 

The  euumious  iniiiit^iice  e\crtL>(l  hy  the  healing  and  lightinj;  of  » 
hiiiltliiig  or  roimi  on  iLi  vctitilaliini  Imi-hiik'.-,  then,  Nt-lf-i-viiiciit,  but  it 
i»  uot  F^iiiiply  an  a  nuitivc  fincv  thut  the  nlutiuii  betwceo  heat  and  vcd- 
tilation  is  6o  close  and  imjiortjiiit,  f»r  tlu-  iiieomiiig  air  riiiMt  In*  nii*i5l 
tn  HD  aj[n?e«l)Ic  loiiijicniliiri'  in  iinlir  liuil  the  *[>ace  muy  be  habitable. 
Thufi,  a  veiy  large  shart  of  the  cost  of  heating  in  cliargeahli-  li>  voiili- 
latioii,  whiiti'viT  ihf  .M.-ilrni  of  vetililrilioii  Ik'.  In  the  matter  of 
€.X{ieiise,  the  aiiiouiil  of  leakaj^r  throU);h  er.iek)'  and  otJier  small  open- 
ing i.H,  ill  a  rtrtiiin  olii.-M*  of  esiscn,-of  vriy  ureal  ini|>iirTiii)C«-.  In  our 
dwi'Iliiigri,  it  is  impoiiaiit  that  the  interchati^  of  air  $ha]|  pron?«(l 
continuou.-U'  in  the  inhaliitiil  pari.-,  but  in  buildings  which  are  used 
only  by  day,  niid  |KTliup»  fur  only  a  few  himr?  daily  (w-hools,  etc-), 
it  ia  not  esK-ntial  that  the  aii-  shall  be  rcnewMl  oonstantly  at  ollu-r 
time-" ;  and  lio«-  it  i*  wii^e  to  ob*triiel  the  leakiijjc  «»  much  a;*  pt)*:'ib!e 
by  pci'fect  eout^truction  and  by  dampers  in  the  tines,  ho  thai  wa!<te  of 
liwil,  t'tiiA,  and  iu'iikv  nmy  Ir-  jin-vi-nlni. 

For  the  jirornotioD  of  the  jirneess  of  natural  ventilation,  a  ntimlter 
of  " ftyfttvm.-* "  Imv*-  bn-u  dmsed,  miiny  of  whioh  caji  be  productive 
of  iio  reiiults  other  tliiiii  ineoino-  for  their  promoters.  As  a  nile, 
uvK^l  of  tlioH-  noticed  in  works  of  lliis  eharactcr  arc  cither  ill-adapted 
to  the  conditions  of  our  elimate  or  ineompatible  nith  our  methode  of 
buildin);,  and  will,  then-fon-,  uoi  Ih-  cooMiU-n-d  hi-re. 

The  only  syatem  of  natural  ventilation  worlLy  of  iidvocacy  h  that 
wliicli  p^o^'■dl?s  proper  iiiltHfl  and  outlets  and  a  suitable  means  of 
heating. 

Inlets  and  Ontlets. — Ai*  to  tlie  size,  loeation.  and  number  of  io- 
iets  ami  outlets,  no  hard-and-fiwt  nilw  can  be  upplii-d  tor  all  eas<>.«, 
sint.-e  tlip  oonditioDH  are  widely  var}-ing,  and  many  iliWcrent  circuni- 
l^tJlnct■)'  buvf  to  be  tnkou  into  aorount.  Dut  general  rules  may  be  laid 
down. 

If  tw-vcnd  inlet.t  are  to  l>e  provided  in  a  room,  it  Ib  essential  that 
thej-  iilKinld  be  distrihutea)  in  ^nch  a  manner  «.«  to  insure  a  tliorougli 
blending  of  the  admitted  air.  They  should  not  be  jw  pliK-ed,  with 
reference  to  outlets,  ai"  to  favor  the  forming  of  direct  currents  betwwn 
them,  whereby  a  lar^^  proportion  of  the  inRowtnp  mr  l*  di.'*chiirpeil 
wiihiHit  iiavhig  fiiltilh'd  it»  function — a  not  unusual  condition,  which 
illustrates  that  the  amount  of  nir  adinittf-d  i*  not  by  any  nicJin^  a 
tn«wiire  of  thorou^ine»i  of  ventilation.  Their  locution  is  not  sneh 
an  important  matter  a*  the  placing  of  the  ontlets,  Iwit,  in  general,  an 
inlet  is  plan^  best  on  an  inner  wiilI  wbeiv  it  uliall  be  mo»t  marly 
centnd  in  relation  to  tlic  oiil.-it)c  walls. 

With  reference  to  the  floor,  if  the  incoming  air  i»  htntcd,  inlet* 
may  be  |>1aned  high  or  low;  but  if  it  is  admitted  cold,  tliey  should 
be  at  a  higher  levvl  than  tlte  heads  of  the  oeeupanta,  and  provided 
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witli  arrangi'iiK-iilii  for  <li-tUi'rlin^  the  mim-iit  t^wurd  tho  wiling. 
This  may  be  »•:■(■> >tn|>li»hc'd  by  caiiiiiiiK  the  current  to  impinge  U))uii 
a  niiriaoe  slautiiij;  iipwanl.  The  ri-siih^  of  rliis  di-Hifliim  arc  thiii  the 
fresh  air  iKfuiiK-s  inixiii  wirh  the  wanner  air,  iiml  tluit  mure  lime  i^i 
mjuired  for  it  t*>  reaeli  the  lower  iiarts  of  tlie  room,  when  it  will  liave 
become  taiffiweiillv  Witrirnil  nut  l<i  miuw  iliwc'irnfurt.  The  interposi- 
tion of  the  deflecting  Biirim*  uIbo  spreads  the  current  radially  aiul 
rv<)iK'fi«  ii«  veliK'iiy.  'riie  itu-(itniii|r  air  Ixi'niiim  iiilnglwl  with  the 
general  supply  anil  JoJu^  the  cuneiitfl  ivhii-li  i\w  cuustantly  in  motion. 
That  which  eoine-*  in  eoiitaet  with  tMHtling  purlaci-s,  «mrh  a.-*  windows 
and  ont-ide  uralls,  i*  ei.MjIed,  and,  therefore,  falls  toward  the  floor, 
an4)  that  which  taki-a  iia  pljK-e  a^  it  falls  in  cooled  in  its  turn  mid  fol- 
low¥  after,  so  that  cnrreiit."'  iiiv  e.*l«bli;^h'il.  which  tend  to  kwp  the  whole 
hulk  in  more  or  less  i^pid  motion.  As  these  cunvnts  iinich  the  flt»jr, 
lllfir  nuttind  trend  i^  aern^^s  tliiit  »nrla(^.-  toward  the  inner  warmer 
walU,  where  they  become  heated  and  are  iuelined  toward  the  roiling, 
rau'hing  whicli,  llicy  aru  pn^lu'd  by  (he  font'  behind  iind  drawn  hy 
tlie  one  in  front  towani  the  outer  walls  and  windows  aii^iin.  In  the 
Dunntiine,  .■•oiue  of  tin-  iiir  U  e-i-aiang  through  oiiihl.-,  and  diilnsion 
of  the  impurities  i»  pniceeding,  *si  that  a  more  or  Ic»*  wta  character 
is  brought  aldiut  thmiijrhout  the  air  of  the  room. 

Outlet*  may  be  plaei'tl  at  the  level  of  tliL-  ll(ii)r,  in  the  ceilinp,  or  ut 
any  heij^ht  in  the  wallc,  according  to  the  conditions  of  each  individual 
ca«%  If  the  ineuniiu^  air  i:*  nut  licatcii,  the  outlet*  should  be  pluwU 
high  lip,  for  where  only  unheated  air  it*  a<lmitled,  the  warmest  air  niUHt 
bt-  the  old«t  and  il.<  liH'ation  will  Iw-  in  the  iip|K-r  air  i«ikuw.  If,  on  the 
other  hand,  the  air  ip  heated,  the  outlet^  may  l»e  anj"wbere  »o  far  a» 
height  i«  eonecriml,  bill  there  i»  »ome  ehoieu  in  liHVitioiiK  with  rcjiiicct 
to  inner  and  otiler  walls.  Outlets  placed  beneath  windows  or  near 
oukt  whIU  will  witlwlraw  the  falling  currents  of  the  only  Rs-ently  ii»- 
ttwluccd  air  Ix'fore  it  ha^  IiikI  an  op|ioilimity  to  become  well  nuxed  by 
passage  acroiw  the  floor  to  the  other  .tide,  und  before  it.  lias  in  any 
pni|iiT  degree  fiiltilhil  its  functions  ;  but  if  itn  pai'-aee  thmngli  X\»: 
lower  strata  is  not  interrupted  in  tiiis  manner,  it  is  cnableil  to  mix  with 
and  dilute  the  impurilii':*  of  the  air  already  vitiated,  and  thus  effect  a 
lar^e  measure  of  work,  and  so  when  it  ivaehe*  the  other  (inner)  wide 
and  finds  an  outlet  for  it.-*  ewape,  there  i-i  no  (ibjtvtion  to  its  withdrawal, 
and.  indeed,  its  removal  then  is  highly  de-irable.  H.nec,  and  for 
another  rejLson  a&  will  a]i[>i»r,  outlets  isiioiild  be  placed  in  inner  walls 
rather  than  near  or  in  onter  cooler  ones,  and  near  the  floor  where  tliey 
may  intercept  the  air  hi-fore  it  may  nguin  iKtvmc  a  (turt  of  Uie  veiling; 
ciirreiiti*. 

If  but  one  outlet  is  to  lie  prfivided,  it  slmuhl  In-  placul  witli  lY-ferener 
to  the  most  even  movement  of  the  current  over  the  whole  area,  having 
in  mind  the  fact  that  the  air  movement  toward  it  is  eonvergent,  and 
the  direct  reverse  of  the  flow  from  the  deflecting  aial  diffiisitig  surface 
at  the  itdet. 

As  to  size,  it  may  be  said,  in  general,  tlinl   u  single  outlet,  or  tlw 
3» 
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■g^rcgsto  if  thvrv  Iw  nwrts  \\mn  one^  ^lunild  be  of  stich  nizv  us  tu  ieuuit: 
till-  ])«»>iil»ility  of  removal  of  «aidi  ud  Imurly  air  Mipplv  a^  tbe  t\vat  ib 
likely  lo  rifjiiirt-  iimlfr  tlif  oi-dtiitirj-  ooiidiUoiiH  nf  ii.s  nnmil  Mviijuiicy; 
lliitt  ii  sli<nil<l  not  niiilcriiilly  i^^xctni  tbis  limit ;  aiul  tliut  tbe  fiiiul  viWiii 
of  ihe  outriuwing  current  i^hould  not  lie  prodiictivu  of  (he  ttrJiMilioii 'if 
Ui^grcwbU'  ilmug)iii>H-.->K. 

Ah  to  tbe  sbajie  of  iulete  and  outlets,  it  i«  Helf-evtdeiit  tlml,  nith 
etjual  a\tvx:<,  tbnl  whirb  \i»n  tbe  .inmllc."!  |H>ri])bor}'  will  irfiVr  iIh-  lo*! 
rri<-ttui)ul  n^ii-tniicc,  and  ic,  tbt-rcforf,  bert  adapted.  Tbus,  n  fin--l<-*ii- 
cWiiig  ail  nnsi  <.-<{iinl  to  a  .'^qiuiiv  1<h>1  ban  n  ntimlU-r  )><>n]ilN-ry  ilui"  a 
MjUHtx!  (-ti<;tui<iiiK  tbt^  Nuiic  urea,  and  a  liquarr  luis  a  sDialb-r  une  ibii 
an  obloDg  roctangle.  Take,  for  instanoc,  a  P<|uare  foot ;  it  dujt  \k  in- 
cluded within  bouiuljiriist : 


12  X  Vi  inches  a 

Niuare. 

10  X    » 

■1 

wx  s 

II 

MX    0 

■1 

38  X    < 

■1 

oblcug  rectuiglfift. 

«X    8 

M 

WX   S 

« 

144  X    I 

H 

r 


With  these  boundaries,  the  {terijibery  raiigftt  frmn  4  fMt  (tlic  KmaM) 
(o  24  foot  2  iitdiee.  Tlio  frivtionul  rcKistaiice  will,  therefore,  Ik  \pavr 
in  |>ro|Hirtioii  as  ihe  sbajw  vaneii  frnm  tbe  eirele  and  .atiuarc 

Thi-  sliiilV*  oomniiiiiitYiliiif;  with  X\\v  i"ld»  and  nutletr-  sbotild  t*  « 
disiHJMtl  in  the  j^-iienil  plan  us  to  oH'er  tbo  lea^t  rcsislanee  to  llie  iiiA"" 
and  uulUiiw  of  air.  Unli-w  iIk-v  are  hiittod  artitiviidly,  iiili-i  fl"» 
should  not  be  located  in  outer  walls,  on  aot-ount  of  tltc  likelilioul  of 
tbe  roniintion  of  down  draughts  due  to  <!on1iitg  of  tbr  iiir  eolumn. 
1'beii'  inner  i-iirtinL-e  "hould  be  iw  suiootb  uh  po^r^ible,  in  order  l(>  l<nii(; 
to  It  nitiiinuiiu  the  bi^s  of  moveaienl  due  to  friction,  and  i\vi-\  r\t«<tn 
be  eyIindricTil,  if  jxiwibk-,  for  tbe  ^Jiniu  rtmwn.  Tboy  (ibtiultl  t«  w 
free  as  powible  from  angles,  and  esiM^ially  right  angleii,  becausi'  cif  ll* 
verv  wrinui*  hw"  of  nii»li(>n  which  tln'.'«i  <iaui»<r,  earh  right  unglp  (iiiiu"" 
iobing  the  current  nbnut  half;  thiin,  alW  pansing  one  rigbl  uiif-U,  tli^ 
flow  wnnid  U'  Imlf ;  after  u  Mceond  luigle,  the  liiilf  WMild  Ix'  rwlii":" 
to  a  quarltT,  and  after  a  third,  to  an  eighth.  Tlw  neglect  lo  luke  i"tn 
account  tbe  lo**  of  flow  by  Irirlion,  bt-ndit,  and  iinglts  is  respoofil"* 
for  (he  fnihire  of  irinnv  a  pliin  fur  ventilation. 

Whnt  bu"  been  sinil  coiucriiiiiK  tbe  im{)OR.4ibility  of  makini;  puc* 
rules  for  tbe  sizas  of  inlets  and  imtleta  applies  with  eijual  foree  I" I"' 
fixing  of  siwi'  of  flues,  for  these  di'itend  upon  tbe  many  and  w"" 
conditions  which,  even  luider  the  best  favoring  eirwimclaitces  iS/^ 
tbe  mfe  of  flow. 

In  planning  inlet  and  outlet  shafts,  it  is  to  Iw  liorno  iu  mtnil  ih"' 
eonielhing  more  i>i  neceiisjirv  f<ir  lliuir  proiwr  working  than  tin-  dictu® 
that  this  one  is  for  fresh  air  and  that  one  for  fnid,  ibr  natural  fw>*^ 
have  no  respect  for  more  nanieK  iiml  plans,  at'd  tlw*  current  in  a  1"* 
will  btt  upward  or  duwnwani,  inward  or  outward  according  to  natuiu 
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lawii.  Outlet  shafts  may  be«niie  considprahlj-  onolwl  by  low  cxlonuj 
tein|)cnitiir(« ;  iliey  niny  Ik-  iiivutk-d  by  niiii  niiil  .-"ihiw,  the  cvapomlion 
of  wliidi  ciiiisrs  fooling  and,  therefore,  iiicreast'  in  gnivity  ;  or  thero 
may  Ik>  an  ittMiAidt'iicy  of  inlt't  air,  so  t)i;il  a  juirti:i]  viuinnin  Is  fiirnKtl 
by  the  curnnit  nC  one  liirpi*  oiitk-t  tlui-.  wbich  thereby  caused  a  reversal 
of  tlwt  of  a  smalk-r  mie,  so  that  ono  lliie  draws  agninst  another,  tt  is 
from  any  wiic  nf  ihcw  «HL'«tw  tluit  n  f-liiiiiiicy  may  fall  to  ilinc-harge 
sntoke  upward — a  circunistunce  noticed  more  often  iu  aunimer  cliaii  iq 
winter. 

Mechanical  VoQtilatioo. 

itlechaiiicnl  ventilation  consists  in  the  propulaon  or  extmctioa  of  air 
by  itiuiio  iif  blowi-rs  or  i-xhnust  faiia  driven  by  rittuin  or  elcetricily. 
That  iu  wliivli  the  air  is  propelled  by  the  uctioii  of  a  blower  is  kuonti 
as  iht!  "  plenum  "  sy>it«ii,  and  the  ottier,  in  which  it  is  withdrawn  by  an 
exhaust  fan,  h  known  a»  the  "vacuum  "  system. 

In  tlie  plenum  nvstein,  the  air  is  drawn  into  a  box,  iu  which  the 
revolving  blaikw  of  a  tiiii  arc  liK'ateil,  and  it  U  llivii  driven  into  a  wn- 
tral  eoiiduit,  and  t'roni  there  thi'oujiib  appropriate  stiat^  to  the  s^xires  for 
whicli  it  is  iiitviiiliil.  Wlirii  it  is  dusinxl,  tlit-  air  may  It*  i-itucived  from 
ur  blown  firat  into  a  chamber  where  it  may  be  hetited.  The  air  supply 
may  be  ivj;ulat«i  very  easily  by  diminishing  or  inenasing  the  nnialicr 
of  n-volution«  piT  rairintf,  but  if  Khould  always  \k  in  sli^jht  exwss  of 
the  real  nwd,  in  oitler  to  prixluoe  a  slight  outwai'd  pn-ssiire,  which  will 
prevent  inward  IcnkaRc. 

In  the  vacuum  sysltun,  the  air  is  extrB<!tod  IVurn  the  \'arioii'i  rooms 
thn>u)^li  pi|«'s  li'itdinf^  to  a  ccntnil  flitirt,  where  it  is  drawn  into  the  fan 
and  dischar^l  outwardly.  This  system  has  amonjr  oilier  disiuhiin- 
tjif^t-s  that  of  grcal  iiicipudttics  in  <!niii^bt  in  the  different  disohai^ 
tubes,  and  that  the  vaeuum  condition  favors  the  inward  leakage  of  cold 
air  throui;h  cracks,  walls,  and  al»nit  windows,  and  tends  to  cause  cold 
floors  and  disjijjrc.ablc  small  tlmtijiihls  about  windows.  In  coiiMtjucM**-, 
more  fuel  is  ooedcd  I'or  tlic  niaintcnsunx'  of  a  projicr  tenipeniture,  and 
the  system  is,  tlnTclorc,  u  s>iiircc  <)f  gr«iter  ex]>eusc. 

The  advantages  of  mechanical  vctuilntion  lie  Iti  the  fact  tlwt  the 
obj«rt  souyiit  is  attainable  in  any  and  all  conditions  and  variations  of 
weather,  and  that  less  space  is  required  for  shafl.>«  than  in  ibc  case  of 
natural  miilifMls. 

iMcchnuiud  ventilation  on  a  comparatively  small  stwic  is  employed 
commonly  in  crowded  fifliii»s  and  other  spaces  bv  mi-ans  of  vniull  ex- 
tracting fans  mn  by  the  aid  of  elrctricity  (connection  l>eing  made  with 
Uic  electric  light  systi^ni)  in  siHi-ially  ))rovidi'd  Imntions  eunncctwl  witli 
outlet  flmis,  or  dirrxitly  in  a  spaoe  made  by  removing  window  panes. 

Artiflcial  Heating  in  Its  Relations  to  TentUataon. 

Firrt,  for  th<-  proper  iiiulon<tanding  of  the  subject  of  heating  in  its 
bvnrings  on  ventilation,  it  is  nece^aaiy  to  oonsider  the  different  ways 


436 


UMIITATIOXS,  SCHOOLS,  HTC. 


ill  whioh  hmt  h   hnpartt-cl,     T1)(^H^  arc  tbixt'  id   iminlxT  :  nidaiinTi, 
c()ii<liivtii)i),  imd  <><i:ivuriion. 

Kadiatlon. — Radiant  heat  foaaea  from  iti^  smirce  throujili  tlvairta 
liiiilii.'.''  I>v  \v)ii(-Ii  i(  may  be  alMorlKxl,  traiioiiiitUi),  or  ivl1<r<'ttii.  Air, 
Ix-ing  ■' Inin-jMineTil  "  to  heal,  is  not  matefially  afiVrti-d,  iiwl  ilicdritf 
lilt-  air,  the  li-SM  hi^it  it  will  rt:(aii).  it  ]«<■«■!>  ilinx-(ly  t'nmi  it"  mita 
in  vnivc«,  like  t)it'  xvavi^^  of  lij^ht,  lo  lliu  ubji>ct  upon  vrbicb  Jt  KiIU,id(I 
llie  aiiHitinl  ivtiiTteil  or  ab!M>rl)c(l  varies  with  the  niitun*  "f  llw  lAjtrt. 
itH  I'olor,  ihi-  <'tinmcU*r  of  it:>  wirfuw,  ami  its  tctii|)crutuit'.  Itt  in- 
tunsilj'  varies  invci^dy  aj-  tli*  »[iiarc  of  the  dintanci'  l»-twivn  iW 
SOUiYW  ai)(l  the  oliji-ci  ii|m>ii  uhtcli  it  falln;  thiH,  the  animinl  iTi-tii«^ 
l)y  two  ob]c-ct#  1  anil  ■)  feut  r(!i>|M-L-tivcly  distant,  will  be  tnx'pr^elyv  I 
and  2!) ;  at  1  ami  10  f«ot,  inv(-rM.-ly  aa  I  nnd  100;  at  r>  and  Ulfot, 
iiivonn'Iy  «»  "i-'t  nnd  100  ;  timt  i",  tin-  »«ircr  will  ivcpivf  tn  tlic firkin- 
etaiiw  2'>  times  :  in  the  second,  100  tini«(9;  and  in  tbe  tliinl,  4  timer 
H^  HHirli  a.'*  till-  faitlicr  objwrt, 

A»  an  ini»tano«  uf  rsdiaot  heat,  ve  may  take  that  wbicJi  |)t<>o*4 
from  nn  (>[M>n  lire.  The  lu-at  jNisAeii  in  diivct  liniTi  tlirmi^h  iIm-  oirl" 
llie  wallif,  fliKir,  it-iling,  fiinntiirp,  and  otlitT  ohjwl*  in  its  [latli.  ami 
these  ahsorlt  some  and  i-eilii-l  ihf  re-st  ti>  <rth<'r  jxirts  nf  tin-  rxum.  I' 
dinxitly  warms  only  that  siiriiiw  of  an  olywt  tluit  is  din-ctly  "iipowt 
to  it.  The  ohjecb)  by  vrbinb  it  ia  ojijmsed  tlieu  disiHtniiiatv  it  b  IV" 
wnv!^ :  by  i;>iii(intiion  and  convection. 

Oonduction. — Condnctwl  beat  is  that  wbicb  pnsseo  ftwD  «»  pf 
tiflf  ijf  niutkr  to  another  in  din-<-t  contnH  ;  tbiit  i»,  frtun  ime  [wrlii'lf  M 
uiiullu'r  (if  the  -tame  objwt,  or  from  ono  object  to  anotWr  wliirb  <* 
touches.  Conduction  noli*  through  all  solid  snltslnm^?!,  iwl  l»'  ta 
ini<nnn  to  the  same  extent,  some  licinj;  potnl,  some  indiflV-ronl,  M" 
others  Imd  <'i>n<Iildorji.  Tin-  U-st  conductors  are  ut-tals,  ami  tW 
vary  within  very  wide  limit" ;  copiHT,  (or  inMan<«,  i*  ii  very  miwli 
bcttiT  comiuftor  tluin  ii-on  or  zinc.  Wood  is  a  poor  condiirtiT.  W 
woven  and  fclte«l  loat^TJals  lunl  tiftljestos  are  very  jxxir.  Tbi^nirfi 
liijuid.-!  and  gaxi",  heat  is  eonducled  to  only  a  very  limittxl  t-xirtil.'*' 
tberf  is  no  substant^-  known  thai  i.->  iihM>lntely  non-oonclnctin^. 

Gof«lcnndnrtors  permit  a  rapid  flowof  iicut  ihrongh  ihi-irMiiist.iiK*; 
poor  ones,  only  ii  i«!ow  trjinsmisMoii.  Oood  conductors  reiin<|'ii>li  i^"" 
heal  nipidiy  ti>  their  whler  siirrniindinftSt  wlictbcr  air  or  anjihiiift ''•'■ 
and  wifhdniw  hmt  rnmi  IhkHi-s  which  are  wnrniiT  tluin  ll«insiJvir< 

Convection. — Convot-tinn  is  the  prrnvM  by  which  h<«l  is  c..nii"i""" 
mt*-*!  to  pisc^  and  liquids,  m-liiii:  throntch  their  inoliiliiy.  which  p(W' 
those  parts  that  have  been  exiKitidtti  by  nn-son  of  iKH-oniing  iioifl'" 
be  ditiphm-d  upward  by  co<der  jxirlions,  whieb,  in  ihMr  turn,  niiifiW 
heat,  pivo  way  In  olhcii*,  until  the  whole  mass  iHvomefi  raii;^!  in  Pfl^ 
pi'rutnrt'  by  eontinmil  aj»pii«itioii  of  h«il  mid  e"nm.t|H(.iit  miiinl'-n^""' 
of  I'ircniation. 

Every  warm  body  with  wludi  air  coin«<  in  contw-t  cooininiiicolft * 
beat  to  th«8i*  portions  !n  its  imnuiliatc  vicinity  ;  these  exjiand  and  w^ 
furcvd  onwun)  by  tin.'  cooler  btuvit-r  })art(4  muniit  tlicm  ;  tlw^  in  tibtif 
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mm  give  wwy  tn  niher^,  anA  oonvrrtiou  ninx'nt*  arc  e»tohIi*I»Hl  (ii 
such  ao  cxl«nt  that  the  air  of  a  room  takes  oq  a  very  complicutcd  state 
of  arti\-it%-. 

CoiiviTtictn  nirrcnb?  an?  established  by  e\'cry  pen>ou  in  a  mom  »o 
loDg  as  the  temperature  in  l>elow  thai  i>f  the  bixiy.  They  are  ewUib- 
tidxil  by  the  wiimivr  wnlls.  floor,  fiirniturc.  lu^t-watcr  [>i|N.'^  i>t4»m 
radiators,  clow  stoves,  ami  other  warm  ohjeeU,  ai>d  in  this  way  tlie  air 
hivnnitv  hi-«Ic»l.  'nii-  air  whirh  riiliT^  n«>ii»«  tlinmiiti  ^tml^.t  >iiiii- 
mauicating  with  the  air  chambers  of  fiiruaces  ami  "  imlinvt  radintiou  " 
■piNiraliiH?!  are  oi>nv«-li(tii  oiirniitK  in  ihe  largiwt  .-*-iij«'.  The  dirtvt 
mvf  of  llw  sun,  pos^iDg  tIirou;;h  windows  and  ahsortjed  by  the  floor, 
valla,  and  other  ohjecijt  which  they  strike,  aliw  «mse  upward  con- 
veeti'iii  ninvnt*. 

Methods  of  Warming. — The  princifnl  methods  of  heatinn;  houses 
and  nxtniit  are:  1.  Open  fires.  2.  Stoves.  3.  ^^lrnacls•.  4.  Hot- 
water  pipeii.  5.  Steam  pijie*.  The  method  most  applicable  in  any 
parliinilnr  tttnv  will  4le|x-n<l  ii|>on  the  ifixe  of  I)k-  rfiom  utui  tlii'  nnmltcr 
of  rooms  in  the  building.  In  general,  it  may  be  stated  that  the  smaller 
the  ftpa«e,  the  more  simple  the  nK-thiMl.  For  a  .■•ingle  nw>m,  an  o|H-n  Rre 
or  a  «tove  mil  be  suflicient ;  for  a  small  houw,  slovc«  or  a  lunuu-e ; 
for  a  lai^  one,  one  or  more  fumaee.■^  or  hot-water  or  steam  apparatus ; 
ai»d  for  lat>te  buihlings— oflUf  building)^,  fwr  in»tiuK-e — "diti'Vl"  or 
"  indirect "  steam. 

1 .  Open  Fins. — I'mdically  the  whole-  of  the  hint  stippliL-d  In'  au  open 
fire  is  radiant.  If  the  fii«l  U  lield  in  a  grate,  tliere  i.->,  of  course,  a  cei^ 
tniu  anKiiint  of  eon<hn;-tion  from  the  ban;,  an<i  of  convection  currrnlH 
in  the  air  in  it;*  inimitliate  vieinity.  But  this  heat  does  not  got  out 
iaio  till*  nioui,  Ihi-imi.v  it  is  iiimieiliutelv  nii'i'Ied  uji  the  flui-  by  the 
dr:iu};ht  of  the  chimney.  The  radiant  heat  is  absorbed,  n-fleeled,  and 
«li.stribiitcd  in  the  manner  alrciuly  dtv^'riltii!,  but  readies  directly  only 
tfaoise  wurfiiccs  wliieh  are  opixi^ed  lo  its  sourt*' — which  acwumts  for  tlw 
saying  that,  in  a  cold  room  with  an  opt-n  fin',  "one  side  roasts  while 
tli^  olhtT  fiifz<w."  Only  a  "nudl  jiiirt  of  the  total  heal  of  (ho  fuel 
consumed  is  available  for  heating,  since  most  of  it — about  seveo- 
dghtliii — is  I'urricd  at  'inoe  up  the  ehiraney.  An  0{H'n-fire  ^tuvc,  tiuob 
as  the  old-fashioned  "  Franklin."  which  stands  out  in  the  nxim.  and  is 
eonnecteil  with  tbi-  lliii-  by  stovi-  jtiping,  yields  n  bu^*  amount  of  its 
hmt,  *inw  the  niatirial  of  it;;  construction  is  beate*!  liy  conduction  und 
then  gives  it  oil'  to  the  iiir  by  i'onveeti<)n. 

0|>fn  Aw^  ir.Hife  the  introduction  and  removid  of  largx*  volumes  of 
air,  but  these  are  by  no  nieiius  always  well  mixed  with  the  whole  masa 
of  eontaiufd  air.  Xevertbcbi*!',  a  largi-  meiwure  nf  veiitiliitioii  is  ac- 
i»mpli>ihe<l,  a  certain  amount  of  heat,  perbajta  sufficient  for  inimeiliiite 
nwds,  is  given  oil",  and  ilu-re  is  also  an  imintsisurahle  addition  to  the 
general  chciTfnlncss.  They  may  csiuse  too  mucli  <Jr,»iigIit,  and  they  arc 
ocrtainly  not  economical,  but  as  accessoriea  to  other  heating  methods 
they  may  Im-  most  usi-fiil. 

2.  Stoves. — Close  stoves  have  more  direct  reaults  in  tivatiug  aud  letui 
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in  vontilatin);  than  tlie  open  lire,  for  more  of  tltc  ti«at  produwl  i> 
iiviiilnMi-,  and  ilicy  disclinrp*  iiitu  tin-  clmnnc-j-  mily  Um'  air  volumfs 
tliitt  IkiiVf  ])iuMLiI  tltroii};}]  tWni.  The  niateruile  uhmiI  in  tlieir  con^tnir- 
tion,  imn,  unapslone,  briek  mid  tinv^tiiv,  cHiiKtiu-l  rhe  IhiiI  urnJ  ^vc  it 
iifl'  to  the  iiir  witii  varviiid  ntpiillty  ;  eai^t  imn  vieliU  il  uhoiittsnipidlT 
a»  it  in  received,  ««i[>stone  and  hriek  give  it  nfl'  only  gndiutlly,  liui 
I'lir  u  hitigiT  piTiod. 

Wlien  cust-irou  becomes  red  hot,  it  may  Ijp  decidedly  nbjn^i»»i^ 
fur  two  miMtnrt  :  firit,  (hut  the  or^niio  diim  imriielf!!  in  it>  imni«dia» 
vii-iTiity  iK'cvinie  chaiTi^l  am!  yichi  ixlitm ;  and  «?rond,  that  it  aii^otbt 
and  ImnAinitAronr-ideruhliMiirlxiii  monoxide  rnmi  l>nrnin^  (hmI.  ^<l^nv 
may  bv  no  luTEnigt^tl  mf  to  act  not  nluno  a^  hmlere,  but  us  vcnlibtiV 
apparatuses,  and  this  faot  in  of  very  g^reat  value  in  the  case  of  smW 
Hokool  Itiiildin^  ill  tioimiry  dintrictjc.     The  i^luvc,  xluiidiug  oul  in  tJif 
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room,  may  be  surmundetl  by  «  cylindri<vil  jneket  from  th^  floor  up- 
ward, having  a  suffieient  air  s]Kiee  between  the  two.  Thfiii:'' "" 
floor  within  the  endot^iire,  w  un  o|H-i>ing  inlo  an  uir  dmi  e»iimui<ii'''''' 
ing  with  the  outdoor  air.  Tlie  hail  of  the  Ktore  is  eonin)iiii>B''7 
to  tin-  nir  botween  the  Inlter  and  llie  jaeket  and  aii  upward  mmn'  ** 
fiirincd,  whioJi  drawi-  n|wn  the  fnsh-oir  ('»mlnit,  i^j  that  a  <iiii*li'"' 
wirrenl  of  warnnHi  ]>nn'  air  is  thnnvn  into  the  room.  (S-e  I'^fi-  *■*•' 
It  jfiH-K  without  s'lyioK,  that  here,  ni'  elcewherw,  the  ineomiiif;  aim"'*' 
be  taken  from  points  where  it*  imrity  cannot  be  inierJered  willi  M 
locnl  eondilionti. 

Ciiw  i<tovcs  and  oil  Htoviw  liavc  the  ndvantj^  over  others  that  t''^ 
aiv?  more  prompt  in  n-siilts,  more  e-anily  eontrolled,  and  more  \\^v^ 
put  out  of  n»e.  They  luive  thi-  ilisiKlvaulni^c,  however,  that  llie  pn''' 
lKrt«  of  their  fuel  flornhnstion  are  dioebargetl  directly  into  iIh-  air  of  d* 
room.     In  the  ease  of  the  oil  nlove,  thl."  \«  not  xuvb  ii  wriotu  maWi 
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since  the  perfect  combustion  of  good  oil  reailu  in  cartxin  dioxidv  nnd 
iratvr;  lm(  ^vith  gad  tlit-  ginxlucU  ure  niurv  niimcniu^und  \'3rieO,  and 
iadiKie  eonie  thai  are  irritating  and  poif^onouB.  With  projjcr  vend  Lit!  wn, 
hw%«-v»-r,  in  the  «i»i^  of  l»)lh,  no  liarrii  will  In-  d<»in*. 

3.  Ftmaces. — Hol-uir  funiucc^arenot  onlyof  verj'grcat  importanov 
nf  lKiiU-n<^  Itiit  of  onornioiiH  tutluenoL-  in  vontilntion.  Iti  tiia-tr  xuk,  tlic 
9ild  outdoor  air  is  brouftfat  in  by  u  vonduit,  tbi'  "iwM-iitr  box,"  to  a 
duiikber  in  (tii>  upper  pari  of  ihv  I'araatv,  ubovo  an<l  surronndiii};  iIm' 
"diMUc,"  wlit-n.'  it  t-iiint-jt  in  cuntucC  »ilh  the  vi-rv  liot  iturfatv  utid  is 
healed  by  convection.  TIi*n<*  it  pa!i^c»  upward  throu};^)  K^|»rat4-  tiii 
tubcM  Ui  the  sovcrul  plinKf  for  iin  tliAchiir)^-.  Iti  a  hoiiM.-  vrnich  is 
tinprovid«l  with  special  inlet  and  otillel  flucw  for  vvatilation — and  moet 
of  iKir  boiL-x-^  iirv  so  eonslriiclt-d— a  furnace  of  onliniiry  bmtin}; 
capacity  performs  an  amount  of  venlilaliiii^  work  quit4-  i^uflicivut  for  all 
neetU,  and  foi-  which  it  ran-Iy  rwyivcn  crt-dit.  It  difx-Jiar^a  into  ihi; 
various  nwni)*  u  cuni^nt  r^iipply  of  wanned  frwh  air.  Wlierc  and  how 
it  all  escapes  is  a  matter  of  wecondary  interest  and  importanei*,  for  it 
gcb  out  wlii'ri-vrr  it  nmv  find  il^  wiiv. 

-I.  Hot-wat«r  fijua. — Hot-water  heating  tlepends  upon  the  circulation 
of  water  liy  cnuveelion  ciirn-nt.-"  tlimujrli  »  :>y«I<-in  of  jii()iw  which  may 
extend  all  tbrou^b  a  large-sized  buildiu);.  The  water  i»  hiuted  in  a 
boiler  bi'.low  and  [lit^HUA  through  a  main,  leading  from  ibir  iipjH^r  jiart 
tliereof.  As  oni;  portion  of  watt-r  iwrnes  in  contftrt  witb  the  beatiug 
sirface  and  expands,  it  is  moved  along,  and  the  circulation  bt-coi»cd 
ertabliiJiei]  ju^^t  as  with  air.  The  "main"  given  off  bmncbcj)  where 
needed,  and  these  at  their  extn-niitie«  turn  back  and  bei'wnii'  "  rctuni*," 
which  c^'cntually  connect  with  ciicli  other  nnd  forgi  the  "main  return," 
which,  conveying  the  cooled  water,  enters  the  boiler  at  it«  Kiwi-st  (^ii-iiit. 
The  fir»l  [wrt  of  this  system  may  Ik'  com]iiirc<l  with  the  arteries,  and 
the  "returns,"  with  the  veins  of  the  body.  Vents  are  provided  fnrthc 
escape  of  dlHsulveil  air  libt-nittHl  i'rmn  the  water,  and  "cut-offs"  are 
iiMvrted  for  the  shutting  out  of  any  part  of  the  wystem  as  desired.  It 
IB  very  nece^wary  that  air  should  not  in-  iillowiil  lo  aconnuilnte  in  the 
pi|K9,  since  it  will  n-top  the  flow.  In  low-prewiure  syntems,  a  small 
cistern  is  provided  to  allow  for  the  exiKinnion  nf  the  wat*tr  and  to  prt-- 
vent  iti  overilow.  The  hot-water  system  may  be  of  either  liigli  or  low 
pm^ure.  With  hijjh  presisurc,  the  pi|K-»  are  nnialler  and  m-eetisarily 
stronger,  and  the  water  is  hwited  to  a  conKidcnibly  higher  t"-mpcranirv 
(300"  v.),  nnd  hence  circiilaleH  mort*  rapidly.  With  the  low-pressure 
system,  the  water  dm-.t  not  g^i  much,  if  any,  above  "21^"  F. 

With  ihc  hot-water  fVtttem  of  heating,  the  air  is  heated  ntatnly  by 
convection,  though  fi-oni  (Hdiphcd  [)i|H'.-<  a.  certain  amount  of  radiation 
occniM.     With  hi[:li  |iri-w-un-,  the  air  may  easily  Im-  nverhcitMl, 

.1.  Steam  Pipes. — In  (*team  heating,  the  system  ic  veiy  like  that  of 
hot-water  healinir.  cx<vpt  that  Mi^m  is  the  cirvidaling  inedinm  in:dcH(l 
of  water.  With  steam,  and,  indeed,  with  hot  water,  heat  may  be  dis- 
tributed by  the  "direct"  or  "indir»-cl"  nietliods.  In  the  "direct" 
method,  the  pijtes  are  distributetl  within  the  space  to  be  bcnted, awl  the 
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nir  of  Mich  room  ix  iR-ntw]  M-[iitralply.  In  the  "  intlirecl  "  method,  (Ik 
tuntiug  6urfnc«i>  are  all  cuiiceiitraletl  in  Uic  lntp«iiifdl.  aiitl  are  uiclovd 
ill  t^lviiiiiAtl  inii)  ('iiii<1tiil>,  u'liifh  r<-c«-ivc  nitil  comlilct  iIm-  nir  jiiri  » 
in  tile  oiM.'  of  (In-  liol-uir  tiiniucc.  Thv  twu  nKlliixl^,  it  will  Ih'  iiulinJ. 
va]-\'  widcK'  in  llii-  iiuitttT  of  astiintiiig  vvntilulinii ;  tbc  tlinrt  hmp 
iu  I1U  iiir,  Ixit  liuiiK  thut  wliiub  is  at  tiHud ;  tlie  intlin.-ct  briug«  iii  bi^ 
volutuefl  of  hraled  frenh  air,  and  tbu»  in(>ll^^n  ohaii^  ofiiir, 

111  niiH-lti^ion,  may  Ik-  im'tilitumi  IIk-  ciiiinirk-niblL'  Iwaliiig  iimi 
eirciilatin^  intiiiL'iice  of  buniinj;  illiiitiiiuiung  gnii.  Hv  menn^  of  »iiil- 
ahli-  iiulli-i.><  nhove  thv  biinit-i-s,  giui  uiiiy  Ih?  niittU-  nut  only  to  <li;>nhjii^ 
lliL-  prtHltictd  of  its  o>vn  cunibustiun,  but  to  fien<)  nut  large  voIuid(»  of 
otlierwixi:  vitiated  nir  as  well.  Nor  itt  the  tiutt  nf  x\iv  mn  w>  iii.'^giiifi- 
cuiit  tluit  it  niftv  Ik-  [kisjuiI  by  without  iiotici-  in  the  planning  ot'  <jv 
leniB  of  ventilation.  Ina.-iiiucli  as  the  difll-it-ncf-  iti  tetujimturF  of  lin' 
oiilMi<l(-  nil'  on  ihe  iiort.li  iiiul  Miuth  i^'u{<^»  of  n  hoii«i.-  avrni|j^  nlmiil  5^ 
and  may  reach  10,  d^rees  F.,  just  that  anioiiut  of  advantage  mav  l» 
gainiil  l)y  taking  the  air  for  veniilalion  from  the  wetmirr  Kiit<-.  Iu 
Univity  veiitilatioii,  th«  inlets  ^ould  be  where  they  may  fece  the  |ire- 
vailiug  winds. 

Regulation  of  Temperature, 

In  carrying  out  any  ^henie  of  tlHeiciit  vtntilaliun,  it  ip  neos«iiJ' 
to  f^iiard  npiinst  overlniiting,  which  ni«y  not  i>c  notioitl  tintil  il  ^ 
conies  so  marked  that  it  cannot  help  attraetin;[;  attention.  When  fiK'ii 
u  the  arne,  the  eoninicm  |)nii'lii.T-  i.->  to  mux.'  it  Jowvniif;  of  ilie  lem- 
pemUire  to  the  desired  point  ns  s'>on  as  possible  bv  opening  winilitwito 
admit  the  i-<)lder  air.  Thi'  iioiiMi|iicnei'  is  the  prodiieiiou  of  :■  ili^liiifUT 
(••ihl  alnioriplicrc,  more  t^o  (liaii  oniinarily  is  I'liown  by  llw  tlicnii'>i»''"^' 
wliieh  diH-s  not  i-eaet  very  promptly  to  sudden  chan^^es.  This  jiPniiK** 
chilly  sctisiitJon>!i  which  mil  for  a  rt'tiini  to  the  ori^^inal  nMxlition.  In 
the  nieiiutime,  a  lot  of  hfut  has  Ihi-ii  wnsted  and  tlie  foundntiim  f"f  * 
pohl  IniK,  [M-rlmps,  Ik^ii  liii<l.  If  uiiKlow-  itn-  U-i\  ogn-n  in  tin-  up]"* 
stories,  as  often  hap|K'ns  in  overhe!it<-d  biiildiii;^,  tlicrv  an-  twi^U"' 
oiiitlow  and  «ii.-<tc  of  hMit4'<l  nir,  with  a  eornw|K)itdiui;  inflow  of  ""• 
wiimiutI  :iir  below,  which  refjiiims  the  cxpcndilure  of  ad<litioiiiil  fu"  "' 
order  that  the  lower  stories  shnll  he  pmjwrly  wanned.  In  ovrt-liifl'"' 
biiililini;^.  iheii-  iii  nlwi  the  itdditioiial  low*  from  niitwiux)  lenkiifTllin'uiT'' 
all  iMissible  outlet  channel!-. 

To  pn-veiil  w,iste  of  heat  in  pi'o]M'rly  luiitttl  buildings,  wr  la*_* 
rii_i>iiiw!  to  donlile  pljiniiifr  and  double  windows,  IViublo  ([Isiing  >* 
nceomplished  by  fitting  two  }ia»es  into  eneh  sjiaee,  iuslead  of  one,  •'"' 
a  ci«KH."  of  a  (piarter  or  a  biitf  ineb  lM-lw(-«-n  llicm.  Bv  tins  oM^t 
the  loss  of  beat  oeeurrinir  ihnmgli  onliuar\'  wimlows  »  win'*'' 
about  one-tbini,  which  means  a  saving  of  eoiisidemble  fuel,  siow  "'" 
Urnn  of  heat  by  wndiirtion  through  jrlai^  windows  is  very  ocmwk'w'''''' 
Double  windows  are  still  more  efficient  as  heat-savcru.  Ken  "" 
om«r  window  h  owdv  lo  fit  as  accurately  and  i-lo»ely  m*  powihlc  ^ 
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llii>  iwp  rtf  lUtiiij;,  iuiil  we  liiiw  betww-ii  llic  iwo  wiiKlovm  a  fairly  lU-ci* 
space  fiilwl  witli  air,  wliR'li  ii*  ii  very  ptwr  comhiclor  of  heat.  It  is  «n 
liir  <unf^  prinoi|ilc  that  we  nw  looticly  wovpii  woollen  ffnnh  antJ  fiir.n, 
which  holil  within  thi.-ir  iii<'.'*1ii>.-'  iiiid  Ih-|\vi.vii  tin.'  hairs  u  hir^u  aiiioiint 
of  this  p<Htr  oHidiU'tor.  Tlie  I«»ks  of  li«it  thr<nijjli  wiTtlls  is  Icftsened 
whfii  a  :>iitiiliir  uir  .-{kiiv  cxUti  within  tlii'tn ;  a  soliil  wall  will  con- 
duct  a  vciy  larpi'  iinioiint  of  lical  uml  wasto  it,  wliilt-  the  Mint'  amoiiut 
of  huihliiig  mntf-rial,  or  «>nsi<k'nihly  lej«,  may  be  so  dinposfHl  as  to 
Lriti};  thU  loHH  (IiiwTi  to  a  TiiiniiHiitii. 

B  IjOSs  of  heat  is  causetl  also  by  dampness  of  \valli',  for  a  coiitiuiial 
^Bporatiuii  ffn^s  on  from  thrir  Hurfitcc.,  and  tliiit  retjiiin'.'*  hoal  and  pro- 
duces cooling.     Every  niinw  of  moi»tiin>  so  vaporized  rt^qiiires  the 
conriumplion  of  extra  fuel. 

Necessity  of  Providing  Moisttire. 

Concerning  the  need  of  insuring  a  normal  amount  of  moixture  in  the 
air  of  IicjiU^I  bnildiiips,  thon'  im  aiorc  or  U^.*  diili-rciiix;  of  opinion,  hut 
the  weight  of  evidentv  from  a  medical  standpoint  and  from  our  own 
ftCRitttionN  pointrt  tn  the  advi)<iilii)ity  of  iiitrodncing  an  amount  lA' 
moUture  sufficient  to  bring  the  relative  humidity  of  the  air  to  OU  or 
55  per  cent. 

The  lower  llie  fern jn'ra ton-  <A'  n  ImmIv  of  air,  the  low  the  amoinil  of 
moisture  it  can  hold,  and  what  wouhl  be  saturation  at  a  low  temjwra- 
luir  would  l>e  hut  a  very  low  relative  hnniidily  al  a  high  one.  For 
in.«tanc:e,  a  volume  of  air  at  *)"  ¥.,  containing  its  fulle-t  [xissible  amount 
of  lupi'-ouH  VR|Hir,  aihnitUHl  to  the  <^i)d'air  box  of  a  furnace  and  then 
healed  to  S.5°  F.  before  l>cing  cmiduet*-!!  to  the  rooms  of  a  house,  will 
have  at  it;-  new  tejn[H-nitiiiv  but  a  ven-  -■<niall  relative  humidity.  It 
will  1)0  so  ninch  drier  tluiii  any  outside  air,  that  that  of  the  driest 
climate  in  the  world  will  lie  moist  in  <^ni|i:irison.  The  great  majority 
of  I".  S.  f^ignal  Scrviiv  Sinlions  have  a  aieim  reliitive  hnniiilitv  of  Hfj 
to  75  per  cent.  ;  only  twenty-four  show  lielow  (iO  or  over  SCI.  and  the 
very  lowest  is  in  the  hottest  [Birt  of  .\ri/oiia,  where  m-wsiHiper!'  cniek 
when  handled,  glneil  furniture  fnlls  apEiil,  and  the  skin  liecome"  himl 
and  dr>'.  At  tliis  plact?.  Fort  Yuma,  the  mean  relative  humidity  is  ■'J.j 
per  cent. 

When  orit<Ionr  air  is  h«iteil  so  as  Ui  maintain  an  oven  tem]>er!itui'e 
of  70"  K.,  but  wiih  no  addition  of  watery  vnpa-.  ils  eajntcily  for  .ili- 
8orbing  moisture  !»  very  much  increased,  and  it  will  take  it  up  from 
all  moiai  objects  with  which  it  eonies  in  (•oulad.  It  will  take  it  from 
tbc  skin,  rn>ni  the  mucous  memlmnies  of  the  month,  no^te.  and  re*]tir- 
atory  tract  ;  from  furniture  made  from  woihI  which,  in  the  ])r<K?esR 
of  kihulrving,  was  never  hmnght  Ui  such  dry nesfi ;  from  the  leather 
binding!)  of  hooks,  causing  them  to  crack  and  fall  to  pi»^es ;  and  from 
plant,"!,  which,  in  conseijuenw,  wither  and  die.  It  thus  causes  more  or 
Itwi  drj-nws  of  the  >fkin,  irritation  of  the  thnuit,  and  cough.  It  causei* 
also  need  of  a  higher  temperature  to  give  the  same  sensation  of  warmth 
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ami  comfort  tlinii  b  thv  com-  with  air  (Hinluiiinif;  ii  nurmal  amouolut' 
moisture.  It  is  on  nocmint  of  tht?  disagreeable  and  d<«tniclive  effect" 
of  i'Xln-nn>  drytnw!'  timt  wntiT-lidldfrrt  niv  ntUtdKt]  In  riminun  irnJ 
MoVGii  Ml  iifi  to  givv  niui^tiire  to  llic  keutcd  uir.  But  pveti  when  alb-n- 
liiiM  i»  |inid  to  kctjim^  llioiii  full,  wliicb  ia  not  ofWi,  tlioy  iirr  vrn- 
iiiaik-tjiiutv  fur  tin-  ))iirpi>i>e. 

Air  at  'io°  F.,  saiuniu^  with  moii^tiirc  ami  ilicn  Ii««I<hI  to  70'  F^ 
would  m'<>d  moiv  tiiiiii  O..'}  pim  of  wntrr  iti  <'%'on-  ]  ,000  (.-td>io  fiwt  1" 
give  it  a  luimUlity  of  Uo  [kt  ii-iit.,  and  tlti.o  is  far  in  f.xct;^  uf  iIk- 
(■ii|i(U'it_v  of  till'  oniiiiiirv  wati-Cjiol  nf  iho  liirnncr,  tv*  in  swn  wW  «* 
rtrkon  wliut  HJ}  i>iiit  jkt  l,<)<)(t  ciiliic  ftt-t  muitiB  m  tbe  oouiee af  a 
day, 

Miiititnrc  nwy  lip  imjnirtcd  lo  ilic  uir  liy  ux|wviing  paiu  or  ptimro 
v<-(Wpl«  of  wiittT  ro  the  lieuttti  ciinont,  oi-  by  mcQim  of  tho  "hiiniiili- 
ficr,"  which  fximni-fl  to  the  air  [Ki.->.-iii}r  tbroiijib  the  rcpij^tcrs  a  mrfw 
of  rutton  wifkiiiK  viuunninimtiiig  with  tht-  ri'SLTVoir  "f  walor.  (Sv 
Fig.  44.)     Witli  this  de\'ioe,  Dr.  U.  J.  Barnea,  of  Bo«Uid,  repon* 
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that  he  'm  ablw  to  kwip  hb  office  at  53  pt-r  «>nt.  rclntive  hiimidi'?  l? 
evnporating  an  average  of  4.5  <]uarte  of  water  per  day.  At  llic  """* 
time,  htf  linds  ii  tciiipcnitiirr  of  66'  to  1>g  jxTtiHTtly  comfurtalilr  ■«"* 
bi-fore  he  bud  rpquired  "0*  or  71*. 

(in  a  Ifti^r  smlc,  watvr  nmy  I»  \-apnrixed  into  tbc  air  in  the  fw™ 
of  titi-uin  fnmi  u  buitcr.  In  the-  building  of  tW*  Amcrioiiii  Ml  Ti"'^ 
phoiw  Co.,  in  BoMoii,  n  bnilding  having  a  capncity  of  450.*'*''^  ■'". 
iirt  iiml  n  day-time  iK'jiuhilioii  of  mnre  ihitn  -IJVn  prrsonii,  thf  "'• 
which  is  distribnt^-d  by  the  nKvliiinifvil  ^vloin.  is  dniwn  iuW  "* 
building  at  the  nit«>  of  2li,n00  ciiliic  fi'ct  per  minulo,  l>cuted  lo  iw^ 
100°  K.  in  the  flmk  room,  ntid  nioi»|i>tic(i  no  ».-•  to  <<i)»tain  aUwl  " 
[K'r  cent,  nbitivc  iuiinidity.  Fi'r  the  prudiii-tion  of  thj«  cindic*' 
no  h'jw  ihnn  !>"■'>  gallon.-'  of  wiitcr  in  thi-  form  of  litciiin  uri'  givcoj'* 
tlic  air  in  ten  )ionr»,  or  alxmt  oor  niiil  ii  balf  UirrcU  jK*r  hour.  Gcrttti" 
parttt  of  the  building  which,  Itefore  the  adoption  of  this  pn«*sp,  liW 
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been  li«ated  willi  some  (iifficuhy,  arc  now  made  more  comfortable,  and 
ID  Ok  vfhoU'  hiilkliiig  3  d(^r«.-»  less  beat  urv  ntjuin-d  llir  ihi:  iimiiitMi* 
*Dce  of  au  sigreeable  temiK-mriire.  According  to  Mr.  C.  J.  II.  Wood- 
bun/  hihIit  wlmw  ilii>-<-li>iii  rlii-  ]iliiiit  wtLi  inMittli'tl,  "anollicr  rfjitiin.* 
iudk-atiug  the  f^cntov  comfort  of  tbo  building  wn^  the  absent*  in  win- 
tw  of  thi;  c'l'iigiiing  b_v  tliose  enijiloyed  tliere,  a  cough  of  the  brom-hial 
kind  or  from  the  lai^'nx,  a  cough  which  vndit  witii  a  Mjnuil,  which  is 

jp  pn-vah-nt  in   Now  Kngland  during  the  winter,  especially  in  those 

%m|>Ioyeti  iu  office*." 

Filtration  of  Air, — Here  may  be  given  an  instance  of  the  benefit 
licrivitl  I'roui  tillering  hirgi-  volnmcs  of  «ir  intrrKlutx-it  Into  a  building 
for  purposes  of  ventilation.  In  the  building  above  mentioned,  the 
air  i«  dr.iwn  inlji  iiml  through  a  wy.tti'ni  of  larjic  cotton  liajpt  ;iO  fwt 
in  length,  iu  which  all  dirt  and  dui^t  Is  retiiirieil.  About  a  {Kvk  jter 
month  is  M-()ur:it<nl  iu  thi*  vray  tVimi  ihi-  iiir,  which  is  drawn  not  from 
the  street  level,  but  far  above  it.  An  aimly*i«,  clictnical  and  micro- 
flcopiml,  nwilc  in  April,  18!)7,  showetl  ^2,67  per  cent,  of  organic  and 
77.33  of  inorganic  matter.  The  material  conKisHsl  of  idl  iiiiinucr  of 
animal,  mineral,  and  vt^^table  substnnoes  ordinarily  prcM'ut  in  the  dust 
of  large  ctticv. 

DetertninatioD  of  Bates  of  Ventilatioa. 

The  eslJmation  of  the  amount  of  air  entering  and  leaving  a  room 
through  inlet  and  outlet  flni-s  \i^  a  very  ><implo  matter,  but  the  resnlta 
may  not  ito  accepted  as  an  indication  of  the  efficiency  of  ventilation, 
eincv  it  so  often  biipgicn*  tiiat  niucli  of  th<-  cflhieiit  air  liiii  fuilctl  to  per- 
form itA  full  duty  in  diluting  the  impurities  ariniug  from  rcapimtiou 
and  (i^nibufftioii.  Nvvcrl.heic.'*!',  «uch  a  determination  may  yield  im- 
portant in«iications. 

In  iinlcr  ti>  aso^rtain  the  volume  of  air  passing  through  an  ojiening, 
whether  inlet  or  outlet,  it  is  iieces«iry  to  know  the  area  of  the  opening 
and  the  velocity  of  the  current.  The  tbrmer  is  easily  calcidated  arith- 
metically :  the  latter  can  Iw  found  only  by  the  use  of  an  a  nemo  meter, 
an  instrument  of  very  delicate  construction,  which  registers  the  distance 
ImvelKil  by  a  current.  <tf  air  iu  itny  |MTiod  during  which  it  i-<  cx- 
po-rcti. 

A  current  of  iiir,  {inssing   through  an  ojtening,  lm.i  not  the  Kami* 

ix'ity  at  all  |)ointe  of  its  cross-section.  It  move*  iu  the  same  manner 
a*  a  river — faster  at  its  eenli'r,  when-  it  is  least  subjwt  tn  the  infiuence 
of  friction.  Thcn-fow,  the  veh>city  wlioidd  Ik-  tiikcn  nt  dilll-ivut  ])iiintjc, 
anfl  the  mean  of  the  results  accepted  as  its  true  rate  of  nif>vement. 
The  nnemonii'lcr  h  hchl  for  a  giicn  time,  sity  half  a  minntc,  at  a  [wint 
at  the  peripherj'  of  the  o{x!ning,  and  then  niovitl  along  a  short  «li*tauce 
and  held  for  tin  ci|uul  ix-riod,  and  so  on,  fivmi  point  to  point,  until  the 
whole  arwi  has  fiiirly  Ik-cu  traversed.  The  njidiiig  of  the  iii^truuicnt 
is  then  noted,  and  the  distance  indicated  is  divided  by  the  number  of 

'  Tniniiictionii  of  the  New  ICngUml  <.'<iUon  Mnoufncturen'  .\tBodaUcui,  Vol.  iXi, 
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poiniK  where  alojw  have  Xtf^n  (iinile.  Thi-  ([iKiticiit  ih|Ii»1i<  llic  iliHtanoc 
travpllc<i  by  tlic  whole  current  during  the  uuit  of  tiino  employed.  It 
will  t>e  found  niixtt  oommoitly  rhal  the  nKiv<-iiKfnt  at  the  iH*rijihery  is 
ven-  ?Iitw,  ami  tliat.  lis  ihf  wiiU-r  is  apiiroiictifd,  the  velocity  hccotuea 
greater  and  greater,  the  luaxininin  heing  altaiuid  at  the  winter.  Kriow- 
iag  the  avmgt'  nKivenient  in  fwl  <>r  mett-re,  the  viilume  i»  ealculated 
by  multi])lyiug  this  by  the  area  in  itquare  feet  or  square  meters,  \\m 
product  tK'ing  iho  volume  in  cnblp  IW't  nr  eiihie  meters  jiaiwing  ilnriaf^ 
the  unit  of  time.  From  thi&  n.^ult,  the  volume  per  hour  is  easily  made 
known. 

Ex^vMi'LE. — ^The  size  of  the  opening  ix  2  by  3  feet ;  the  area  is, 
therefore,  6  «(iunn>  feet.  The  aneniomctiT,  helil  at  twentj'-fwir  |Njiiii8 
for  fiftivn  seconds  each,  register*  228  feet.  The  mean  of  this  is  9.5 
feet,  iind  tin-  onrr<-ut  is  nif>ving,  then'fore,  at  the  rate  of  .'18  feift  per 
minute.  The  oros«-*iH'ti<iii  uC  fhe  nirreiit  being  (>  sqiian-  feel,  the 
volume  di.'idiarged  in  a  niintite  equals  (i  X  38,  or  228  cubic  feet,  and, 
in  an  hutir,  l^,ftRO  cnliie  foet. 

By  ileierminitig  the  rate  i.'(  discharge  through  all  inlets  sud  outlets 
in  thi.-«  manner,  an  idea  i^  obtained  of  the  amount  of  ventilation  ononr- 
ring  tlirotigh  inean"  ]mivr(kil,  bnl,  lu*  bus  Ihvii  slate<l,  nut  of  its  effi- 
ciency. The  simi  of  the  inlet  diseharge  will  almost  never  agree  with 
that  of  the  uutlut>  since  much  air  enters  and  l(nv(«  a  nxjin  thrmigli 
other  openings.  Knowing  the  capacity  of  the  room,  wo  learn  from  the 
amount  of  inlet  air  the  number  of  timei>  the  air  of  the  mom  ha.-<  Ikx*ii 
replaecl. 

Tlie  full  im-asiire  of  ventilation  and  its  cffidcney  may  be  dderniii»cd 
voir  closely  by  nielfaodn  origlnati-d  by  Petfenkofer.  One  of  these  con- 
sists ia  111*1  (leating  iin  iinusnal  digrei'  of  impurity  either  ihrongb 
respiration  of  a  large  numlicr  of  pei-sons,  a^s  f"r  tnstanee.  by  ehiblren 
ocfn|rt'ing  a  school  if  Him,  or  by  burning  a  numlKr  of  ntndle.t,  or  by 
other  chemical  prtx-essee,  then,  afU-r  taking  a  sjKi^men  of  the  air  for 
analysis,  kifjiing  ihe  nwRi  closed  for  an  hour  or  two.  At  the  expira- 
lion  of  the  alloite<I  time,  a  second  sinnpli-  is  taken,  and  from  the  resnlb* 
of  the  two  inialyM-H,  the  r.ite  of  ventilation  is  asctrlaim-d  by  nieuus  uf 
Seidel's  formula,  which  is  as  follows: 


ft  -  " 
in  which  C  —  aKunml  of  nir  nliicb  biui  enlend, 

3.30S  H  B  (.IlIuiTailT. 

m  ^  oipicilT  of  ills  room, 

]>,  =s  mmouni  of  i-W,  nripnnllc  prcKOt 

ji^  s£  aaiuunt  nf  rv>,  ii  ihi^  rml  of  the  <^xp«iiiMi>L 

•    =  unoiint  uf  0>,  in  (liv  rXK-nml  u![. 

KxAMi'i.E. — The  air  of  n  scb'Mtlroom  of  ."jOO  cubic  meters  capacity, 
acnHnmi flitting  •I'l  children,  contains  at  the  end  of  itie  se««ion  \^J>  cc. 
of  C(>,  in  lO.tKM),  or  O.flOIJtfi  :  I.  At  the  end  of  an  hour,  a  second 
uHtw>  4m)ws  8.5  cc.  of  CXJj  in  10,000,  or  0.00085  : 1.  The  outer 
3.5  oc.  of  CO,  in  10,000,  or  0.00035  : 1. 
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Then 

*'      ^^  ^  **"  ^  "*  000085  ~  OOOOW 

iiei  e  ,,  1       OHKlIo 
=  lIMJXlngo^- 

=  1131.5  X  Iok3 

=  1151.3  XO-t'TiaiS 

=  &19.4  cubic  inclcni  of  nir  in  an  bow. 

Tliii.*.  the  air  of  the  nmra  is  reaenxtl  l>iil  onw  arwl  a  tenth  per  hour, 
ami  tiip  iv^iilt  »huw»  tliat  the  pi-r  ui[)itu  vent it;it ion  if  iilxiiil  .-i  liflli  of 
wliai  it  ftbnuld  be. 

The  other  iiiftliiMl  cuiiHiMi*  in  imjsirting  to  thr  »ir  of  a  room  »  (Hjiitin- 
uoufl  supply  of  Kirbon  tlio.\i«le  by  means  of  burning  candles,  and  making 
pprictdinil  »iiiilv.->i-!>  of  i\u-  troii  In  incut  uir.  Otndli-H  of  juin-  --tf^irln,  t 
gram  of  which  yiehls  1. 404  liters  of  the  gas,  are  eniplovi'i],  A  prclimi- 
lary  Bniily:^U  of  the  air  U  m^e,  iind  then  a  imuiber  of  the  candles,  the 
cwnbiDcd  weight  of  which  in  noted,  ure  placed  about  the  roriiii  and 
lighted.  At  totaled  interval^),  the  room  i.i  entered,  and  atV^r  thi-  air 
bas  been  well  inixeil  hv  vijroroui^  fanning,  Miinple^  urt^  taken  for  anal- 
ysU,  At  the  end  of  the  ex|)eriment,  the  eandleg  are  put  out  and  re- 
weighed,  and  fnmi  their  lo^t  in  weight  unil  the  rtvnltii  of  the  iuuily.->e*, 
tiie  amount  of  ventilation  iii  calculated  by  means  of  a  most  eomplicated 
fomiida  deii'iycd  by  Hag<-.nlMti-Ji. 

Other  methods  have  i>ecu  proposed  by  Recknagel,  Petri,  and  others, 
but  they  present  no  ailvantagi.>n,  aiul  are,  in  geu<-ral,  6o  coiuplieat«d 
that  in  the  hands  of  other  than  expert  physicists  they  are  quite  useless. 

Section  3.     LIGHTING. 

Natural  Lightlllg. — In  natural  lighting,  the  light  enters  the  room 
directly  or  liy  reHi-etion  through  the  windows,  niul  i»  then  rcrflet^nl  to 
different  partis  of  the  inlerior,  which  receive  difTerent  amountn  of  light 
according  to  cireumstaneeK  Tlius,  white  and  lighi-eolored  wnll.-«,  Hoon*, 
and  .irlii'lw  <>f  furniture  reflect  »u<l  di.-«j>erse  the  light,  while  dark  walli:, 
draijcrit'!',  and  other  objects  aljsorb  it.  Large  rooin^  having  but  nnndl 
window  area  and  all  rooms,  however  gi.'uei-on.-ily  providetl  therewith, 
looking  on  narrow  alleys  or  sticcts  in  which  the  op|Hisite  buildings  are 
iH>  high  thai  the  sky-angle  is  small,  eaniiot  Ih'  illuminated  uniformly  hy 
diffu«e<l  diivliglii  without  ^cwnc  ii''t.i'<tanee. 

The  mean*  eujjiloveil  are  e\eeedinglv  simple,  and  the  discovwv  of 
their  ntility  for  thin  )iur[MM(-  was  due  u>  chantH'.  [ii  onler  to  obstruct 
tile  view  into  factorv'  workrooms  from  the  outride,  and  to  lessen  the 
temptation  to  operativoji  to  wa-ite  time  in  looking  out.  riltlH-tt  gla;<.'> 
WW  intnxhieed  inr«t«ul  of  onlinarv  gl.iw  for  use  in  window*,  anil  it 
was  notii-ed  that  not  only  was  the  desireil  end  attained,  but  lluit  the 
light  from  the  windows  wa.i  projei-titl  liirlhet-  iuUt  the  riMimK,  and  to  KUeh 
an  exti-ut  in  some  instances,  that  artificial  lights,  rtHjuired  before  in 
tlic  brightest  part  of  tlie  day,  could  be  di^jmn-*ed  with.  Alteutiim 
being  thiLt  dmwn  to  the  gnat  udvuntuge  and  saving  of  expeDK«,  a  uum- 


446 


BABITATtOSS,  SCHOOLS,  ETC 


bcr  of  diifercDt  k'lodii  of  gla«s  with  unvviiD  siriiwr  t»vc  \xtsa  pXaccd 
ujmn  ttu-  market  and  have  come  iuto  very  extensive  use.  The  best  of 
tliow,  wliivli  i.*  [lK!imwlfXiicii»ivc,  i.s  kiiowii  iw  "  jn-Uiimlic  gl«A*"  frixii 
the  fact  that  cue  i^iirface  tuDGiHts  of  a  series  of  prisms  niDniog  horlzoD- 
tuUy.     Tb«  entering  llglit,  iiii«fmd  of  falling  iliivctly  to  the  floor,  i» 


Fia.  4& 


Mas  «ifW  ar^fjuny 

^^■■rify/.m         U 

■■■-"' —         r 

■ 

■ 

i^r^-w^a. 


Fia.4& 


Action  of  prluDtuc  clua  tn  projcclini  ilgbt. 

tipped  lip  and  projecteil  toward  the  opjiosite  sides  of  tlifi  room,  aa  ehowD 
in  F^.  45.  Vcrtiojd  siH'lioii  of  n  nbcct  of  the  glass  is  shown  at  --t  in 
Fig.  Hi.  Rv  varring  the  angle  of  the  prisms,  the 
conditions  ol>l»iiiing  in  any  iiitiiHtion  uin  lie  hhH 
and  light  may  be  projected  in  any  desired  diivc* 
tiou.  Nalurolly,  tin-  prinms  eaniiot  Ix!  used  indie- 
criininiitdy,  for  a  scries  adai)ted  to  light  the  entire 
lower  jiort  of  tin-  room  with  a  certain  sky  angle 
mi^it,  when  npplit^^l  to  another,  thniw  tlie  light 
toward  the  ceiling  instead  of  to  the  parts  where 
it  is  ro<|uired.  Tliercfotx-,  to  meet  nil  conditions, 
ttie  glass  is  made  with  a  great  range  of  angles, 
and  the  [Mirtionhir  kind  nt-cdeil  in  any  situation  ia 
dctj?niiiiied  by  measurement.  Where  the  ?ky  angle 
is  veiy  sniall,  oiniojites,  hnng  at  the  proper  angle 
above  tin-  windows,  s*rve  to  tl>n>w  inward  a  flood 
of  light.  The  disadvantage  of  prismatic  g]iu»  i« 
it«  gntti  (stst. 

Hibbnl  glass  is  very  eflicient  and  much  IcM 
ex])ensive.  Thin  is  made  with  -1,5,  7,  11,  and  13 
ribs  to  the  inch,  and  of  difl*erent  thieknens  and  wcij^it,  »iince  the  fewer 
tbe  ribs,  the  deeper  they  must  be  cut,  and  the  thicker,  therefoiv,  the 
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nite,     Vcrtkvil  soc'tiun  uf  n  Atuvt  af  ribbed  glaiw  is  liliou-ii  ut  fi  in 
Fi,r.  4«. 

Artificial  Li^btiii|[. — Thi.-  hk'IIi'hU  iif  tirtitioml  illumiiiiition  (xim- 
prifte  elcclrii;  li;;litini,'  anil  tlnwe  ilcjicndwit  U]k>ii  ihe  ooiii  bust  ion  of  oils, 
ga.'^'^,  null  biinl  tUts.  The  oiU  citijilnviHl  »n-  cliirHy  of  niiiK'nil  iiri^n, 
but  HDiiiuil  iind  vif^Uiblc  oils  firt-  ii^cil  to  isnme  extent,  frlthongh  not 
vt-ry  njucli  in  thiw  wmntry,  Hard  tats  in  the  form  of  tandh's  are  nwxi 
vcrv  fxUiiJ'lviIy  in  all  conntricB,  mi  ticconnt  of  aafotv,  cheapness,  und 
general  availaliility.  The  ga^'as  iu  i-onimuu  use  are  derived  fmni 
<iiid  ntv\  liydriii-iirliiiii.s.  Of  ]?iU',  lUK'tvlcnt^  ^l-c,  oliiaiiKiI  bv  tiic  uctioil 
of  inoii-ture  "in  cidtiiini  ciirbidc,  has  eimie  into  extensive  use. 

Laminottlty  of  riame. — In  tbc  omibn^rion  of  u  eandle,  it  will  Int  oIh 
served  that  the  flamo  consists  of  four  parte,  tbe  lowest  of  which,  blue 
in  («lor,  ^vcA  oni  practically  no  lighl;  the  middle  pirtion,  dark  in 
color,  oonj^ists  of  hydnKnirbon  rji*  geiK'nitwl  fiimi  thi.-  tmbistjinw  of  the 
candle ;  next  ih  llit-  luminou'^  yellow  |>iirtion  ;  and  oiit-ide  of  this,  is  lui 
nlnii}»t  inviiibie  cnvelojH;.  The  Jitnioiqjbcrio  oxyut-n,  moving  towikrd 
the  inner  jifirtion  of  the  flame,  tinitt-s  with  the  earlmn  escapinje;  outward 
from  tht:  hnniiioiis  [Hirtioii,  itiiil  torniK  I'iirboii  dioxide;  mure  oxvffcn 
pasies  onwiird  and  inward,  meets  tiu'  hot  g-.i?*  from  (lie  eentrid  [Mill  of 
the  llani<!,  and,  hein^  inHul)ii'ic-nl  In  amonnt  to  iinire  Willi  iKitti  the 
hydrogen  iitid  earlwn  oniititucutc,  combines  by  rcnwui  of  greutt-r  aftin- 
ity  with  the  hydr<^-n,  li«vin;r  the  fiarlHin  five,  but  so  minh  raised  in 
U-niixintiin'  tliiLl  it  liecomes  iiie«niU*tK'iit,  liius  funnelling  ligiil  linring 
die  cxtrenu-iy  flight  intirval  clapping  In  'ttrt  pa.tHii;:^  lo  the  outermo-.t 
|>ortioii  of  the  thitiic,  where,  :i»  hsis  been  rtat«l,  it  is  oxidi/ed  to  eiirlitiii 
dioxide.  The  same  proee.-w  goes  on  in  the  Rombuatlou  of  illuminating 
gHH  and  oils,  the  InmiiiosiCv  of  the  Ihtme  being  dnc  fi  the  ineiindeffeent 
particles  of  eurlion  iu  the  breaking  up  of  the  hydroenrbon  eompoiinilut 
mil)  their  elcnic-nt.->.  A  mixture  of  gim  uu'd  air,  8neli  il'i  <H'eiu'!<  in  the 
iMc  of  the  Biinsen  bnruer,  gives  off"  little  or  no  light,  since  each 
particle  of  c^rlxm  is  provided  with  sufficient  oxygen  to  eonv<Tt  it  nt 
■Micu  into  carbon  iliosl'ie,  and  w)  in(^ndes<x^'ncc  cannot  occur.  If  the 
^r  supply  to  the  interior  of  tlie  tiame  is  whut  otl',  hmiiiiosity  in  prr>dnccd 
it  onoe. 

If  the  area  of  the  outer  KuHaoe  of  an  ordinaiy  g;is  flame  U  so  small 
that  atino^pherie  oxygeji  cannot  be  taken  up  Miffieiently  ftt<t  U>  unite 
with  all  the  cjirbon  arriving  at  the  outer  jiart  of  the  flame,  the  imoxi- 
dized  carlMn  beeomes  emilwl  below  the  ignition  juiiiit  and  is  given  off  hi 
iJm?  finni  of  smoke.  IVlW-ts  in  the  burner  or  excessive  riehu«^  in 
hydrocarbons  may  cause  smoking  dnring  combustion,  tlie  supply  of  air 
being  too  small  t^i  eom'Uine  the  carbon.  TIic  introduction  of  »  cvtil 
surface  into  the  luminous  [xutioit  of  the  flume  causes  deposition  of  Koot 
thereon.  If  the  anw  of  the  tlanie  is  made  too  largt>  by  turning  on  n 
large  volume  of  gas  inub-f  hiijii  pres-inrc,  the  giis  is  projeetcd  so  far  that 
it  comeH  in  contjn^  with  suflieient  atniosiiheric  oxygen  to  burn  a  large 
part  of  Ws  mrbou  and  hydnigen  Kimnltuneijusly,  and,  us  b  rwult,  tlic 
excess  of  g»B  is  consumed  without  luminosity  aud  wasted. 
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Oas  Buntera. — TIip  Ix^t  of  the  IxiriK^is  in  most  coiiiiiioii  uue  b*  kiiimn 
tt»  llw  ftiiC»-u-inr/,  ('mm  tlio  sliii|w  wt'  tlw  flitnii-.  'ITif  ti[i  is  httuU|)luT- 
icai,  and  is  providwl  with  a  i^iiit^lf  Htraigbl  silt,  through  which  dit  ^ 
ciiii-rfffit  hi  a  ttiiii  fliiL  Khccl.  AiiolhtT,  kiuKvii  w<  tht^'  Jli-h-iiill,  oiiiuIha 
hi  itx  tip  twfi  ntiiiill  uriticM,  thn>ii;;h  whi<'h  the  giu  iMiUee  «nii  ibpii 
e])iviKlii  out  into  :i  tliit  Httme,  h1i»)hsI  u."  ihi-  luiiiie  iitdicAt*^.  TVA*  hiirair 
if  intVriitr  to  i\w  hiitVwiii^  in  thai  it<<  (ii\mv  i»  K-m  luntinous  uidi  thi' 
i^iin)'-  iiinount  of  gas,  and  tin-  urilicfH  arc  Diuch  ninro  ivsaXy  looltd  aod 
rHTludi"!, 

Till'  A>-;j'i>iii  hwnwr  c^Hi-istii  ot'  a  hollftw  rinj:.  jiryividMl  nith  a  Ciwlf 
of  .Hniiill  liiiU-H  iimi  atttii-lHil  hy  hollon'  aritiK,  thimifih  uhirh  llir  ^  i» 
«n|>|)li(.ii,  tu  n  HiK-kvt  ecn-wnl  lo  the  |>i)M-.  The  g»E,  ii^iung  fr<im  the 
holcH,  farms  a  circular  Haiiie,  which  in  provide)!  ^vith  an  nl>Tindiiiii  lit 
supply  vvhidi  |«i!«'u!'  npwunl  through  the  ix-rfonitioiis  of  ihc  holiiitfw 
the  chimney,  which  JB  an  eswntial  jmrt  of  thi-  np]i»nittix,  iiuil  ilirnDgti 
the  tHiitiiii  liyle  of  tho  burner  n.-*  well.  The  vhinuiey  thoiiltl  Ih'  cf 
pmpc-r  diameter  and  height  to  insure  au  air  NUpply  adequate  fur  com- 
])lete  i-'>iiilmiili<>n  of  tiie  giis. 

Thi-  W'lMiin'h  burner,  which  may  be  talten  a§  a  jpiod  repn*ciitalivp 
of  the  elafw.  of  ii)ejinih'Mi-«i  him|i>,  ei>n.'«ip'ls  of  a  imn!ifi(il  Kiin><ni  hiirmr, 
over  whidi  i*  eiispendi-d  a  mantle  eomjRu-cd  of  ineutnhui'tible  iiistiriiil, 
which  becomes  inlcnitely  liiminouei  wlieu  hrated  in  tin-  ItnuM'Ji  Daioc. 
•ml  thns  tniii;<f()rmi>  min-lumiiiuiif  heat  enerp'  into  hniiinoii^  lipht 
ndiiition.  The  numtles  are  made  in  diflerent  \vnys,  of  diflen>iit  malt- 
riids,  luid  lire  exi'i^.-tliiifjlv  fnif^ile.  One  of  the  mi)St  (Hiniinon  and  liest  •"rte 
IB  made  bv  Kituratin^f  a  dcliealc  network  of  ei)ttoM  in  a  rfronc  »"luli"u 
ofscveml  eiirthy  (■3[idc»  (ei^ium,  Mrconitnu,  htntlwniini,  tliorium).  llii^n 
baking,  unil  finally  heating  it  nntil  the  eotton  fibers  are  defilioynJ, tliiu 
Iiiivinji  n  (iiiiiw  ei)n)|Kwe<I  of  the  oxithrH  nh)ne.  No  singl«  «rth  i>  effi- 
cient by  itself.  The  flume  iind  mantle  nw  pnitwted  by  u  «yliiiilri<«l 
ghiK*  ohimney,  which  ftervei  alBo  to  stendy  the  flame,  and  the  wbiJ"^  <* 
cnchwixl  ccitiimonly  in  Minic  fonn  of  gloU'  or  xhndv  Ut  roodi/y  'I"" 
intenpily  of  the  liirbt.  By  pTOviding  a  Miltable  btirncr  to  ire*on-  "»■ 
rtrqnisitf  dcEnt-  "f  hnil,  any  kind  of  e'lrnlm^tilih-  pis  or  oil  \T«por  ^ 
be  ii^-ed.  Liiiiips  arc  made  on  tho  «imc  principle  tor  kerosene  hiini'lH!- 
The  ineandeseint  nuiiith'  not  only  givt«  oni  much  luoi-i-  light  ilia"  »" 
onliiiary  (tr  Arjpind  flsime,  but  dotw  no  ut  n  mticJi  Hiiialk-r  exjiendili*'* 
of  gas. 

Objection  is  often  ina<lc  that  the  WcUljiielj  light  is  \'«ri-  Itj-ii*  •* 
the  cyeji.  This  itt  true;  but  the  same  objection  mav  1k'  iii^^I  np""^ 
the  .'^tm  and  other  intensely  bright  objects  wln-n  looked  nt  dircrty' 
The  lights  should  lie  eo  placetl  that  they  uill  illuminate  tli'M'  |"^ 
where  light  is  iiewhil ;  and  if  they  an-  likily  lo  tr\-  iIm-  i-yw.  ll"!' 
Hhouhl  Ik-  enehwii  in  glolx^-*  dittignvd  to  Hoften  the  gluiv  iukI  diSu* 
tho  rays  uniformly. 
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is  mtttlv  by  li«iliiiK  bitumioous  foul  in  firi'-t^Iiiy  rt'torfs.  In 
the  t'ntii{HiutKlH  of  hydrogcu  nod  carbon  arc  traoetbrmed 
iinl  "tbcr  |irwlnotsi.  Tlii;  pis  is  iimOnciwl  by  [»i]Rw  to 
I  j mriiiiT!-,  where  it  is  fr«K!  i'roni  .-iDinuinia,  bydrogcn  siil- 
,  lurrv  iiialtcri.iinii  utluT  TtTi|nirit.iw,  mul  tlicTi  i^  tiimcd  to  stornj;^ 
The  piiritietl  product  couBJj-ts  of  about  60  parts  of  bvdrogeu,  35 
»Ii-i^u«,  0  or  7  (if  curbtiu  nuiuoxidf,  tind  tht;  remainder  of  ethylene 
bydrocarbon?!,  and  iiiti-of^tn. 
kter-gu  i-i  iiimli-  froiu  ciki-  or  unthnu>it«-  eonl,  Nteam,  aud  petroleum. 
■  coke  or  t^d  is  plancil  iu  :in  iiir-ti^lit  ryliiidi  r  Mik-iI  with  fire  elay, 
Itfaen  IS  i);iiilol  tiiid  blown  nji  to  :i  while  heal  by  DKmns  of  a  bla«t 
The  air  is  tbco  kIiiiI  otl'  and  a  current  of  «tcam  is  blown 
■h.  Thi-t  LH  decomiHi^il  by  the  g:rrat  beat  into  hydrc^n  and 
11,  the  I'oniK'r  imssiri};  on  itiieoinbltied,  iind  the  lattii'r  uniting  with 
lariiun  to  form  carbon  monoxide.  The  rcHidtin;;  niixtuiv  is  tlicn  ear- 
TWtl  lo  a  f^.L"hctldi'r,  from  which  it  i»  condiietHl  U)  the  "  «irhiHTtter," 
where  it  is  ennebcd,  in  order  that,  when  burnc<l,  it  shull  proilucc  a 
luiuinons  flame.  This  is  a  I'liamUT  of  tiiv-briok  kept  at  reil  heut. 
Here,  vaporizcil  petroleum  is  injcctixl  with  the  Imt  g-as  until  the  riijuis- 
iie  peivejiUiKe  of  mirboii  in  tlii'  mixlnn-  i.i  attained.  The  final  product 
has  niueh  the  s:nne  odor  as  eoaUpis,  but  is  of  very  diU'ereiil  «jni]K>»i- 
tioD,  and  much  more  poisonous  in  chanioter,  containing  about  tiO  per 
«-nt,  of  carbon  monoxide,  35  of  hydn)j^u,  20  of  inanih-gai-,  and  the 
niiiiundcr  of  ethylene  and  iutrog«!n.  \V'ater-^s  may  also  be  made  by 
Lumping  crnde  iH-Irnliiitii  in  a  snuill  stream  into  a  Rii-hot  pi»  retort, 
where  it  is  convertetl  at  once  into  vapor,  whicli,  with  a  current  of 
superheated  st<>aui,  is  Ihi-n  driven  thrcnigh  a  long  coil  of  pi|ie  ht«ted  to 
a  liifffi  fcmpcnitiire.  The  chemical  reaction  is  the  same,  tJie  carbon 
uniting  with  the  oxygen  of  the  ste;im  to  form  carbon  monoxide,  leaving 
the  hydnij^i'n  frw. 

Tlic  poisonous  properties  of  both  eoal-(raa  and  water-gas  are  due 
solely  to  iliv  eonlaiiK-d  cwrlHin  monoxide,  which,  a*  shown  orifjinaliy  by 
Oliindc  R'rnanl,  makes  a  definite  eon)|K>und  with  the  oxygen  carrier 
of  the  blood,  the  hiemogloliin,  which  l.hcn  Iiei'i'inci  incji|ialile  of  ]H'r- 
forminjr  lU  function.  This  being  the  ease,  the  vjistly  greater  dangei 
attending  the  use  of  w:iter-g;is  is  wlf-*vidcnt.     The  odor  of  the  two 

Ssai  is  prai!ticidiy  the  smic  in  kind,  but  not  in  dcfircc,  so,  in  onier  to 
vc  tht'  same  value  as  a  warning  of  danger  from  leaks,  that  of  water- 
gu  ahould  he  nmch  iiiori:  prouuuniiil,  f'lwv  so  nmi-li  Ir.-w  of  the  gas  is 
ri'fpiinil  to  bring  the  air  into  a  |»fiinonouB  condition. 

Usually  about  *).-!  jht  cent,  i>f  cjirtion  monoxide  in  the  air  is  required 
to  pnnlucc  (iital  rcsiiltx.  but  less  may  be  fatal  after  long  exposnrtr.  In 
n-eoverv  frrnn  poi.wning,  the  earlxm  monoxide  is  not  oxidise<l  in  t!ie 
body,  but  is  driven  out  of  its  combination  by  the  oxygen  of  the  in- 
Kpirc*!  air  ;  but  altlimigli  after  a  few  hours  the  blood  may  iicurly  Ik'  frctxl 
Ironi  tlie  poLson,  ilie  liinnuge  already  <lone  to  the  brain  and  other  tissues 
IV 
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through  the  temporary  ]nirtiiil  duprivution  of  oxv^'ii  mur  be  K-viTrtnd 
I«>litiK.  Iti-covery  in  iii-(H)niiKiiitMl  ciinimntily  hv  si-vere  twadunbr, 
pcmetiii^  for  n  long  timu,  often  wilh  iiniistTii  niid  vomiting. 

Tlic  incnnttcd  ilangi-r  of  ^fia-pom>uing  when  oul-gaa  e  Hi]ipliHiliil 
by  water-gHK  with  itji  liifili  wirhou  moiiuxidc  <Hiiitviit  is  vrdl  [ilii'Wii  Iff 
the  statuHticji  Ijciiriiija;  <iii  tiie  suhject  at  lioKton,  Mo^KichusettK    In  i 
188S,  when  hut  1  ]n-r  iviit.  of  tho  gKK  i>ol(]  niui  \vnK*r-g<u',  tlwrr  n>Ti> 
Qo  deaths,  sulddul  or  acrideiitul,  froai  gut^-poi^ooiDg.     In  the  foUimiugl 
ycnr,  tlivr^  wiui  hut   1.     lu  18!H>,  t]w  jMTenitjigi'  of  wiiUt>£1u>  mcuj 
8,  uikI  thprc  wi'rc  ti  ilciith^,  4  iiccidcnutl  um)  *2  Miiciihil.     In  ](t9^»l 
a   rtwult  of  iM-niuwuivi'   logislation,  .12  per  «-iit.  of  ihe  gaa  H>lii  "I'l 
wutt-r-gus,  uml  tin- <i('4Ulis  fik-k;  to   15.     In   If*!)",  tht-  jK-nx-nlup' ni*l 
to  9.'J,  aud   the  dmths  to  -17,   :i2   of  n-hich  were  accideiilal  aa!  ISJ 
Miicidul.     In  tliu  tivv  yvarj)  cndi.-d  S(ri»tenib(T  1,  1899,  169  dmtlip  bvl  | 
occurrod. 

On  urvoiint  of  the  dungvr,  n  coinniis«ion  nppoiiitcd  in  KfiglniKf  ioj 
18!t!<,  re|M>rted  advcn^-Iy  on  ull  illnminiiting  gii^  t-ontiinuiig  iii«iTrliiiil 
20  [KTwut.  of  <-iirhoi)  iiioiioxidf,  wliirli  [miporlioii  cim-!«|tiin<Uapprori-] 
nmtcly  to  u  iitixturc  of  c(|ual  votiimiw  of  coitl-giiti  nnd  wiilcr-giiK. 

Acetylene  gas.  (*,IIj,  in  an  iiuhtnhle  (HinijMinnd  of  cartMHi  and  Imlivj 
gen.  ll  h;i>  a  ["trting,  diiwgrcwililc  ihIof,  Mixo<l  wiih  «iir  in  tiii-pf-j 
jmrtiun  of  1  to  19,  it  iw  violently  explosive.  It  is  juiisonoiig,  biit  »<[ 
t"  the  fwnie  vxt«'nt  m  ordimin-  ciHil-gn*' ;  on  aiiiniiil  expooxl  I"  «[ 
atmuHpberc  rontaining  it  becomes  nneuiisciouE  after  a  tioM-'t  "'tl"*) 
tnnnifcftiitionH  of  nervous  or  rt-spinitoi^-  cxeiti'mcnl,  and,  if  tvim"™! 
at  ouee,  recovers  in  a  very  pih<)rt  lime.  l*rolongf«l  ex|f<»-niv  i.- W-l 
Hlooil  will  nlHorli  almut  0.8  jkt  eeiit.  of  its  v<>hiu>e  of  aurtjlrni'.  tit 
the  solution  giviw  no  ehuniclL-rii'tic  »]>ectiTwc^)pic  upitcnraiKf.  H  *°M 
C!Oinpon»d  ix  fomieil  with  hienioglobin,  it  tnuFt  )>e  ven*  tinetalilr.  ir*l 
high  fK-n-onlogc  of  oxygt-ii  be  prcwiit,  uuiuinltt  nmy  survive  iti*  actmn] 
many  hoiirs. 

Ac«tyienf  is  mjidc  frocn  (iili-iiin)  carbide,  a  n'ddiT'h-liroVp-n  cr  g«y| 
material  propiired  by  i^tihjccting  a  mlxturt^' of  lime  and  eokcloTttrj 
int«n.4i>  htat,  \\'hen  this  Hubslanoc  i»  wet  with  water,  a  double deoHH-l 
ptK'ilion  occwpi,  the  cilciuin  imitinf;  with  thr  oxygen  of  tlie  wtftf  "I 
iomi  (quicklime,  and  tin-  enrliou  »ilh  the  hydrugtn  to  form  nwlfl'*! 
Betwwu  four  atui  (ivo  ciihie  fwt  of  the  gfw  an  yieldud  by  a  )*«li(!" 
the  I'l'ilinary  conmieiviul  e-arbide. 

Burned  in  ordinary  guit-liin'ners,  the  Ihmio  mnnol  secure  a  hi9 
supply  of  oxygi-n  for  the  complete  eombuKtion  of  tlto  oh-Ihiu,  hWJ  I 
eoiistsjnonw  it  smokeH  and  fail.--  to  exert  its  foil  power  of  illiuiiinw'^ 
liy  using  a  tip  ivitli    mi    exoi-diiif^ly  tliin    slit,  iiml    furi-iiig  ibc  | 
tlirongli  under  heavy  pressure,  the  Hame  is  greatly  enlargitl  um!  i* ' 
great  brillianey.    It.s  ilhiminatinj;  jHiwer  ii«  about  1  ■'i  timtw  gmttiT  tl> 
tliat  of  ordinary  gns. 

Acetylene  is  liipielied  at  a  temi>eniture  of  64*  F.  by  u  [>rrfsurei 
1,200  pounds  to  the  wpian-  ineli,  hikI  may  (k- rtor«l  in  eylindrrs  <n 
Btecl.     A|>|HiraUtii  for  its  im;  should  not  1)g  made  of  copper  or  silv( 
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BiDce  these  metals  are  attacked  by  it,  and  the  resulting  compouiida  are 
very  exjJosive. 

Iq  some  apparatuses  in  use,  the  water  is  dropped  on  to  the  carbide 
br  an  automatic  arntngcnient,  st)  that  the  yield  of  gas  is  r^;ulated, 
but  the  gas  continuG»  to  lie  evolved  after  the  water-supply  is  shut  off, 
HDce  the  moistened  curbidc  cnnnot  be  prevented  fn)m  undergoing 
decomposition.  In  others,  the  carbi<le  is  introduced  into  10  times  its 
volnoie  of  water  in  a  vessel  connected  with  a  gas-lioider  of  sutScient 
opscit}'. 

Whether  acetylene  is  likely  to  have  a  great  field  in  the  future, 
cannot  in  the  present  state  of  development  be  predicted,  but  many 
chsngeij  and  improvements  are  neceisary  before  it  can  be  looked  upon 
la  having  any  great  practical  value. 

Qasoleiie  gas  is  a  mixture  of  gasolene  vapor  and  air,  the  function  of 
tie  latter  being  to  dilute  the  former  until  the  pniportion  of  carbon  in 
the  mixture  is  equivalent  to  that  in  common  gas.  Gasolene  is  a  mixt- 
ure of  light  liydrowtrb'jns,  a  pnxluct  of  the  distillation  of  crude  jKitro- 
leiun.  Its  specific  gravity  ranges  fnim  0.629  to  O.fiGT.  It  volatilizes 
slowly  at  low  temperatures  and  rapidly  at  70°  F.  and  above.  It  is 
exceedingly  inflammable. 

Gawjlene  gas  is  generated  and  forced  through  Bup])ly  pipes  to  the 
bornera  by  special  forms  of  apparatus  which  require  bnt  little  atten- 
tion. It  is  well  suited  to  single  houses  and  small  groups  of  honsea 
where  no  public  supply  exists. 

bapnrities  Oiven  off  in  Lighting. — In  the  combustion  of  illumi- 
nants  of  all  kinds,  considerable  amounts  of  decomposition  products 
■re  given  off  to  the  air,  and  their  removal  by  means  of  efficient  venti- 
htioQ  is  important.  These  products  are  least  in  amount  and  im{>or- 
tuce  in  lighting  with  candles  and  oil  lamps,  being  chiefly  carbon 
dioxide  and  watery  vnjwr.  The  impurities  given  off  in  the  combus- 
tion of  gases  include  sulphur  dioxide,  very  variable  in  amount  accord- 
ing to  the  extent  of  purification ;  carbon  monoxide,  also  variable 
■ecording  to  the  complcbeneHS  of  combustion  ;  carbon  dioxide ;  ammo- 
nium compounds,  and  aqueous  vapor. 

Gaa  Pipes. — Street  mains  are  commonly  made  of  cast-iron  pipes  of 
tuber  light  weight,  which  var}'  nmch  in  texture  and  density,  and  not 
infrequently  are  jjerforated  with  blow-holes  of  varying  diameter  or 
f^berwise  defective.  On  account  of  the  dangers  of  extensive  leakage 
ud  of  the  financial  loss  due  to  waste  of  gas  and  the  cost  of  making 
tepairs,  all  pipes  should  be  tested  thoroughly  before  Ix'inn  laid.  Pijies 
which  show  no  leaks  when  new  may  soon  be  corriKied  in  the  soil  at 
pnnts  where  bubbles  occur  in  the  walls  with  but  a  thin  layer  of  metal 
(n  either  side.  Wrought-in»u  pi|)es  are  corroded  more  quickly  in  the 
•nil,  but  arc  more  uniform  in  density  and  texture  than  cast-inm  and 
Kquire  fewer  joints  in  a  given  distanct;.  Both  kinds  should  l>e  pro- 
leded  by  a  generous  coating  of  asphaltiim  or  other  suitiible  material. 

House  piixis  are  most  commonly  of  wrought  in)n,  though  8<mietimes 
lofter  materials  are  employed.     The  latter  are  more  exi)ensive,  and 
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|»oi^sea8  the  ad<liti<>niil  di^^dvanbige  of  being  easilr  imiiriutxil  l^y 
titiiU  niiit  ^iiawiil  \>y  mti«  ami  miw.  Tho  t-iitiif  ^VnU-'in  wf  (li«iribiii- 
iti);  pi]K'K  t'liiink)  bi-  juinctl  iim«t  curcrully,  in  oi>k-r  that  no  Irak-  •Imli 
in:t!iir.  Wlwii  iJii-y  <iii  mviir,  ihc  wjiri'li  for  lln-ir  liHmii>ii  sbi'uldU' 
i'()i)(liKrk-<)  with  iill  |t'•^^il)^■  jircuiultmis  l^^liIl»t  rii>k  of  rx[)ii^iuiie, 
hiiux  niixtiinvi  oi'  gun  and  iiir  in  the  pni|H>ni4in  of  »l>out  8  per  cent.  «S 
tiiv  foriuvr  iiiv  viok-iitly  •.■jci>loi^ivv  if  hntiifi^ht  iii  coutacrt  vrilli  n  hmt. 
The  gas  ^ihoiild  l>e  ttliiit  otf  nt  (hi-  nielt-r,  aud  tho  iiiNtrtiiifiiU  uIhtt 
till-  Miii'll  i.'  |Nn.t-iv(vl  nhoiild  bt-  airt'il  thuruughlv.  Ttii'  cxiiminuiMi 
t;huiild  then  he  begun  at  the  meter  iiml  itM  oMiiHvtioii!^,  sivd  if  tltinif 
Utv  tlu-ri'  fdiiiid,  the  iiictei',  if  nt  Kiutl,  should  be  removed,  or  the  hmi- 
noctioiis  put  in  j)n>[>er  eixiditiou  willi  ih-w  wnwhcr?.  The  fitlufw 
hhiiuhl  next  ri'(H'I\V  iilliiitiiin,  i-vtry  joint  and  eot-k  Iteiri);  lertiil,  tW 
gws  licitig  turned  on  again  nt  the  meter.  Smearing  the  joiiitB  witti 
WMiic  vUeiil  material,  siieh  a»  ]>tn>iig  Mui|)C))d8,  will  g\wv-  i-iiali  Irab 
by  formation  of  hiibblew.  The  esaintimtion  of  llie  Joiiitj-  of  the  «li»- 
trihtiiing  ni|«-s  i;»  a  matter  of  eow>idcmbli-  dirtienlty,  and  may  n^uirt 
much  disturhnnce  of  htruetuml  iiaits. 

Fixtures  should  U'  ho  liH'iitiii  il-<  to  avoid  IiotHiir  rrurrvnti^  fVviu  i*fi- 
Wter»  in  the  floor  and  walU,  on  sieeonut  of  tho  great  aniioyanee  itani 
by  dickering  of  the  flaiiie.  Fliekering  is  enu>4il  sliw  by  tlM'  (ifw«ii« 
of  eondeni^ed  imiisHiri-  in  «ig»  in  the  [»[K!'  and  iM-mtui  in  the  fiilUTf'. 
whieli  eaiLHos  the  gnw  to  issue  in  a  series  of  bubbles  with  ennstrjii'iil  wn- 
>t«idiiK>.Ti  of  the  Uiime.  The  ivJnnly  aHisiTtt--"  in  inu-qntsing  dri|i  mi* 
and  draining  olT  the  unter. 

Tin:  pri)|N'r  urningenienl  of  fixtures  is  frequently  n  diflirtilt  ]Miibli™. 
jiiirtieidarly  in  large  moms.  In  g«nunilf  it  may  be  said  tlul  timf 
xlionid  be  well  dinirihnted  rnther  than  eliL^tered  in  eentnil  eliaiKlflirt'*- 
I'airly  uniform  difl'nr'toii  may  Ix-  fwnrt-d  by  the  uw  of  gkilH-w  el'  |'f^ 
matic!  gla-s,  whieh  siet  in  the  same  way  bs  the  ribbed  and  prisnalK 
window  glnw»  de'iTilieti  above. 

Electric  IJghting. — Inoindescent  det-trie  lighting  poeseiw*  «f- 
laiu  notable  advaiiUige.-*  over  all  other  syHtcniH  of  nriifu-iiil  illuiiiitis- 
tion.  It  roijuires  no  oxygen  ami  pritdnees  no  dei-oni{H»ilii>ii  <^1^' 
pounds,  nnd  hine*^  in  no  way  alters  th<'  eom|>osilton  of  the  nir.  I' 
im{iiirt?<  hut  Hltlc  heat  to  the  surrounding  nir,  nnd  henee  WbiH* 
limited  inHuenee  in  eansing  eouvectjon  cnrrenljj  and  rabiiig  rcw 
Iwuiviiiture. 

Section  4.    PLDHBINa. 

"Whether  we  view  the  subjeet  from  the  ntandjHtinI  of  possible  Atiil^ 
of  iiifeetion  tlnvjugh  iniialnlion  of  si-wer  air  or  from  thnt  itf  lesdirtKN 
we  should  recogni/L-  the  gi-Liit  iiu)K>rtanee  of  the  removal  of  nit  f*^' 
w»i*t)'!«  from  the  hiiliilation  llirough  a  system  of  piumhing  that  i*  ^ 
perfect  that  it  nball  l«ik  neitlier  li<|nid  nor  »olid  ntutteiv,  nor  fiwl  K* 
and  smells.  For  the  attaiiunent  of  the  Ixst  pcwilts,  all  largi-  (xiramn- 
nitioN  iidopt  plumhiug  ordinnneeH  d^Tiigncd  to  prevent  faulty  ^•o^^lnl^ 
tioQ  aud  the  aduiiHsiou  of  the  <lreadpd  "  eewer  gas,"  whi<?h,  (o  ihr  1»J 
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mind,  and  very  generally  to  the  professional  mind  as  well,  is  a  most 
potent  cause  of  disease.  Wliilc  ttio  weight  of  evidence  is  against  the 
aooeptance  of  the  doctrine  of  the  traii.smission  of  disoise  through  this 
agency,  it  must  be  conceded  that  fowl  odors,  besides  being  disagree- 
able, exert  on  the  sensitive  individual  a  decidedly  injurious  action 
through  the  imagination,  and,  more  imrticularly,  tlirough  their  etf'ects 
on  the  appetite  and  digestion.  Most  of  the  foul  smells  coming  from 
plnmbing  fixtures  are  not  from  the  sewer  at  all,  and  hence  may  not 
properly  be  called  sewer  gas  or  sewer  air ;  they  are  due  to  decomposing 
irganic  matters  within  the  pipes  or  traps,  or  in  some  otiior  part  of  the 
Siture,  which,  with  ordinary  use,  does  not  become  thoroughly  cleansed, 
rbus,  it  is  often  found  that  the  odor  from  a  wash-basin  is  due  to 
iecomposing  soapy  matters  and  other  deposits  in  the  horn  leading 
'tom  the  overflow  holes,  but  it  is  difficult  to  convince  the  timid  that 
fflch  is  the  fact,  except  by  ocular  and  other  demonstration. 

The  most  perfect  system  of  plumbing  needs  careful  supervision,  for 
»  pipe  or  other  part  subjected  to  frequent  contact  with  filthy  matters 
an  be  kept  permanently  clean  unassisted ;  and  any  such  surface  not 
mt  off  from  contact  with  the  free  air  of  the  room  must  inevitably, 
■uxler  certain  conditions,  give  rise  to  a  certain  amount  of  nuisance. 
The  reduction  of  these  possibilities  for  nuisance  to  the  lowest  limits  is 
we  of  the  main  objects  of  the  many  ingenious  ])lumbing  appliances  of 
we  kind  and  another  that  are  almost  daily  increasing  in  number  and 
Tiriety. 

Broadly  speaking,  plumbing  may  be  divided  into  two  classes  :  good 
{■lambing  and  bad  plumbing.  The  former  costs  more  in  the  begin- 
ning ;  the  latter,  in  tlic  end ;  the  former  is  installed  by  the  capable  and 
West  plumber ;  the  latter,  by  the  trickster  who  lias  given  his  calling 
nch  a  bad  name  that  he  finds  it  more  to  his  liking  to  hide  behind  the 
more  pretentious  title  of  "sanitary  plumbing  engineer,"  just  as  .some 
Urbers  become  "  tonsorial  artists." 

The  better  class  of  plumbers,  in  undertaking  the  installation  of  a 
•ystem  of  plumbing,  attempt  to  attain  such  a  degree  of  perfection  that 
ftpairs  are  only  ot«ifiionally  necessarj' ;  the  other  class,  either  inten- 
tionally or  because  of  inability  to  do  good  work,  ()roducc  a  system 
ftquiring  constant  repairs  and  consequent  ex]H!nditure.  This  class 
*>f  workmen  also  are  quick  to  take  every  advantage  of  loosely  drawn 
wambiguous  specifications,  whereby  the  owner  suffers  eventually  more 
than  the  original  financial  injustice.  But  the  responsibility  for  j>oor 
pluDibing  is  not  by  any  means  always  to  be  placed  upon  the  phmilwr, 
f»  an  owner  unwilling  to  [Miy  the  price  of  good  work  can  hardly 
hlanie  the  plumber  for  unwillingness  to  provide  labor  and  first-class 
itaterial  at  less  than  cost,  and  so  gets  cheap  material  and  cheap  work- 
■Unsbip  in  return  for  his  inadequate  appropriation. 

A  good  system  of  plumbing  calls  for  sound  materials,  aKsolutoly 
fight  joints,  thorough  ventilation,  and  a  plentiful  water  supply  to  in- 
MFe  thorough  flushing  without  wastefulness.  It  should  be  so  planned 
Itit  the  various  fixtures  on  each  floor  shall  be  in  relatively  the  same 
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Itmitioti^,  tliti!>  iivoidiiig  ui]iii'oiiw«in'  uikI  (■]C|K>ii!«tve  nxtonsiooti  o(  vaae 
and  Mi])[ily  [>i]H>T'.  Ttiv  wiiHtes  ^liuiild  Ik-  meily  acna^iblu,  wtd  an-U'«l 
mil  in  (till  view,  rin  that  any  loiikngc  may  I»e  dett-Pti-d  st  oikt.  fl'bei) 
blil()(-ti  Trom  view,  Iwitc  ni«y  cxicl  iimii-lwUt!  iiiilii  nmrli  (litui)p,' bi- 
refill  tin).  Opon  jilitmhiii);,  turlhennori*,  iiisitrcfi  ^mhI  u'i>rkni!iiih)il|i. 
UIkI  iinikti^  nimirs  >itn|ilri'  umi  miirh  U-rw  rx\H-nM\r.  TIk'  piin-s  mwl 
not  he  a  disfifriireinoiit  to  »  room,  for  ihty  may  be  i»eatly  [xiiiil^d  nr 
brimni),  iitul  mUI  ilitn  liavi-  do  vror^'  iipiiraniiioi;  tluin  thttr*-  iirnl  ui 
Mf'Jni  halting.  If  thuy  iniii^t  Ix-  plutxil  iit  mT^ive  or  uithin  K'nll^ 
tlii-y  ni»y  )>e  roiK-ttiled  by  l>uunlt)  or  [HUidK  &«tciivtl  by  ticrcwv,  ami 
wi^ily  ifinovablo. 

TTic  im|)ortant  fistureg,  such  a^  hiithtulii  aod  walPiM-losela,  plmuM 
he  ]>!a«.Kl  whi-i'i'  vi'iitilntidii  «iii  Im-  MTiinii  iiiid  wImtc  4lc)irtKi(-nrt'  iipw 
aililit'ial  li),'ht  i!>  not  tdtoj^ftlu'r  iico'-iHtry.  Tlie  ideal  pluiv  t»  lu  au 
outt-r  moiti  witli  n  window  tliniiij;]i  whirl)  tlx*  miiiiV  ray.i  and  fn^h  mii- 
door  iiir  niity  ontcr. 

The  Soil-pipe  and  Main  Drain. — llie  Miil-pi|K*  mM>ivc»  at  xamus 
poiT)ti<,  ihnnifili  tin-  MVtTal  waste-pi j we,  the  a)ntditi'  of  wiii^li-Wk 
sinkfl,  buthlults,  u^nnl^,  wiiler-i'liwirLH,  wild  otluT  lixliin*,  aitd  ia)niiiii'l* 
tiMtti  til  the  dniin,  by  winch  thcj-  lire  earrieil  on  Iti  llie  tvwrrnto'*- 
[KM.l,  iM  the  case  may  Ih-.  In  this  country,  tlie  material  abtuxrt  uiiii«^ 
anlly  iiwd  for  )Hiil-])i|K'  in  mint  iron  ;  but  in  ]''ji|rlnii(l  lend  in  prWrrmi- 
Tlie  lulvniitiigoi  of  iron  over  lend  are  many ;  it  te  lifjbler,  *lifl<'f- 
«troMj?^-r,  ehtniiHT,  an<l  nioic  dimibh-,  iiiid  is  not  Hiibjeet  lo  wviiluiinl 
perforation  by  driven  naili'  and  j;iiiittlnjt  r.it.-^,  I.«id  pi|»'  of  iafl?' 
diiiinett-r  !«jp  by  reiiMtn  of  iln  weijjlit,  ami  it  i.-  difH<?iilt  to  Rviirf  it 
strongly  wherever  il"  wuijrbt  in  Iwriie  by  the  fa»teninf^.  Il  isvrtT 
ea-tily  eorroded,  dented,  flattened,  and  jK-rfomted. 

Cadl-iron  i'f>il-pijH'  is  ninde  in  two  ynides  ;  lij;ht,  or  "sliindnnl,''*'" 
"extm  lieavy."  Only  llie  latter  slionki  In-  employed,  lite  fnnncr  l"'iii(! 
nmcb  too  thill  and  llini>y.  The  wnll.-<  of  the  extm  liwivy  gra4i<-  (JhhiW 
not  be  ]v»i  than  an  oiKhtb  of  nu  bieb  in  lliiekiics)'.  The  pipe  t-  mv 
in  b-nirth>  of  live  fii-t,  c-xelilfive  of  the  w>cket,  or  bnb,  whieli  (•  «» 
enliirjjciiicnl  of  one  end  for  ibc  ixx-eirtioii  of  thi-  "pi^^H  end  of  llicoelt 
lenj;th,  so  that  no  iri^^ihirities  shall  !«■  e:!!!"*!!  in  iIk'  tiiltlwr  "f ''* 
pipe  where  joint*  (Mvnr,  but,  on  the  (Tiitrarv,  tlmt  tlM-itimTHiirlin-fiJl 
be  Hush  tbroufthont.  Eaeb  lenjrth  c Iionki  bo  of  tiiiifonii  widl  tbirim** 
tlmni^honl  nn<l  frii-  from  tliiw*.  sand  bolco,  and  i>llM-r  imperfo'li""*. 
iind  "ihonld  Im-  tiubjecU-d  to  stry^ngtb  testis  at.  the  pliHT  of  niiiiiufji'*"*^ 
Tile  inner  Mirtiici-  »:hoiiM  bi'  pertii-tiy  t<uiontb. 

In  joining  the  leii^bf  to)p.lber,  the  miM^it  eiid  of  (me  id  inwrte'"' 
straight  as  jiossible  into  tlie  bub  of  the  next,  and  a  pii«kpt  of  tmhm  " 
tni*rt4-d  into  the  intervi'nin^  ■"[iiiiv  by  ineani' of  ii  rtiidkiiin ''•ili""" 
nimnied  hiinl  »>  ai*  to  till  about  half  the  depth  of  tlw  hub.  Tin-  <^')^ 
of  the  jT.iJ'ket  i»  lo  prevent  (he  eiitnince  to  the  boiv  of  the  pi|»e  «f  ai^f 
of  the  molten  Iwnl  ukiI  in  the  next  proees.-.  The  next  flep  i-  'I"' 
filling  of  the  rest  of  the  spnee  with  niolti-n  li-ad  fnim  a  liidle,  t^tim 
this  metal  ahrinki^  on  cooling,  ami  nince  nioiMtirt-  ami  dirl   prrveiit  it* 
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adliVTPnoe  tu  tbc  injti,  it  is  nvns!»fsry  iii-xt  to  (.>x|»tn(I  it  and  drivo  it 
down  by  mechanical  meaiui.  This  procf^^a  nxjiiiivft  care  aiid  involves 
mtioti  risk  nf  frurrui-e,  jiincc  tin-  l)li)W!»  i%\'  Ww  cuidking  t<>oU  iiiiiKt  Iw 
quite  heavy  ;  in  fact,  miicli  heavier  than  the  lighter  grade  of  pijx?  can 
wilh.'iljnKl.  Apiiiisl  tliU  form  of  |>i]H'  and  its  jointing,  wrtiiin  iily(v- 
tioDB  are  ur^-fl.  not  lliu  least  of  whioh  is  the  opportunity  given  for 
b«*<'l>-iivork  and  fraud,  Iinitanoes  of  filling  tho  wpaoc  with  mortar, 
«an4),  ])utty,  hikI  otht-r  inatprial  Imve  Ijccii  not  urio'trnniou.  Some 
UD><crU|iulon.'4  plnmbei-w  gloss  over  the  fraud  with  a  tliin  hiyer  of  lead  ; 
some  iii.ikc  tile  joint  iiiiiiii-rly  and  ni'glii-t  to  luiilk  it  :  ^otiK.'  ntiiki-  iik 
perfect  a  joint  as  possilile  in  plaw-f  where  ocular  inspection  is  easy  and 
prohahle,  and  ctmil  t-o  ciiulk,  or  even  to  insert  the  oakum,  where  llie 
joints  are  hidden,  hut  without  forgetting  to  make  the  lUiual  charg*^. 

.\notJnT  ohjeetioii  to  till:)  form  of  joint  in  the  (Ki.'wihiliiy  of  its  be- 
coming loose  through  alt^-niatc  cxpctusion  nnil  <'"ntnietioii  (hic  to  ehangtw 
in  temperature.  The  e.\|Ninsinn  is  imetpial,  ei^jiecially  when  due  to  hot 
VFxtcr  in  the  pipe,  and  the  «pigi>t  i'X{)itniU  iiinre  tliun  its  surrounding 
socket  and  eompi'esses  the  ii)ter[>o.-^'d  lead,  which,  when  e<|uilibriiim 
becomes  ri'estiilili-'iliiil,  doo  not  re>iime  il.-i  origiuiil  ^ihiLiH-,  Iml  ii-rnuins 
in  it*  new  form.  In  this  way,  it  is  possible,  but  not  very  prolRible.  that 
a  miante  Kpiee  may  Ix^  erentul  all  about  the  !<pigi>t,  and  that  through 
thi»  spitce,  luikiige  of  liquid,  but  more  e»[K.-viuIly  of  uir,  may  ixvnr.  In 
an  upright  pi|»e,  leakage  of  liquid  is  most  unlikely  to  occur,  since  the 
hull  end  of  I'itfh  joiut  is  up|NTmost. 

Siill  another  objection  is  the  great  difticully  en<«unter«l  in  iinjoint- 
ing,  when,  fi»r  any  rt^won,  it  i*  neer-'iMary  to  nnicive  a  lengtli  of  pi|K'  in 
making  repairs  and  alterations.  The  usual  and  easiest  course  to  pursue 
in  siicli  a  <!ase  in  to  bniik  the  pi)i<-  and  ii-movc  it  in  pi(.iv-'<. 

To  meet  the  several  objections  to  this  form  of  pipe,  the  Sanitos 
flanged  pipe  was  devised  liy  Mr.  J.  I'lekeriiig  I'ntnam,  of  ItoNton. 
Thix  niiikes  n  joint  which  \!i  descrilifd  a*  an  adjustable  Daugeil  joint 
w-ilh  kad  washers  or  gaskets  for  piicking.  The  gaskets,  wliich  arc 
slar-HhaiH'd  in  croM.<-*ccti(in,  are  .sqiiei-zed  between  llie  flanges  ol'  the  two 
ndjoinitig  pipes  and  crushed  tit  half  their  original  thickness  by  screw- 
ing up  the  biiltH  set  in  sipiiire  nvs'wes  in  lh«  llange  nir?.  These  are 
MTCwcd  fiuiultjincously,  *o  tliat  the  pressure  on  either  side  is  equalized 
and  the  gasket  in  eompressml  nnifonnly.  Thv  ga-^ket  f>ir  a  four-inch 
pi|K'  weigh:^  a  half  jioiind.  For  this  joint,  are  claimed  cheapness  and 
security.  The  time  required  to  make  it  is  re<'koniHl  in  .-ei.'onds  ati 
against  ininitti-K,  tlie  itmount  of  Imd  coii'iumed  i^  much  less,  and  the 
unjointing  is  simple  and  involves  uo  breakage. 

The  diameter  of  n  soil  pijie  iihould  ortlitmrily  not  cxtx-cd  four  inchc8, 
but  in  very  hirgi'  building",  in  which  are  utimerous  water-closets  and 
other  fixtures,  five-inch  pipe  U  sometimes  uskI. 

Soil  pipirs  sliKiild  run  hk  lu-arly  virliciilly  and  with  as  few  deviations 
(rum  a  straight  line  as  ]>racticablc.  When  these  are  necessary,  right- 
angled  l>enils,  Hueh  as  are  shown  in  Fig.  47,  iihould  l>c  avoich-)!,  and 
inntcad  thereof,  obtuse^nglnl  elbows,  as  in  Fig.  48,  should  be  cm- 
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Thesp  junrtions  jiri>  miid«  (JitTfronlly  wlun  a  lead  pipe  is  Ut  Iw  f^"" 
iKvtwl  with  uii  iron  one.  Tlic  Icnil  )>iiR'  tf  fii>l  "wii*"!"  on  W  * 
bmss  ferrule  l>y  tueanH  of  .iol'i<T,  an<i  ilu-ii  tbe  femiU-  is  <aulW  """ 

the  liiili.  Willi  Um-  fl«npil  Snnila.-'  |iii«e.'l* 
pnnneotion  is  obtitintil  mom  eafWy  »"" 
<'tiijilily  ;  Iii>n'  the  Icail  |>ip<*  is  flaunt  ""' 
iiikI  bolted  tu  tlif  in>ii  l»_v  muin^  t»f  (aBt-irc" 
rinfrs  with  t-ars  aixl  Imlt-holi's  cnrreapouJiBff 

to  ttll>»  Htl   tlK'  |li)N.\ 

ICui'li  !^>il-pipe  should  Im'  esU'Dilf^l  in  wl 
sixc  llinxi^h  tin-  roof  for  iiIkmiI  two  fift.nna 
itK  outlet  fihould  mA  l»e  obslnirte-lhy  H'^i* 
or  oowl,  Hi)  U  commonly  dono.  'I'l"'  "^P 
scr^"e«  no  useful  iniriKiiw,  and  tlie  \B^a!^ 
fur  «ir  is  »a  narrow  tlrat.  in  winter,  wlwit'^ 
warm,  moiift  nir  ii»ii'n<lri,  u  ciMilin^  of  fr>*l  <* 
foTOK-d  nil  over  ibf  inner  eurfaee  of  tlieW 
p(x«4tl  i>i]K',  nml  tlii^  uiiiv  gniw  in  thii'k"^ 
i-o  US  to  oe<-Iude  the  outJet  cnin|>lctcly,  V 
shown  at  A  in  Tig.  .W.  In  all  aif«».  <"* 
^ihoiild  make  prnvl-iton  for  lite  ejcjmiiMiio  an' 
contnictiiin  ot^  the  eolnnin  of  ineta),  1'it  *™* 
lliit  utovniM'nt  cither  wnv  in  )t]i};ht,  itit  rnrcrl 
vei^-  gimt ;  therefore,  the  fiu-lcniiy|r'  fl«"'l' 
not  bo  loo  rtjrid,  but  ^li^nild  nUow  »  little  ;>taj 
Tbe  eoil-pi|ie  should  be  very  6n)iiy  i)up|Hiru-4l  ut  the  bottofn,  «n 
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itti  junotion  wiUi  ihe  Diain  di-ain  fihonid  he  made  n-ith  a  bend  of  as 
lan^-  a  miliiis  ;u«  [Hnvibk-.  'I'liv  lH>»t  .■•ii[i]H)rr:  i^  i-ilUiT  ii  hrlck  pkir 
iir  a  wooden  jrwI,  or  other  firm  anti  unyii-Idinj!;  i-triicture,  The  cou- 
mi-tioii  slioiild  umtiT  im  <-in-utii»UiU('<'!>  Ih'  at  n  rl^ht  aii;;li',  but  with 
an  elbow  beud  !iii|)iM>i-tet)  on  n  lout,  il"  in  Fig.  ol.  If  the  ()i|ie  niijNt- 
bi>  tniTU^  niong  a  ecllur  wall,  it  should  he  suppurted  ultlier  by  a  shelf 
or  by  v,T()ii(jhi-inni  pitK^-lmokji. 

From  the  [winl  whore  the  sfiil-pipe  deiwuts  from  the  jjerpcndieiilar 
uiid  (ends  lowiin)  the  :'ewt-r  ur  <!c■s^]K><>l,  it  i^  eoniiiioiily  kiKuvii  ilh  tin- 
drain,  whether  other  soil-pipes  enter  it  or  not.  The  drain  should  e<>u- 
»ivi  of  iron  ux  far  «.»  ii  imtnt  well  away  from  the  foundation  of  the 
bouse  and  from  all  danger  of  frarttin-  due  to  M'ttlinjj;.  Under  no  cir- 
euiiiAtiiiiit-x  should  iiii  ejirtlii-iiwart'  drain-pi|»e  be  eDipIovt-d  within  the 
bouse  or  Ix'nealh  the  foundation,  or  through  »  woil  in  wliidi  a  well  nf 
drinkin^water  is  situiited.  The  main  drain  may  \n'  earried  along  the 
wnll  of  the  eellar  in  the  manner  almvo  dc^t-riUiJ,  or  it  may  In-  .■ini«|K'ndwl 
by  wrought-iron  hangt^rs  from  the  joists  of  tlie  floor  of  the  first  etory  ; 
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or,  if  thirro  are  water-elosets  or  ottitT  listuruK  in  tlie  eellar,  it  may  nin 
below  the  floor.      In  tin-  latter  caw,  it  should  Iw  i^sily  iK'ws-sihle. 

The  dniin  slnniM  Imve  idl  the  fall  that  «in  conveniently  be  given, 
and  this  -ihould  lie  as  ne^-irly  uniform  as  jKissibte  lliromrlinut  its  length. 
Xo  part  of  it  xhould  run  Hat  or  ^^g,  Thr  gnatir  (Ik-  piteh,  the  more 
Con)|ileli-ly  the  pipe  h  scoured  out  liyeiicb  passage  of  wat^-r.  It  should 
have  a  fall  of  at  Kaisl  u  quarter  of  an  inch  to  the  fool,  or,  preferably, 
nioro. 

Before  the  drain  paswx  bencjith  the  foundation  wall,  or,  if  this  in 
impossible,  at  a  iwint  outside  in  a  manhole,  an  intercepting  trap  is 
phu-til,  pnivideil  willi  Hiiin-out  hole*  eovered  with  air-tight  rovors. 
This  trap,  known  sometimes  as  the  running  tr:ip  and  main  trap,  is  of 
ihi*  Kimc  diameter  throughout  us  the  drain  itself.  This  kind  of  trap 
K  mnnufaeturiil  in  an  immense  variety  of  forms,  out-  of  llio  IkvI  of 
whieh  i.*  shown  in  Fig.  52.  This  h.-w  an  inlet  and  an  outlet  for  sew- 
age, an  inlet  for  frtssh  air,  and  u  clean-out  and  inspe<ition  hole  on  the 


■■rvhrabbi  kmngviiivrit  at  tntmviiiinii  (nip  and  millluiiic  pl|«. 

is  for  tlic  tVcsh^ir  tnlct.     Tlic  lattrr  w  for  tlie  parpose  of  tnmir 
complete  circtilatiou  of  fretih  air  iJiroughoiit  tliR  i^nttiv  li-iigtli  of  tin 
<lniin  utid  »(>il-[Mpe,  niid  ci>nitiiiiiiii.«lc«  with  the  external  uir  by  tDcani 
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of  a  pipe  of  the  full  diameter  uf  the  dnun,  niniiiDg  fruin  the  Lnuw  fMv 
of  tlu>  trap  tn  »nmc  point  outride. 

In  Fig.  53  i»  shown  uii  nrninponn'nt  very  conimonlv  ndoptwl,  hat 
0|x!a  to  iMrious  objections.  Here,  the  tilth  tnfiy  be  thrown  tiji  against 
the  cntrnmv  i>t"  (hi-  Ircth-air  pi|ii'  /-'at  A  and  fonii  an  aw;nnmlation. 
The  iioor  of  the  drain  and  of  tlif  outk-t  .>'  arc  at  thi-  wane  h.-vfl,  ii»  its 
«h»vrn  by  the  two  sitUw  of  tin?  water  seal  L,  and  Utere  will  be,  there- 
ibre,  not  head  enough  to  forcv  all  light  »olid»  cuxily  bcnuith  tlie  dip 
of  till-  traji. 

A  much  better  arrangiini-nt  is  llitit  shown  in  Fig.  .*i4.  In  this,  the 
inlet  of  the  fresh-air  pipe  F  is  situated  at  a  point  some  ilistaticc  away 
from  and  on  the  honm;  slile  of  thn  trap,  where  Hploehing  and  accumu- 
lation of  filth  cannot  occur.  At  A,  the  entering  si-witgc  falls  through 
ti  dislanco  of  al»onl  two  ineht*  at  L,  and  can  force  any  solid  matter 
ander  the  dip  and  onwanl  (hroiigh  S.  Il  will  Ih-  noted  liy  tin-  iliri'f*- 
tion  uf  the  arri:)ws  in  both  figures  that  the  normal  direction  of  the  air 
current  i»  inwunl,  but  under  some  ennditions  of  internal  and  eAternal 
temperatures,  as,  for  example,  in  summer,  the  direi'tion  is  likely  to  Im.- 
revcrsiil.  In  winter,  nwing  lo  the  biglu^r  teni)*er.iture  of  the  house,  the 
movement  in  thf  soil-piw  is  natnnilly  upwaid  and  outward,  and  in  tbc 
pi[ii-  A' is  di'wnwani  anil  inwanl. 

Waste-pipes. — The  pipes  conT)(!Cting  fixtiinw  with  (be  wiil-pipc  are 
known  jls  wasti'-pipes.  They  are  maile  commonly  of  lead,  although 
cut-iron,  wrought  iron,  and  galvunixi^l  iron  arc  cmijloyiil  aW.     Tlie 
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(U^  tn  Ui  imiimprriT  I4ld  ptpc. 

»dvnntag)>  of  using  lead  is  that  it  is  inure  easily  run,  eti»pcially  in  plac^es 
where  bends  ami  angles  arc  necessary,  and  nitjuirps,  theretorc,  n  smaller 
nuraltcr  of  joints.  The  disiid vantages  are  the  liability  to  pertoration 
by  nails  wirek^sly  driven  and  by  gnawing  nit#,  ami  the  ]>ossibility  of 
the  formation  of  air-lm-ks  through  sagging  of  a  pipe  improperly  laid. 
Tliese  (Kvnr  sunictinies  when  n  pij'C  is  not  jirojH-rlv  sn|i|H>rt<Hl  or  where 
high  points  and  low  points  i"K?eur  in  a  crooked  run.  This  i»  shown  in 
exaggt-raliil  form  in  Fig.  ft-t,  Hi-re  we  see  a  series  of  low  points,  in 
which  water  will  stanA  and  where  sediment  may  aei'iitniilut<\  and  a  (wr- 
respmding  nnmber  of  high  |Miint-s  containing  air.  These  impede  the 
flow  of  wnttT  onwarrl.  and  if  the  prcwnrc  is  low,  u  serica  of  them  in  a 
single  run  may  stop  it  altop'ther. 

Iron  ]ii|K's  prins(.ss  wbatevi-r  advanlagi-  attjiohes  to  rigidity,  and 
while  they  are  not  so  easily  adapted  to  crooked  runs  and  require  mom 
joint.*,  il  must  be  said  that  the  hitler  are  made  quickly  and  easily 
when  screw  couptingsi  are  employed.     Some  joinlit  are  made  by  serew- 
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m^iWnctXy  into  liubft  and  Mtrnv  by  niwiH  of  ordinary  coupling*,  the 
n»ult  iu  cither  ca«e,  us  ithowo  in  Fig.  -ifi,  being  perTectiy  jluf^t 
littings. 

Onliiiarily  waidc>]iipi«  uwti  uot  Ik?  liirgtr  than  1 .5  iiiclici^  iu  dtanieter, 
nor  lieavier  than  thn*  pounds  to  the  foot.  In  those  cascD  where  lite 
»ii|iply  pi[K'S  dciiv<T  a  Iiwivj-  ^tn-nm  of  wuti-r  under  higli  pr»*gurc,  it 
niav  be  ncceftsary  to  use  a  larger  size,  in  order  to  iuHurc  th«  removal 
of  111!  the  water  without  iliitiger  of  overflow.     Too  large  piju-s  hihI  tiH> 
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FJuih  flutncn  Willi  ■cnvcoupllniiB. 

small  pipes  are  eignally  hnd.  If  too  nmnU,  the  overflow  is  retanled 
uml  tbev  are  choke<]  easily ;  if  loo  larpe  for  tin-  fixiun-  from  whieh 
they  lead,  they  lannot  possibly  l>e  flunhed  lhoroii^;hly.  but  are  mbui 
««itc<l  w*ith  proase  and  other  filth,  and  fvenluully  Ixtiirae  <'ornpletely 
oi^eiludi^i.  Thiw,  a  2-iiii'h  wiL-«te-pi])e,  attaehtKl  to  a  fixture  by  a  1.25- 
ineh  joint,  would  be  quite  t>io  large  and  init  of  pWx-. 

I>ead  "'!LH(<-iii]H's  may  be  joined  to  iron  soil-pipep  in  ihc  nianiH-r 
ain-ady  d^^-ribetl,  and  to  wnjogiit  inin  by  brass  fterew  nipples  wiped 
on  to  the  lead  with  solder  and  ivrevrcd  with  rod  lead  into  th<-  thread 
of  tlie  lilting.  I^ead  should  always  b<'  joini-d  In  lead  by  wi|ietl  solder 
}i)in(«,  and  De\-er  by  cup  or  "copper  bit  "joint;*,  eXM-pltng  when  tl)e 
o|M-Rilioii  iif  wiping  is  i-learly  impossible. 

Traps. — Eiieb  M>)iaratc  fixttin?  connected  with  the  «>il-pij>e,  that  is 
to  my,  each  watei'-doset,  wa!Jt-lx>wl,  bathtub,  etc.,  should  be  |irovit)»l 
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with  some  form  of  (rap  sitnaled  a»  near  it  as  poiit-iblo.  A  good  trap 
will  wholly  pn^vent  Ihr  [ULs^igi-  of  all  air  or  gas  or  odor  from  tlw 
waxl«-pipe  or  soil  pipe  baekward  into  the  air  of  the  hoiisi^  whik  per- 
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mitting  the  free  passage  of  liquids  and  suRpcnded  solids  toward  the 
sewer.  It  should  be  of  such  constructiou  as  will  admit  of  ready 
bspcctioD  and  cleaning,  and  under  ordinary  circumstances  should  be 
selfUleansing.  Improperly  trapped  or  untrapped  fixtures  are  as  much 
to  be  avoided  as  leaks,  the  result  in  either  case  being  the  same  so  far 
aa  the  passage  of  offensive  odors  \s  concerned. 

Flo.  58. 


ForclDB  of  wbI  ot  rannliiK  tnp. 


The  simplest  form  of  trap,  called  running  trap,  consists  of  a  down- 
ward bend  in  a  horizontal  pipe,  as  shown  in  Fig.  57.  When  water  is 
<li)(chai^ed  through  such  a  pipe,  the  depresse<l  portion  will  be  found  tti 
sland  full  of  water  when  the  dischai^  ceases,  and  this  body  of  water 
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Fonna  nt  rouDil'pipc  tnpa. 


I'l  prevent  the  passage  of  air  in  cither  rlireotion ;  but  if  sufficient 
("Wiire  is  exerted  on  either  side  to  force  the  level  of  the  water  on  that 
tide  down  to  the  lowest  point  of  the  hend,  air  may  be  forced  through, 
«B  is  shown  in  Fig.  58.     The  water  between  the  water  level  and  the 
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lowvfl  point  of  tho  itpper  internal  i^irriuM;  gf  tin-  bend  if*  known  wtlr 
sell,  and  tlib  slioiild  never  1>e  ]&■#  thiin  l.'i  htrho  it)  depth.  Id  Fi^. 
r>T,  ihe  M^  i!>  lliiit  wlik'li  Iic-1  lK-tw<vii  iIk-  dotuxl  liiu^  ThU  fonii"r 
tniji  w  one  of  »  cliis)'  csIImI  rouml-pi^c  tni[M(,  and  to  thiK  dam  Ulnuj; 
II  numlxT  "f  forms,  live  of  wliii^h  iin'  slmwn  in  Fiff.  .■>!•.  Tlift*^'* 
tlif  .<-frft}>  {A),  tlic  Il<itj-S  {it),  till-  Thnr-^/uarUr  l^  (C),  tlie  llmuks 
(/))  alreadv  di'Bcril)ed,  sind  tlie  Ifouble-S  nr  lluHfhbuvJ!  (K).  TW 
Mrvcml  riirni.-.  nrc  in  nil  (ittnj"  of  tlio  ssinn'  siw  tlinti^liotit  iiml,  llrn^ 
forp,  will  \m'is  niivUiiii^  tliitt  <mn  ^iii  ciitruncc.  With  jimpcr  Avrii- 
ill):,  ll'<-_v  ari'  i«.-il_v  kepi  i-li-iin,  Imt  tlicy  iiic  ijuifk  to  low  ilicir  mmHii 
a  Mi'kk-n  fiow  of  wuUt  tlnvii^Ii  llit-ni  ni'  Kv  dihtiirbanctf  of  alnii»[>iHfii" 
prcAsiin^  pixMliK-ecl  by  the  xiidden  disci uirjfc  of  wnicr  ilimtigti  pi[» 
with  whicli  llu'ir  own  j>i[xw  nrc  w>niK'ctcd.  Tin-  intuiiH  for  tlit  [inwi>* 
tion  of  tills  licciimiKie  ai-c  CTiiiHiderpd  Iwlow, 

Aiiotlicr  ctii.-^  of  ^inijiK-  1n)]is  itx-ludf-t  nil  those  ktioun  u-  IM'it 
I'ol  (Rips.  In  one  form  of  llif  bottli?  trap,  the  priiicipK-  of  wlwiiw 
Kliown  in  Fig.  *!0,  iJu-  end  of  ttic  inlH-ptjie  (lijuK  rie^'cntl  incibcf  ii»"  t''C 
|HioI  of  wntcr.  In  onlpr  to  tlrivt-  »ir  Imrkwunl  tliruiigli  llip  inlct-iV 
A,  it  woiiUl  1m?  neof^sary  to  ex<-rl  pressiin'  sufticiciit  t*i  f-iiw  tUc  "sifi" 
williin  the  fluimlxT  H  npwiinl  lliroii(;li  A  miii!  il* 
level  is  brought  down  to  itii-  Iowit  end  of  .1.  l.niltf 
onliiiniT-  cirt^iiiuiftniKV)*.  *w\\  n  prvsMUiv  would  1* 
quite  impo^^iihle.  To  drive  air  in  the  otj^r  rlimtinn 
thmiigli  A  into  /{  i.'*  h-no  difli<-iilt,  but  this  will  rr<|ii'n' 
a  jirpi^iire  siiftirient  to  dcpivjiii  \\w  «T»tw  !il«'"l''1? 
within  .1  down  to  thi-  oiuh-i  of  thi-  pipe. 

In  Fij;.  61  i»  i^hown  h  tmp  of  tliif  kind,  iti  *iJ'* 
tliL-re  arc  two  inl(-t»;  the  prindjnl  one,  the  pi*'  '• 
and  i\w  »ti-onil,  which  <'onn»'Cli*  with  the  ovirti^w  "' 
the  tixtiii'e,  the  \ti\K  It.  Th«  arrows  iniliriilc  '1^' 
diiix'tion  of  movi-nifnt  of  the  sewage  Ihrmigh  ili'l'"*' 
As  the  level  rieet,  tlie  excx-w  nins  oil"  ihrongh  t'** 
ontlet  O  and  dischai^es  downwanl.  'V\k  ii|'l^'' 
ptirtion  of  iIk-  i>i[H'  marked  I'  winncrtK  with  tJ^ 
ventilating  pipe,  in  which  frw  cimilalion  of  sir 
maintained.  The  object  of  thii^  is  explained  below.  This  fona  t*^ 
trapia  uade  to  lose  its  seal  only  withpreat  iliflieiilty,  although  a  jotlff^ 
it  may  l»c  l(»t  by  .<iphonag('.  The  ohjcetion  to  this  form  nf  trap  i*  il>  "^ 
likt'lihiKMl  of  the  acmmulatiou  of  filth,  for,  nnlike  the  rotind-pi]N-  irav^ 
tliey  nrc  not  scUVh-ansiug,  since  the  whole  eonlonte  are  iiot  urt  !■■* 
motion  each  time  the  fi\turc  is  iisihI. 

Another,  iiiropler,  form  of  [K>t-trap  is  thai  shown  in  Fig.  62.  Here 
the  inlel-tnbe  /  i«  not  ininiers4<d  in  tho  li<|nid,  hut  cmiinunii^M 
directly  with  the  lower  part  of  the  chamlKT ;  tin'  outlet  O  flart;'  froni 
the  upjHT  part  of  the  <'li3»iber,  and  the  c^mniunieation  with  the  ven- 
Ulating  pipe  hu»  iti^  exit  .-it  the  crown.  It  will  Ih-  olKH-rvtHl  that  id 
Ixrtti  th«-sc  fornix  the  seal  is  quite  deep.  The  uihIuc  accumulation  of 
filtb  in  thcee  tnpK  iiltoulc)  Ix^  gunnlcd  ngainut,  kihI  for  this  |uirp(m 
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Jean-out  boles,  closed  with  metallic  acrew-caps,  are  provided.  A  large 
tecum  Illation  of  filth  in  one  of  these  traps  makes  siphonage  of  the 
«al  more  easily  brought  about.  This  class  of  trap  is  used  only  under 
4aks,  hasins,  baths,  and  washtubs  ;  never  under  any  circumstances 
inder  water-closets . 


Fio.  01. 


Fio.  62. 


Two  fomu  of  ventilated  bottle  Inpa. 


Among  the  traps  depending  upon  mechanical  devices  to  assist  the 
mter-flcal,  the  Bail-trap  may  be  taken  as  a  type.  In  this  form  (shown 
in  Pig.  63),  the  up-cast  limb  of  the  trap  consists  of  a  chamber  con- 
aiderably  broader  than  the  inlet  branch,  and  contains  a  ball,  the  sj)ecific 
gravity  of  which  is  slightly  greater  than  that  of  water.     This,  when 


Fig.  63. 


Ball -trap. 


Ac  contents  of  the  trap  are  at  rest,  rcMts  on  its  sent  and  makes  a  gaa- 
t^t  joint.  When  liquid  is  discharfred  into  the  trap,  the  ball  £  is 
'I'rown  upward  into  the  position  indicatfd  by  the  dotted  line;  and 
»hen  the  flow  ceases,  it  drops  into  its  original  position.  It  cannot 
escape  from  the  chamber,  since  there  is  not  space  enough  for  it  to 
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pnss  between  the  lip  of  the  pot  and  tlie  top  of  the  cmver.  This  f'lnii 
tit*  tr:i|i  <ttiiiii>t  Ik^  niphiiiKil  out,  Invjiutw  of  tin-  »m-  i^t'  thi-  |)r>i,  bill. 
nith  JisuM-,  it  may  Idkc  ilf  nciil  by  exiipumlioii.  Iti  Kiivh  lui  t^'val, 
however,  the  bull  n'taJnc  itw  seal  and  eloees  tlie  joint.  TI»e  pvnl  objw- 
tioii  to  thiii  trap  16  tliHt,  even  nitlioiigli  tiotliiitg  whieh  Khniild  o{lii-rvi<f 
be  diAjKhiix)  of  is  thrown  into  the  lixture,  as,  for  ingisnoe,  ntutebe^  sQ'I 
other  object,",  the  si«t  of  Uu-  Iwll  i."  liki-iy  In  Iteoiiie  the  i">ini  <i 
4le|HiHit  for  hair,  bits  of  cotton,  Inien  fiber,  anil  sponge,  ntnl  tJiMi  J  p.*- 
tit;ht  jitint  mnmrt  Im-  mnde  wttli  the  bull.  A:«  ii  matter  of  fact,  imlcnl, 
all  mechanical  devicra  in  trap»  are  much  inferior  to  the  ordinary  W3K^ 

Another  form  of  tmp,  miieli  tvieil  in  kitchen  sIdIch,  in  known  ii;<  lii^ 
Jkll  trap,     (Sec  Fig.  64.)     In  tbic,  the  (leliverj-  \n\iv  I>  i>r(jcrtiii  fur 
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flome  distant  iipwnrtt  into  the  pesen'oir;  the  inlet  «niMBt*  "' " 
Ktruiner,  S,  ty  whieh  is  altncheil  the  bell  B,  whieh  dip  into  ikf**' 
of  water  in  the  rt'servoir  and  eneloaes  the  outlet  of  the  pi|»e  />.  '^^'^ 
if,  it  will  Iw  !»ifn,  no  direol  eonintuni ration  lxrtwe«-n  tin-  air  eootain^' 
within   the  bell   and  that  above.      The  waste  reaehes  the  i\w<]""' 
through  the  holi-.s  in  the  ^imioi-r,  and  us  the  level  of  thv  li<|uidnf'*' 
it  escapes  through  I>.     Thi^  form  of  trap  in  quite  likely  to  be  cliol"^ 
by  deposiiti*  of  .iniall  bitfl  of  fiHtil  niaterini  an<l  otlwr  tttiKilanees  t^^Y 
through  the  holes  of  the  .stininer  with  the  aid  of  a  sink  bru^k    I' 
i»   nlxo   (nnily  ftphoiied,  and,  fiirlbenuore,  iH'ing  ni^ily  retnoxtd,  ** 
hap)>en8  verj-  couimonly  thiit  the  fixture  is  utilized  by  hiJty  jo'ninW' 
for  the  disposal  of  ^vat^te  matters  which  should    \k   <Ieposiied  v\i 
where. 

Oreaae  tiapa  are  devices  for  preventing  the  diokinjc  of  drains  by 
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greasf,  wliifli,  dUcburKitl  in  tlio  liiiiitil  jitnU^  witli  h<»t  wator,  i>o1kIifi«ti 
wlidi  it  i^umc.'t  in  c>>iiiaei  witli  the  oold  Kurfaee  of  the  waste-pipe  and 
adhen'»  thurcto  witli  gmit  Icn- 

airity.      The  ci>ating   which   it  Fio.65. 

r<:>rni8  bottitnc-t  thicki-r  a  ml 
thicker  through  swwvw'ive  a]>- 
pliciil  iiiriM,  nnu  cvt-iiliially  may 
otTlutlt'  the  pipe  j^o  i^jtiipli-tt-lv 
that  th(?  triiiihlo  iim.Hi  be  at- 
tacked from  the  uiiti^iile,  the 
remedy  r«|iiiring  sometimes 
the  ri'rniival  ami  iiicidfiitai  dt- 
fttmctiou  of  an  entire  len^b 
of  pipe.  GrKi.''c  tiap^  may  lie 
IiKMteil  hencalh  the  sink  or, 
piv  fern  lily,  in  a  pbct-  pnivideil 
therefor  outside  the  hoii^-. 

A  oomnion  ty[ie  fit'  iJiis  de- 
viw  i«  *lwwii  in  Fig,  65.  The 
greasy  water  ninf*  intn  the  rex- 
ervftir  thron^^h  Uir  inlet  /,  and 
the  liqiii<l  ^reiiM',  heing  lif^htcr  tliaii  the  irater,  rises  to  the  surface  and 
forms  a  scum,  which,  when  eold,  solkiifii-s  into  a  «ike.  Tlii^  outlet  O 
of  the  trap  ilipK  far  bcntnitb  the  nnrliiM',  iiud  so  di^^ehargis  uone  of  the 

Fio.  60. 


Qnuc  Imp. 


Jacketed  crcuc  mp. 

aoeiimulatvd  nreaj«'.  Air  it*  ntlinittid  ihroiijih  I',  and  can  «ireijkte 
thence  through  the  inlet  pipe  /,  as  indicated  liy  the  arrows.  The  accu- 
mulate«]  g;rea^e  should  ho  removed  jx-riodical  ly  through  the  oltian-uiit, 

30 


JBAHITATIOSS.  SCHOOLS,  £TO 

which  is  t:\oseA  by  the  cover  C  A  larger  and  tnopc  rtimplicalcd  ippii- 
raUis  i*  ttbowii  iu  Fig.  OH,  Here  the  rhainliur  ts  cdcIomkI  in  u  jackrl, 
A  R,  throiif-li  wliii'li  poI(]  water  is  nllii»c<l  to  circriiliiu-.  Tin-  ilirty 
WiiHT  intii^  lljrotiyli  /  ;in<l  disHiur^cs  from  the  ti|)i>tir  Iminch  0, wiiiWi 
is  v«nte<l  tlinuigli  1'.  Tin;  gixfli.M-  !i«^iiimliit<-!«  iit  ii,  and  i*  removed 
tlirough  the  lop,  wliioh  id  closed  by  the  liingod  cover  <i 

Tliore  uru  tnnny  tjllior  foraiit  of  grtiM.-  iiitcroii>t»r«,  b»l  iionc  )k  \»r- 
fn^,  flip  under  the  moHt  favoring  ein-unisliineiw  .aonie  gn«se  will  *™fH 
uiiil  iiwy  (Miigciil  iin  Uie  t^iirfaw  of  the  wasio-piin-  or  drain.  All  grciw 
traps  siiould  be  attendtnl  to  ill  r.liorl  intervals,  cJee  they  mar  Ikoidm 
almoni  eiinipleU-ly  tilled   wjtli  solid  grease. 

Loss  of  Seal. — Trape  way  lo»r  tlieir  ftcal  in  various  •tKn;  lif 
oiphiiniigi-,  l)y  I'Viiporatiiin,  Uy  (rack  prewiiirc,  by  Inikiige,  by  aicumn- 
hitiuu  of  sediment,  and  by  cajiillary  ultntetiou.     The  most  Juipnaut 
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of  thc'se  is  siphonage,  for  llic  prevention  of  which  two  mribotb  fi^' 
monly  are  employed.  In  one,  the  up-ca£t  limb  of  the  trap  i*  wid*"™ 
so  that  it  brrome*  !i  pot  or  H'servoir.  A  large  nSHTVoir  will  "^ 
siphonic  action  much  more  tuiiet^essfully  ibnu  a  Mttiill  one ;  an  '^-<<*''' 
pol  rnniK>t  l>o  siphoned  through  »  pijte  of  o^^lillllr^■  size,  a  4-iiK'li  |«< 
resistf  only  when  ilA  txul  is  nnu^ually  <leej*,  mid  anything  VtA  thao'^ 
incheti  is  iDade(|uatc. 

This  form  of  trap,  however,  offers  deeidwl  oljjeotion.  In  tlu'  fi"^ 
place,  it  iis  likely  to  a<viiiotiI:iIe  inueh  .sediment ;  anil  iu  tlM-  wtit'liu.'' 
conntilutcs  a  miniature  i'cr!'JbiiiI,  the  presiiice  of  which  in  a  sv-l4'ni'* 
pbmdiiiig  t^houM  not  be  coiintenttiiccd,  i<in«.' sewage  matter  ^liixilJ  I* 
disehat^l  in  as  fn.*h  a  (x>udition  a.-*  i>o*Mble,  and  not  iu  ii  I'tal";  '^ 
pulivfiietion,   which,   if  ce^jKiols   are   employed,    will    incvitahliF  ^ 
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bmiiglit  nboiit.  Moivovpr,  this  form  of  trap  is  verv  oxpp-nsiv*  mid 
bulky.  In  tlie  oilier  nictli'Nl,  tlif  iip-«iKt.  branch  Ik  conni-ctol  n-!th  a 
vi-titilutiiif;  pi|»f  In-  a  branch  fi-om  it.-  upper  pi>nion.  I'nlftw  one  wr 
(he  iithcr  iif  tlicfc  two  riiclhods  in  a<)<i]iUtl,  the  cimUniUi  of  the  trap, 
particularly  in  tho  caiie  of  a  round-[>i]ic  trap,  arc  likt-jy  to  be  siphonttl 
OVI.T  wlicn  ILi  fixriirv  is  iistnl  or  whi-n  a  largi'  volume  of  whUt  is  ilis- 
cbargin]  from  mme  other  fixture  into  the  »oil-pi|x',  ami  in  its  de^ecDt 
CHiL'H's  «  [Hirliiil  Viunmni.  In  ihi^  former  t-aw',  the  trap  i-i  st-lf-siplioiiwl ; 
in  the  latter,  tliv  jmrtial  vavuiiui  drtivrs  iIil-  w»tcr  over  and  breaks  the 
fwa.\.  If  the  trap  i-ommunicaios  iivith  a  ventilating  pipe,  this  ()isturl>- 
anvc  of  t'i]uilil>rium  aiiinot  occur,  sinw  the  lU-Kwniiiii);  niawi  of  water 
Closes  a  downward  soeiion  of  air  through  the  vent  pipe  to  sjilisiy 
wbit  would  otherwise  be  a  partial  vatniuiu.     lii  Fig.  i>7,  thv  tliugnua 

Fia.  <I8 


nntitotmr  and  proper  po>JUoiuot*fiit  pipe*. 

<m  the  right  shows  the  condition  afttr  siphouape  has  ocourn-d ;  tho 
(freater  part  of  the  water  has  been  drawn  over  until  air  can  he  sucked 
through,  and  thut  whiidi  rctniiins  luts  fulk-ii  btek  into  )ikc-e.  The 
rtwiilt  is  that  a  free  commuuication  exists  Wt.ween  the  fixture  above 
and  tlie  soil-pipe  Ix-Iow.  Tho  diiij;mni  on  tbr  left  shows  the  condition 
of  tiic  -«ciil  if  the  trap  Vi  eotinccted  with  a  veulUatinfi  piiie  throufrh  V. 

In  venting  traps  in  this  way,  tin-  jiosition  of  tho  vent  pipe  is  of 
considcndik^  ini|)ortiinee.  Ordin.trilv,  it  is  pluoeil  us  shown  in  llm 
fijjurc.  The  objection  to  this  procedure  and  the  proper  method  are 
shown  in  Fig.  G8.  If  tlii-  pijie  cntem  in  the  middle  of  the  U-nd,  each 
dischiirK^  of  sewage  into  the  trap  causes  a  projection  of  the  liquid 
upward  into  tlic'  pipe  V,  and  aCtt-r  a  tiiin-  an  a<'aiiiiulation  is  likely 
to  occur  at  A.  If  tho  pijK  in  situafcl  farther  to  the  right,  ait  in  tho 
<lrawing  oa  the  right,  this  accumulation  is  not  likely  to  occur,  and 
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tlie  *e«'iiigc  uiitl  itic  iiir  l«kc  the  dinxrtioivi  iiulicsileil  by  tlio  arrows. 
The  vent  pipe  is  more  easily  joined  to  the  trap,  however,  in  the  nian- 
iH'r  to  wliii-h  o1)j(^tion  i.«  iiutdi:. 

The  vetitiluting  ]iipe6  from  the  dilferciit  imps  of  a  system  of 
plumhing  couoect  with  a  tnain  ventilutiti};  pilte,  which  may  be  joined 
to  1)k'  ifoiUpipi-,  alonf^ide  of  which  it  runs,  ut  a  poiut  in  it«  upper 
|Kiri,  before  iti^  jirDJection  tlirough  the  ronf.     ]|  !•<  ini|H>rLiut  lliat  the 

junction  oi'racli  vent  pi|>c  wilIi  the 
main  shall  lie  at  a  point  above  the 
fixturi-,  »inoi.-,  iu  case  of  «n  ol>> 
HtruotioQ  in  the  soil-pipe  lielow,  Ibe 
walt-r  may  back  iip  through  the 
trap  and  dift^har^  Ihrougl)  tLc  vi-nt 
pi|H-  into  (he  niiiin  vinit,  as  shown 
in  Fig.  (i9.     Here,  tlic  soil-pipe  S 

Fio.  70. 
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tmimqxr  Inoctloaofvenl  pifc  wlib  luUn  acnt. 

has  befn  oltstruetinl  at  a  point  just  l»elow  tin-  cntniitw  of  the  waste- 
pipe  from  iIk'  fixiiin-,  and  watvr  has  aceumnlatcd  tbnH^;li<>ul  il»e 
entire  length  of  waste-pipe  and  is  diwharpInK  into  tlH>  main  venti- 
lating |H]X'  at  V.  If  t]»e  |>oi»t  V  were  higher  than  the  upper  niai^^n 
of  the  tmwl,  this  could  not  occur,  anvc  the  Imwl  ittielf  would  611  iind 
OVcrlloM  into  the  room,  and  tlitis  rail  attention  to  ttK-  olxiniclion. 

Kon-siphoniiis  Trap«. — A    nninVHT  nf  tr.ijis  kno«-D  as  i>im-*ifAniung 
havu  bron  devised  lo  obviate  the  newK'ity  of  Ixu-k-venting.     Among 
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these  maj  be  meotioDed  the  "Sanitae,"  invented  by  Mr,  J,  Pickering 
Putnam,  and  the  "  Hydric" 

The  Sanitae  trap,  shown  in  Fig.  70,  is  made  proof  against  siphonic 
action  by  a  deflecting  partition  within  the  chamber,  which  permits  the 
passage  of  air  above  the  water  and  throws  back  a  volume  of  water 
sufficient  to  maintain  a  seal  over  three  inches  in  depth,  which  resists 
evaporation  for  a  long  time  and  cannot  be  destroyed  by  capillary  at- 
traction. When  attached  to  fixtures  with  large  outlets  and  quick  dis- 
charge, it  is  also  self-cleansing,  even  when  ashes  and  similar  unusual 
constituents  of  sewage  are  thrown  into  it.  In  the  figure,  the  several 
parte  are  shown  separately  :  the  main  structure,  the  chamber,  and  the 
deflecting  partition. 

The  Hydric  trap,  shown  in  Fig.  71,  contains  no  deflecting  partition 
«r  other  mectianical  device,  but  depends  upon  the  action  of  the  upper 
sorface  of  the  body  of  the  trap  in  deflecting  and  throwing  back  the 
vater  during  the  sucking  of  the  air  throu^  the  chamber  and  over  the 
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*lter.  When  the  siphoning  action  is  finished,  a  sufficient  volume  of 
*Uer  remains  to  form  a  permanent  seal. 

Evaporation  of  the  seal  does  not  commonly  occur  except  after  long 
vaae.  It  is  favored  by  trap  ventilation,  since,  wben  a  current  of  air 
I^Unes  in  constant  contact  with  a  body  of  water,  constant  absorption 
h  in  process.  In  order  to  prevent  loss  by  evaporation  in  case  of  long 
disuse,  two  processes  are  in  vogue.  One  is  to  employ  a  trustworthy 
pereon  to  visit  the  premises  weekly  during  the  absencp  uf  the  occupants 
*ijd  f^ush  each  fixture.  The  other,  and,  on  the  whole,  the  more  eco- 
hmical,  is  to  pour  into  each  fixture  a  sufficient  amount  of  glycerin, 
vhicb,  being  hygroscopic,  will  take  water  from  rather  than  yield  it  to 
4e  atmosphere,  or  of  oil,  which  will  float  on  the  surface  of  the  water 
ud  prevent  its  absorption  by  the  air. 

Back  pressure  is  a  force  which  is  not  much  to  be  feared.  In  former 
•unea,  when  it  was  not  customary  to  ventilate  the  soil-(»ii)e,  Imck  pre;<s- 
tn  was  caused  not  uncommonly  by  winds  and  the  action  of  tides,  so 
4rt  the  air  in  the  whole  plumbing  system  was  compressotl  and  the  seal 
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furred  backward,  Souii-tituet^,  u  trapsitiuilod  ncur  tl»e  bottom  uf  a  loti 
ttltK'k  i.-<  t(ir('f<l  bv  Inu'Ic  jirer^uiv,  limiighl  hIkhiI  by  the  (losoent  of  d 
culuuii  uf  wutor  pitsifiii):;  the  oontiiiD«-<l  air  uIk-iuI  of  it. 

Jx!ak»g«>  a*>  a  oiiise  uf  loea  of  wml  is  lo»  evident  to  require  explniiu- 
tioii.  Acc'iJiiHiltiliiiii  (if  Hiilinii'iil  may  Ih'  to  i-xt<.'i).->ivi-  a^  in  rqiliuv the 
vraXer  iu  gn^at  jtiiri,aiK]  tiiui^  n^ndrr  ^iphnniiig  much  easier.  <_'u]iilbn 
iittnicrtioii  U  II  iiol  itif'iv>|Li('iil  twisf  lit'  Inns  uf  Mill  whvil  miiiuiiilalii'"' 
of  hair,  thrc'iid!',  uiid  uthL-r  like  »uhi-taDu»  occur  in  a  noit-ecuurinj;  inf 
lit  tht>  outlet  and  drua  away,  littb  by  liltkt,  tlie  fixture  pido  of  tk  mi 
into  the  otitfidl. 

It  U  hardly  neocn-saiy  to  say  that  nothing  tihoiild  be  thrown  inin 
traps  excepting  those  rnatlcm  which  arc  rccopiiiM^i  a»  iii>ni'lim('oI.' "f 
normal  sewage,  that  is  to  say,  neither  niiH<'ht«,  nor  rags,  nor  bmktD 
fihitm,  nor  wiuU  of  ik-wsimiikt,  nnr  stifi"  wnling  itti|««T  itot  i-asily  rJi*- 
integRitcd  by  the  actiuu  of  water,  AJl  each  substances  arc  likilv  not 
only  to  dog  tm^iK  and  lirc-nk  the  seal,  but  ali^o  to  form  ob»trit<?iLt<ii)  in 
Doil-piixr,  (Ktrticiihirly  where  hendit  occur. 

The  extremiNlii  who  elirig  to  tlift  sewej-nir  tlioory  of  transmisiimi  of 
diiwiuw  lire  not  ulwiiyif  sulistied  with  oixiiriiiry  lni]>]iin];,  ft*Hiig  «u'* 
that  the  water  in  one  branch  of  the  tr.ip  will  alieorb  dJMaH'  p™* 
fr<im  ihe  >t'Wi'r  iiir  mid  diwliiirge  tlifiii  on  llii*  tixiiim  .-lide,  Tn  jvoid 
this,  a  system  of  dotdjic  tni(>ping  has  ln'cn  iidvoratHi,  with  whicli  s*-*"^' 
an<«  is  miulo  duuhly  sure.  With  thi«  nrnuigt-ment,  we  have  Iwfitn]* 
in  immediate  siiccestfioii,  so  thai  the  wiisle  froni  titi*  liryl  muft  [w* 
throiijih  till-  .-ecuiid  ;  thus  we  ha\'e  two  sralt',  an<l  any  |ioisati  ulij^flw 
fn)m  the  farther  one  and  iliwnpipil  backwnnl  will  then  miyi"''"* 
ceeond  nbt^t ruction.  Ikiriides  the  manifest  al*sunlily  of  Midi  I'lrim"' 
|)rcraiitiun,  there  it  ii  dwidinl  ohjwtioii  to  this  nmtii^menl,  sinw*''" 
matters  are  likely  to  lodge  in  the  second  trap  iiiwi  euti^e  it  tn  ti' """ 
.ilnieled.  While  the  hend  of  water  may  lie  Millietent  to  drive  thf  »** 
thniugh  one  Imp,  it  is  hy  no  nieiuis  certain  ihitt  it  will  Iw  tlf^ 
enough  to  drive  it  thntngh  two,  and,  as  a  matter  of  laeU  it  ii'iuJlT 
IK  not.  Mon-ovcr,  iK-tween  the  two  trii|it«  iiu  iiir  lock  h  li^"'?'  '* 
form,  and  that  in  itself  Is  a  decide<l  objeetinn,  as  luis  l>tiii  exjiininf"- 

Water-closets. — By  rrnson  of  the  fnet  that  their  jrt^wral  fiii|il"*'" 
ment  is  a  niiitltr  of  eiHiijximlivcly  recent  limes,  it  is  bi-lievnl  vri>"™'"* 
miinly  that  w:il<-r-elnsoLs  nro  the  invention  of  tW  last  half  tviiiufj- 
They  <l!ite  hiii-k,  however,  many  oentnrle?-,  for  in  a  wmiewhiit  ^iaiM 
fonu  th*-y  were  in  use  in  ancient  Rome  and  Pompeii,  nmt  imilo'"?' 
even  earlier  in  .\>iii  iin<l  Afriwi.  Tlicsc  pviniilive  forni!*,  howevrr. ""'''' 
devoid  of  the  mechanical  appliance.",  flushing  lankj*,  etc.,  nf  tlii' ct'*'-' 
of  the  prfwent  day.  It  is  siiiil  that  the  proloty|"'  of  the  present  <l*' 
wan  in  use  in  Fniuce  and  Sjuiiii  befoi-e  the  sixtei-nth  eentury,  l"l'>j° 
iiir  a.t  is  known,  no  diagrams  of  their  eonstruetion  are  extant  ** 
Kiigland,  the  fir-Jt  water-clnsct  with:i  fl<i^liingnp|«mlu«  wasninslW'™ 
under  the  direction  of  Sir  John  liarington,  al  his  eountiy  s^al  »l  ^"' 
Mon,  nmr  Balh,  and  dt-serilH-d  by  him  in  ii  !*aliriej»l.  !«cmi-|i"lili'^ 
work,  "An  .(Vjiutoiiiy  of  the  Mctmnorpliosed  Ajax,"  printed  in  l''''"' 
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from  which  work    Kigx.   72  and  73  are  token.     P^.  73  shows  the 
detail"  of  t]>e  apparatus  diwcribcd  hy  him  ox  fuUcwi^ : 


FW.72. 


Rodutod  tMMmllc  of  tbc  uZiloi  kiiuWQ  IIW)  dnslDK  •tuiBing  dcUlU  or*  waUrolMrt. 

"  Here  are  tho  purt^  srt  down  with  a  rate  of  the  prin»,  tliat  a  hailder 
may  gin-M  what  he  hath  in  |(ay. 

"  .t   die  i-iat^ni ;  ntniie  or  lirii'L.       Pric* II     8 

h,  -K  f  (h(>  yipv  llmt  i-oniia  fmni  Ibt.'  I'uduni,  villi  a  stuppli*  lo 

thp  n'B«!iiM' 3    9 


-pipn 


1    0 


/,  [I  lliv  "(Fill  nr  ihv  i;n>t  slopjilc,  witli  >  kry  to  it  ...•■•    1     6 
h  the  (orni  of  the  upper  brim  of  ihc  vcsol  or  Mool-pot  .   . 

m  ilii'  rtool-fKii,  of  -(i«ip  ....        ....   - 80 

a  ibc  Knsit.   tirawi  xliiioi-,  tu  which  is  i1ht<v  incliis  (■iLrn>nt  l'.< 

srii'l  it  down  u  gallop  inio  ilic  Jnx 10     0 

i  ifac  •ral.  wilh  n  iH^k  ili-v;iiil   Tor  <'ll>oir-roc>Tii.    Thr  whole 

tluincv  iliirlT  Bliilltiip<  anii  t-icht  wnii- ;  Tpt  ■  uiii""ii  I'f  my 

■uasli'm  wan  utU-tnl  iliirlv  pmindf  (or  Jie  likt     Mi-llioniU- 

dnnt.    Th(!  wolti  in  ahmi  Iinir  >n  inob  Uin  foot." 

Fiji.  "'I  slidws  tlic  nppiimtits  cet  up  ami  iltiniif;  flur'hin^.  "  Here  is 
\\w  same  all  put  Mjiethcr ;  that  the  workman  may  see  if  it  be  well,  A 
Uie  cistern.  H  the  little  washer,  c  the  wn«te-pipc.  D  tlw  seat  hoard. 
e  the  pipe  that  eomrs  from  the  cistern.  /  the  screw,  g  the  sciillot) 
jthdl,  t4)  cover  it  wlu-ii  it  is  shut  down,  H  the  i'UHil  )Wit.  t  iJie  stopple, 
k  the  eiin-eof .  I  the  sluice,  m,  A'  the  x'anlt  into  which  it  falls ;  always 
rcmenilM-r  that  (  )  at  noon  ami  ul  night  empty  it,  and  leave  it 
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Imlf  ft  foot  dwp  in  fair  wster.     And  this  l>ein);  well  Aot»,  ani]  ordtriy 
kept,  ymip  wurst  privy  nmy  !>«  as  sww't  as  your  IxLti  i-lmmlxT." 

\Vp  have  evidenee  lba(  even  niimii);  powpk-it  imt  trlnKHwl  iiniHiif;  llw 
lii(ili!y  eiviliiKHl,  llip  uw  of  uater-cloeets  is  by  no  mean!)  of  reccol  ibtc. 
TliuH,  Ugilby  iu  biM  cJHbunik-  work  on  Afritii,  piililifliitl  in  ]6*l*,iit- 
seribiug  tlio  oily  of  Vvz,  says,  on  }ag«  1S7 :  "  Tlie  River  F«i  nbicJi 
Paiiliif  Joviiic  culls  lihiifiuliiie,  iws*es  lliron^li  llie  City  iii  two  Branrhfn; 
one  runs  HoiilhwHnl  lowartU  New  Fen,  and  tlif  nihcr  West ;  raclmf 
tli<-M>  MiUlividin^  into  many  other  oUitr  ninning  ClianneU  thrcpugili  Ibe 
StreetH,  Aerviug  not  oueljr  each  private  Huuse,  but  Cliurebw,  IDD^ 

V\n.  73. 


ConipaDtDD  tn  Fig.  n,  »bo«ini:  parti  put  tct^htt. 

HospitalH.  and  all  other  publick  Places  to  tJieir  great  convfDiin'*^ 
Hound  about  the  Mofi<|ue8  are  a  hundred  and  fifty  Otmmon-IIoa'W  "j^ 
Kiwi'infiit,  built  Foiir-wpinre  and  divid<Hl  into  Sinjrli-^tovil-Itcioin^*'''' 
fiirnihlieJ  with  a  Cock  and  a  Marble  CUleri),  which  seourtlh  awll^'I'' 
all  noat  and  ehoiii,  its  if  llii'sc  phi<H\s  weiv  iiiteiidiil  liir  flome  •*'**'^ 
Employment." 

Tli«  wuter-oloiM*!  of  the  |iresent  dny  niay  he  divided  into  twoti***- 
tbo6e  having  movable  interiinl  iiii-clmiiiwn.  and  lliow  hiiviug  none.  "• 
the  fonner  elass  Mong  the  phinKcr,  ur  plug,  doeet,  the  inn  diw*.  ■"' 
a  niimlHT  of  othcru  ;  t/i  tlm  latter  iMldng  Ihi'  Imppi-r  eln»«4.  tin-  «"'*" 
wash-out  elosets,  the  siphon  eiii,-cts,  and  the  i^iplion  Je(  cKiw-t*.  ' 
attempt  to  deiKTilie  all  tin- didVnnl  (orni.s  on  the  market  wtKild^ '^ 
tedious  and  uaelcee  task,  tor  tlie  |>utentt-d  devices  atone  ran  up  \m^ 
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huD(]re<Is.  Tliercforo,  ill  tli^  fullnvruifr  puj^ee,  only  thoi^e  which  may 
be  t:ik<-n  as  t_v|Hn  of  llic  wornl  and  Wst  will  Iw  tlt-iicrilied.  First  will 
be  tk-wcribcil  thwe  of  distinctly  olijwtionnbk'  conNtniclton.  Tlit-so  iii- 
cliidv  a  niimln-r  whi<'h,  whili-  they  are  nn  longer  intriHliieod  in  com- 
muDities  having  mtxlern  plumbing  rr^uliitiuii»,  vx\*l  in  tlioiiKunds  of 
liotiscs,  into  vfhich  tbi-y  weiv  iiitroduoe<l  at  a  lime  when  thej-  were  re- 
garded as  Jibsojutdy  jKTiWrl. 

The  Pan  Oloaet. — The  jiriociple  of  this  apparatus  is  shown  in  Fig. 
74,  which  i»  a  vt'riicnl  ^^r^ic^n  of  the  wurlting  jmrt  of  iho  cluin-t,  frc-c 
from  ihe  cabinet  work  in  which  it  'is  usually  enclosed.  It  consist>i  of 
n  liiippi-r  H,  prm-idcd  with  a  tlnshing  rim  imd  rloix^vl  at  itK  oiillot  l>y 
^flieanB  of  a  tuuged  pan  P,  which  le  relcui^ed  by  a  mechanism  which  it 
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h  unneoessni-y  to  ilbi^trntc  or  explain.  NV'ben  the  pan  i.-*  in  thv  hori- 
zoiit.'il  [M)sitioii,  it  is  piirtly  fillctj  with  water,  into  which  the  excri-ta 
aro  discharp>d,  aldiongh  ordinarily  they  winK-  in  contact  first  with  the 
Kiirfitec  of"  tlic  hopper  iibove  the  water  level.  The  clow.-!  iw  emptied 
by  pulling  a  knob  or  handle  which  ifloasas  the  pan,  which  then  takes 
till"  [visition  sbiiwn  in  the  figure  bv  the  dottetl  lines.  The  coiilentit 
are  thu;'  thrown  into  the  Inwer  chamber,  and  fall  ii)to  the  trap  below, 
nil-  nicclianisni  which  re!nii*i'.«  the  |inn  also  start.-<  »  flush  of  water 
through  the  flushing  rim  over  the  surface  of  the  hopper.  This  fliwh 
is  sup]>os<Hl  to  scour  (bo  inti'rior  and  to  be  .luHicienlly  voluminous  to 
drive  the  excretn  over  the  bend  of  the  trap  and  forward  toirani  (lie 
soil-pipe,  Whi-n  the  pun  is  brought  Imek  to  its  ori^nal  plao^,  the 
flush  cJintinncK  nnlil  the  pun  i*  lillc»l  to  the  wime  level  iw  Ixrfore. 
An  a  matter  of  fuct,  the  flush  of  these  closets  is  ordinarily  little 
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I)clt4.'r  than  n  mpo'  driblile.  Th«  front  wall  of  the  reoeiving  chamlMl 
ii(piiii?it  wliii'Ii  tlic  rxcrctu  iin.-  tlintwii  by  the  i«n  in  itc  riwsoi'ut,  i 
iiu'uriiibly  in  ii  lilthy  L-ondlli'in,  wbi<^b  canoot  ho  ini|>rc)ve(l  hy  anf 
aaioiint  of  ^uch  tluifhiiig  iw  the  apinratUA  i»  Ga|wl)li'  of  giving.  Tha 
OMiitiCjiK^im-  i^  llial  each  time  tlic  ]ian  ic  drup]tei|.  a  volume  of  f<Hi 
uir  b  ^li^iJllnl■^1^  ii[)niir<l  iiHn  tlif  OHirii.  The  inlet  stdi-  nf  the  It«(i  i* 
I'ommonly  a  iiniuiiliiiv  ot.'i'spoal,  i^lnix'  (I)l'  Hii!^l)  tiax  h>  litllt.-  hc.id  l)iat 
it  i.<  iiiuiblt;  III  drive  nbjvKl^  of  Itj^hurr  njivcilic  gravity  tliuii  llul  uf 
watt^r  lhn)ugb  tlio  trap.  In  tin.-  iiliistnilion,  ti  reprE3>«Dt«  what  i 
kiiiiwii  jin  ii  "safe"  to  ealoli  all  drippings  from  any  swuinie-,  iind  frora 
this,  thi-  piiH.'  «  condiiiif  tlifni  to  the  In-nii  of  the  trap.  Tliit  ultolis 
contrivaiiee,  timnerly  the  jmdo  >if  the  pliimlwr's  oraA,  is  now  geuer- 
uUv  uiid  jiii>tlv  rcj^iohil  iia  uii  nbuniiiialioii. 

The  Plunger,  or  Ping.  Closet. — TIiih  apiumtuH,  kIiowh  iu  Fig.  7.5,  i» 
for  k-ss  objtftioiiahle  Uiitn  llic  p«n  elnset.     It  i»nHUt«  of  u  rcwiwr  it, 
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in  wliidi  »  targe  volume  of  vnitvr  can  l>c  retninc<l  wheti  the  pinnger. ' 
ping,  ^1,  U  in  place.  When  A  \s  lifted,  the  contents  of  B  cwnf 
dow-nH-nnI  inrn  the  tmp.  which  i*  veiiKfl  at  V.  Tin-  i>Iinigrr  .1  mil 
oidy  e'lntrtilx  the  empivin;;  nf  the  receiver,  luit  ali'o  M-tn  a^  a  t^tandini 
overflow,  for  ^tiinild  the  wiirer  in  th.-  rewTvnir  riw  li^her  ihnti  ilu 
npiMT  level  o(  the  ])hmger,  it  will  tlow  over  into  ^1,  aud  from 
(hrongh  C  into  the  trap.  Tliiii  fixture  requires  a  large  aiununl 
water  in  order  to  otxnin  a  pn>)X'r  flii!-h,  for  unlnM  the  Hush  i*  gi'ner 
0U>^,  hiw  of  (Niper  niK)  other  niuterlal  may  Adhere  to  the  edp>  of  thi 
ontli-t,  so  thill  when  the  j>hmger  is  tn  plaiT  the  vnlve  is  not  tight. 
Naturally,  with  n  Iwwv  joint,  (lie  contents  of  tbo  receiver  will 
away  »»<]  l«iv*  it  in  n  dn*  condition. 

These  two  fomia  wffioc  an  illiir'tnitions  of  the  ol^eetioDable  da«i  ot 
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closets,  and  it  may  be  said,  \a  general,  tltat  all  closets  depeoding  upon 
■ntental,  mechanical,  movable  parts  arc  objectionable,  and  all  of  them 
are  likely  to  become  exceedingly  foul. 

A  properly  constructed  water-closet  should  have  a  flush  of  water 
that  will  wash  the  whole  of  the  interior  surface  of  the  bowl  most 
thor9ug;faly,  cany  onward  all  the  filth  and  other  material  beyond  the 
trap,  and  leave  the  bowl  tilled  to  the  proper  height  with  clean  water. 
It  should  be  cleaned  so  thoroughly  every  time  it  is  used,  that  no  tilth 
may  remain  deposited  at  any  point,  and  it  should  be  free  from  dis- 
agreeable odor. 

Hopper    Oloset. — The  simplest  form   of  non-meclionical   closets  is 
known  as  the  Hopper,  which  is   shown  in  Fig.    76.     The  illustra- 
tioD   hardly  needs  explanation,  the  device  consisting  of  a  hopper  con- 
nected with  a  simple  S-trap,  ventilated  in  the  usual  way.     Hoppers 
are  known  variously  as  short  and  long.     The  long  variety  presents  no 
advantage  over  the  short,  and  is  kept  much  less  easily  in  proper  con- 
dition.    The  long  hopper  has  its  trap  beneath  the  floor ;  the  short  hop- 
per, above  it.     The  short  hopper  is 
less  likely  to  become  foul,  on  ac- 
count  of  the  smaller   surface  pre- 
sented, and  because  the  level  of  the 
water  iu  the  trap  is  nearer  the  seat. 
The  hopper  should  be  provided  with 
a  generous  flush  from  a  flushing  rim, 
for  otherwise  it  is  likely  to  .become 
foul,  since,  from  the  shape  of  the 
receiver,    fouling    of    its    posterior 
interior  surface  is  inevitable.     This 
is  tnore  marked  with  the  long  than 
*ith  the  short  hopper.     Unless  the 
flush  is  a  generous  one,  it  is  neces- 
Eary   to   pour   down   an    occasional 
pailful  of  water,  and  also  to  apply  the  closet  brush  at  least  daily. 
Open  Wash-out   Closets. — The  open  wash-out  closet   is  designat<^d 
variously  as  front  or  back  or  side  wash-out,  according  to  tlie  direction 
rtich  the  ooDtents  of  the  bowl  take  toward  the  trap.     In  Y\^.  11  is 
«lw)wn  a  front  wash-out  in  vertical  section.     The  Imwl,  provided  with 
kflushing  rim  i-'fed  by  the  supply  pipe  P,  holds  a  pool  of  water,  into 
widi  the  excreta  are  projccte<i.     The  greatest  depth  of  this  volume 
"WM  not  exceed  1.75  inches.     In  use,  the  contents  of  t!ie  howl  are 
"ept  by  the  water  from  the  flu.--lung  rim   into  the  trap  S,  which   is 
'dilated  at  Fin  the  usi>al  manner,  and  the  flow  is  sufficiently  volu- 
"inoaa  to  force  the  excreta  down  and  under  the  jmrtition. 

If  the  volume  of  water  in  the  bowl  is  deejH'r  tliiiii  above  statwl,  it  is 
powible  that  the  flush  may  sweep  iK-nojith  unv  Houting  e.xcrota,  which, 
m  consequence,  may  be  retain«l.  If  rn>  p<n)l  iit  all,  or  mily  a  very 
"wA  shallower  one,  be  kept,  the  cxcn'ta  may  iidliere  to  the  Iwisin  with 
Wch  tenacity  that  they  are  not  easily  dishxlged  by  a  single  flush.     l*'or 
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tho  wash-out  closet,  it  was  inlciided  to  secure  the  onnibinwl  ad%*aDtagm 
of  the  l)uj>iter  nnd  the  jilungt-r  eloM-Ln,  thiit  ti^,  llit-  ailvntibigf  i>t'  m  l»i^ 
furfiioc  of  waU-r  in  the  IhiwI  in  ii'Mitioii  to  that  in  Ihe  trap,  without 
the  inter\'cntJon  of  any  Di»'haiiieal  cuntrivainv.  The  nbjivtinu)'  to  tlw 
Hii^h-r<ut  clo^-ts  aix- :  (^ I  tliut  I'lc  prim-i|Hil  "Riw  of  the  flush  is  the 
cIcuiiFiing  of  llio  ha^in  j  (2)  that  after  meh  using,  tlie  excreta  and  [niixt 
arc  likdy  to  rrmiuii  in  llii;  inlet  *Kk-!  of  the  tnip  until  (he  fixture  is 
used  again ;  and  (■'!)  that  the  surfuee  against  which  the  e-xcivtji  arc 
thn>\vTi  diirtii]r  the  llii--<liin^  i^  likely  to  Im-couk-  fniiltK]  uihI  remain  ao 
until  eleaiietl  meeluinicsiliy  by  nicaus  of  a  brush  nr  other  upjiliaiiee. 

Anotlier  fonn  of  WHHh-out  clo.'^-I  Iiuh  lh(>  Iki-mu  »o  mn^trucUil  as  to 
form  a  Irajj.     Cloet-bt  of  this  clasK  are  much  like  the  hopper,  but  hold 
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n  much  jjrriitcr  depth  of  water,  Tlicy  on-  known  more  nminionly  n« 
"wash-<iown"  elusets.  In  both  tlie  wat^h-out  and  the  wash-down 
cUistda,  the  lip  of  ihe  tnip  should  dip  not  \v^»  lluin  I. ft  inclitut  beneath 
the  water  level :  le^  timn  that  incn?ai-»;  the  ri^k  of  losi*  of  ecul  by 
evapomtion, and  more  nipiini'  a  liirj^r  flush  than  Li  ordinarily  o)>tain- 
able  In  fori-c  ihe  excreta,  etc.,  downward  and  onwaixl. 

Siphon  CloBeta. — Anotlier  ly[)c  r>f  wn-ili-dowD  closet  is  known  as  tbe 
tiplum  jH.  In  thi»,  the  contents  of  the  receiver  are  dmwn  oat  by 
(liphfinace,  an<I  at  the  aatne  tinif  arc  pnipc'llitl  hy  a  jet  of  water  from 
the  fri'iil.  In  Fij;.  7l^,  one  of  the*c  cl<j«Kts  w  shown.  Here  tbe 
chamlK-r  is  divided  into  two  i^ide^  of  a  Imp  bv  the  partition  8.  A« 
tlie  flu.«h  in  brot^^lt  itilo  |)Uy,  it  }ei  of  water  vuiiws  down  with  Kime 
fiircx'  through  A  and  pushes  tbe  contents  of  B  aver  into  the  eli»nil>er 
C,  and,  aa  tlie  fluidi  owitinucA,  the  eliaiuber  C  hetximcs  tbe  long  leg  of 
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a  siphon,  bo  that  when  the  flush  ceases  to  act,  the  siphon  continues  to 
suck  out  the  contents  of  the  rtxieiver  until  the  water  level  is  brought 
down  to  the  point  S,  when  air  is  admitted  and  the  siphon  hecomes 
thereby  broken.  The  oAcr-flush  raises  the  water  level  again  to  its 
ori^nal  point. 

Fio.  78. 
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Another  form  of  siphon  closet,  which  acts  without  the  assistance  of  a 
jet  13  known  as  the  Dececo.  This  is  a  very  simple  and  efficient  fixture, 
•ovented  by  the  late  Colonel  George  E.  Waring,  Jr.  The  receiver  is 
^cry  deep,  and  maintains  several  inches  of  seal.  The  ap[)aratus  is 
^uwn  in  Fig.  79.     To  assist  in  charging  the  siphon,  a  weir-chamber. 
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BtOtted  below  the  receiver  and  just  bcnoatli  tlie  floor,  is  ora])lo\ed. 
"iien  the  flush  is  set  in  action,  Ihe  watrr  in  the  Imsin  overfl(>M>i  and 
aJ»  into  the  weir-chamber  below.  This  haw  a  itinstrictod  imtlit, 
fhich  is  closed  very  quickly  by  the  duseciiding  water,  antl  thereby  the 
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entrance  of  air  from  tbo  Hoil-pipc  eido  is  prevented.  As  the  vttcr 
nuli«(i  into  llie  1«Dg  log  ot*  tlic  M|>linn,  it  ihihIica  thv  nontatncil  sir 
oiiwiiix).  (lie  IrK  in  nmn  filliil  witli  wiitcT,  nnd  tin-  I^i|)lHln  i«  cutDplebiL 
Wlirii  llii-  nmti'iiL-*  of  l!u-  ImiwI  havi-  iii'en  Hinkwi  tiown  tn  tlie  |inr« 
biinli-r  ol'  ilie  partition,  tlic  r'iplioTi  it  lirolicn  by  tin-  it'hniwinn  of  aim 
tbiit  jioint,  and  llie  bowl  ii;  tben  refilled  liy  tbe  afttrr-flnsli. 

Still  iinolluT  efficient  fonn  of  cldiwt  iti  tlic  Sunitatt,  r\wvt\  in  Fi^r-JW. 
In  tbi)<  njipnmtii!i,  inventctl  by  Mr.  J,  I'lokcriiig  I*utnutu,  (he  Ilu»!i  i< 
iins)n)p1isli<il  l(y  tbc  jin'?«n(ir4'  of  watvr  ill  tbo  Pn|>|>ly  pi]"'.  Tlii-  |iij* 
enters  tbo  bowl  Ix'low  the  nornml  wiUvr  b'Vi-l  und  %taiidi-  i>ermiiiH-iiliy 
full  tltron)rli  its  (■iiliw  b-n}^li  up  to  tbc  ciett-rn,  TIh-  naliT  !.■*  MA  id 
tbc  pipe  by  utinuHphcrio  ]irc]>«nre.  TIh-  up{>cr  end  i>(  tlw  pi[)c  u>  rliW 
by  Uw.  cistern  \iilve,  and  tbe  lower  end  by  tlie  w-atcr  beneatli  llie  wsw 
level  of  the  nwivcr.  Tbc  lower  [xtrtioii  of  tbc  .■•iipply  pijM-  h  i"«rli- 
ratcd  at  two  different  points,  throiigli  tbc  first  of  wbicli,  water  i*  '"i"- 
plied  t<^  the  flii^bin^  rim,  antl  tbrougb  the  M.'e<»nct,  n  jet  is  set  iii  adi'in, 
as  in  tlie  ordinary  •^ipbon  jet  clu^'l.  ^V'hen  the  f1ui<b  is  sM  in  i^pen- 
tion,  the  cistern  valve  in  oj)ene<],  and  tbe  water  descends  aix)  0a|)<« 
throui,'!)  tbe  two  Diitlcbt;  tbroiigb  I  be  iipiH-r,  Ihc  [Mmage  Indin^  t<>tiie 
flnsbiiiti;  rim  is  tilled,  and  ttirougb  tbe  lower,  the  water  is  projithJ 
from  llie  liolUnn  of  tbe  reecivcr  up  into  [lie  i«iplu>n.  The  nctioo  i' 
very  tjuick  and  praclitally  without  noise.  Wht-n  tbe  fistem  nJ>* 
is  ;i[piiii  clo.ied,  thi-  wiitcr  ci'aisc-t  to  etwa]»  thmugb  tlic  opeDinp. 
and  tliiit  ill  the  duelling  riui  am)  i>afQfnfp.'s  leadiiig  tltercto  futl^  hn 
into  tbe  bowl  and  reftt*>re9  tJie  normal  level. 

Flashing  Apparatus. — Tbc  <i^ 
of  a  flushing  apparatus  is  the  tiionwgl' 
removal  of  nil  adbering  exerela  ff""* 
the  si<ics  of  tbc  fixture,  nnd  it<  [inpue 
sioii  ihmiigb  and  beyond  thetnp.  Tw 
iliishing  rim  in  poniieetcd  with  x  .^u)1''? 
pi]ie  of  abotit  1.25  iucbca  diunHer, 
connwtAKl  Willi  tbe  cirfcni.  Througb 
this  pipe,  the  water  is  deliverf<l  wi'l" 
rui^b,  nnd  in  Hpnud  out  by  tltc  flii^li"^ 
rim  in  small  jets  agniitxt  tbe  ^i<l<^  "' 
thelmwi.  With  conic  foniisofflii'h'^lf 
cistcrmi,  the  flui^li  ixiittinntw  ii»  lour** 
tlic  lever  which  ojiens  (Ik-  viUvfijl*''' 
down  or  until  lli«  cistern  i*  ftnpt'"' 
coni|i]etely. 

-Vnoiber  form  of  (InKhing  ct'WJ" 
is  known  as  tl>e  siphon  1»iik.  "J* 
\iilvc  of  which  w  ^bown  in  Fie--'" 
This  eonsiBts  of  a  donble  tubf.  ^^ 
and  It,  ibc  inner  HiIm-  .1  being  "" 
longer,  nnd  tbc  two  lubes  forming  * 
Tbe  lower  end  of  the  h>iig  leg  of  tlte  siphon  A  n/tsf  <* 
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a  foUxr  ring  at  C  Ukd  forms  tb«  valvr.     The  ^plma  b  etuted  in 

opostioa  by  liftiof;  tbr  itsI^T'  •iff  hj>  xcat  tr  tuna*  •/  a  rhun  fiucmnJ 

tn  the  no^  in  tW  cap  £    Tlie  water  nvhef  dcmnwanl  ihivo^  the  fla<li 

|ape  K,  mdc-i  iltc  air  out  uf  A,  and  8IU  ibc  Mpfano  wiib  •nter.     Tbr 

jTUve  if  then  drupfwd  back,  and  the  dtM^nrpr  OHttinur^  doiring  into 

\Ak  flphns  al  A  >™  tknraward  tbmi|tfa  A,  a^^  itMlit-uUii  t>y  the  ■rma^ 

■f'r*^T^  contintm-  antil  tbc  Icvd  c>t'  ibr  wntrr  U  l>n<«^)t  ilovrii 

rlo  the  point  I),  when,  air  beii^  -^iucked  in,  the  ^pboa  is  bcuken.    Witb 

ihif  apfnraUbs  the  fliMh  tank  if  rm|itinl  ocnr  time  liw  Gxtatv  i*  unvi, 

land  the  valve  needs  to  be  opened  oaly  long  emtagh  to  t^utn  the  sipboD 

DMiioR,  which  44ijcrt  i*  aeoompU^^I  in  a  ft>vr  MX<»i>d->. 

Still  aDr.tber  fonn  of  flushing  npgianitus  i^  tliowii  iti  Fiff.  82.     This 

is  etn|ili>ynl  in  furai.->b  u  Urgv  fliL-Ji  atui  a  ^uuall  uA(-r-tlu.-<b,  hv  meaoA 

of  wbich  the  bow)  of  the  fixture  may  recei^v  walpr  after  the  main 

Flo.  ea. 


fliifbiDf;  has  been  accomplished.  Tbc  tank  ii'  divided  tnto  two  rbnni- 
bf*^,  ,1  and  H.  Thi-  vaUo  I',  work<-<l  by  ohatu  and  lever,  is  4  incben 
in  diiimt-l<T.  Wbcii  o|K'ncd,  it  diwbaqjvn  water  mow  rapidly  lliHn  it 
ran  flow  lbrout;h  tbe  pipe  E,  and,  in  eonseqiioncp,  the  siirpluB  litis  the 
chnmlK-r  fl.  Whpti  ihi-  valve  in  clumil,  tin-  mnin  lliisb  ctimiw,  and  a 
rnnnller  flow  continues  nntil  tbc  chamber  j!  i*  emptied.  At  the  point 
0,  18  tlie  overflow  for  the  dianibiT  .-1  into  H. 

A  fliij^Iiitiii  tjink  r'lionld  contain  not  lesf  than  4  gallons,  and,  cxwpt 
in  the  case  of  the  Sanitas  closet,  sboald  be  not  less  than  G  feet  above 
tlie  oliKo-t  Ixiwl, 

Water-closet  Connections. — The  nrdiiiurj-  method  of  onnneeting  » 
modern  w:itcr-cliispl  witb  the  noil-pipe  branch  U  by  niciins  of  wlmt  t» 
known  as  a  hr:is.s  llm)r-)ilali;  joint.  Tbewoil-|ii|ie  branch  Li  fastened  by 
meaun  of  wilder  t'l  a  hraj*'  fliinge,  which  !!■  *icr<'wcd  to  the  floor,  'llie 
elojwt  flange  i-t  .set  n]>on  an  intervening  rnbl»er  gasket,  and  the  two  are 
then  twrewed  'ir  bolt«'d  together.     'I'lu'  conimon  putty  joint  should  not 
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lie  ii«(>d,  fur  iiltliniif^li  it  may  not  Irak  wiittT,  it  iii  tisuully  porvioiu  to 
air  and  odors.  Id  screwing  up  the  pnrorlain  branch,  great  care  .-honid 
Ik-  tukou  to  avoid  lirrnkiijp.-.  Soiiiv  cl<wt:<  nn-  miuk-  in  two  [>if«»,  the 
Iwwl  heinjt  of  [vjn-eliiin,  .iiid  th<-  tra])  of  ii-on  or  oilier  metal  with  a 
jMint'liiin  lining.  Willi  ilii'nt>,  th<-  danger  of  t>rv»kii^>  in  h.i]iux<d  to  a 
tninimum. 

Urinals. — Tin-  urinal  i.-*  a  fixture  which  4iould  not  Ik-  lolrralitl  in  n 
])rivntf  Ikhin-.  f'inw,  witli  ilw  IkvI  of  aire,  tlicv  an-  almost  inevitably 
oflenoive  anil,  with  oi\liuan'  care,  are  ture  to  be  n  d(i'ide<l  nui«ine«?, 
Thcv  iin>  msT-viir)-  only  in  Inrgi"  buildingn,  and  llirrr  I.bev  ixfjnire 
abiindaiit  and  frc<iucnt  Hui^hing  and  coustant  rare.  The  wa»^te-|>!pe  is 
(.iimniiinly  i-onted  im  the  interior  as  far  an  tin-  tmii  witb  a  dc]Mv<it  de- 
rived frfMii  the  urine,  ami  tloec  ncit.  yiold  it  readily  to  Soniiig  water. 
The  application  of  wa.'Oiing  .-'Mia  or  of  h<olution  of  ordinaiy  potit.'di  Lt 
irH'lUvlivc,  lint  bydniclilnric  ari<!  in  10  per  wnt.  I'lreiif^h,  ibllowcd 
-Iwirily  by  a  generous  fin^b  of  water,  will  remove  it.  Weak  Milpliurio 
avid,  .-dioiii  '2.'>  jier  <vnt.,  U  aUo  i'RiHent. 

Wash  BftBUlS. — Waf>b  iKU^ini'  are  made  of  metal,  su-  copjier,  eiiam- 
(JK-d  and  gaU'aniwd  iron,  and  of  eariln-nwan*  and  ]iorcc!iiiii.  Motrt 
(imimonly,  Ihvv  mr-  of  ^ilawil  Kirthcnwiirc,  In  sIl«pl^  tliey  are  either 
ciivnlar  or  oval.  The  latter  form  if  generally  pnlerrwl,  a^  it  aflijnl.^ 
more  fpanv  for  (tw  action  of  tbo  ami!'  tliun  a  circular  out-  of  th«  stime 


Plo.  83. 


Fio.  W. 


Wuh  bull)  With  ovrrllnw. 

Oipncit^'.    S)mi- bowls  arc  made  witb 

a  Hushing  rim  at  tlu-  top,  through 

wliich  hot  and  cold  water  are  inlro- 

diimi  t.^rtlKT  on  all  :.i4lc«,  aa.l  thii^    """  •-""  •",l?„r^^;K,^^  Ji«l-«io« 

tlie entire  .■'urfacie  of  tbebfiwl  i;^  more 

iiijiily  kept  ck'Sin.  In  the  ujipiT  part  of  the  oommonest  forei  of  basin 
(m*  Fig.  83)  a  number  of  jwrfonitions  (iS  )  cowiiniinicaiti.'  willi  tlie  ov<t- 
flow  horn  (//)  nHiniTled  witli  the  wa.-nc-nipe.  Ordinarly,  Ihesi'  outlet 
holes  are  uiuible  to  deliver  water  a*  ii»]iidly  Ji»  it  enters  through  a  faiwvt 
with  nio<li-i»ti-  htsid.  and  conMiincmfly  too  much  dtitendentv  iilioulil 
not  bo  placed  on  tlieni  in  the  prcvcnlion  of  ovcrtilliiig  of  the  bacin. 
In  so«n>  bowls.  tJw  entire  overflow  horn  iii  an  intc^iral  part  of  the  tlxl- 
un*,  opening  jnxt  bcnmtb  llw;  phig,  «.«  hImiwo  in  Kig.  f4.  Where 
the  horn  does  not  so  extend,  it!' junction  witb  tlie  w-n-le-pipe  i*  not  iu- 
fr(i|ucn(ly  wnmgly  miiile  ;  wiHiciime;',  it  is  conneotwl  bi'low  the  trap  ; 
sonHrtimeB,  at  the  crown  of  tlic  Imp,  ii>to  or  ticnr  the  vent  pipe-     The 
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overflow  horn,  especially  with  long  use  of  the  fixture,  is  vcr\'  likely  to 
become  foul,  on  account  of  the  soap  &nd  filth  which  become  deposited 


Fio.85. 


Wash  tiulD  with  iMndplpe  [iIub  >nd  OTerRow 


along  ite  inner  surface.  In  fact,  the  odor  which  is  ascribed  commonly 
to  "sewer  gas"  comes  from  the  horn  and  from  the  wnst<;-pipc  between 
the  bowl  of  the  trap.     Another  source  of  odor  of  much  less  importance 


Flo.  86. 


Improved  stand  pipe  oterSow. 


■fte  chain  attached  to  the  plug-     This  grsidually  collects  within   its 
■"ki  the  same  kind  of  deposit,  which  is  removed  completely  only  with 


t\ 


4S2 


BASlTATlOyS,  SCUWiLS,  ETV. 


ctotue  difficult}'  and  much  wniUIiiiig  witli  a  brtitih.     Od  acvoiiot  of  ibe 
fouling  (if  Uic  diiiin  nml  Un-  iiH^nvcnk-iMV  of  Imviiig  it  in  ti»e  wdv  "f 
the  liaod!),  Boiiic  Ibrnis  uf  liatiiis  are  (-((iiippccl  with  a  etandpi|)c,  wh*w^ 
luitH  nit  pitig  Biid  iiv<*Hlow  lit  the  Kiimc  tiittc.     In   Fig.  85  naiAi  oXi 
nrninji^pimnt  is  •'liowii ;  thi'  bowl  [>iv)*iitii  no  iiri'piilarilice  of  [^iirtnr**t 
not  ivun  II  pill};.     Tlif  rtiiiul|ii)H'  /j,  cikUom^]  in  tliif  jiijio  /',  ncl.-  ns  •' 
viilvu  when   it   i!"  dropiKil    into    jilmv,  iiml  th*-  fitqilue   watrr,  riMtifT 
lietwwn  y*  and  ji,  csiajdji  ilutiiigh  the  boleti  in  tin-  iippc-r  extrf-niitv  i->l 
ft.     The  dt'vicc  in  litUtl  liy  n  kiinb,  and  i^  ki-pl  »■(!'  the  f«al  l>y  n 
of  a  iMivunct  ciitfh.     In  thi'  il!  list  ml  ion,  tlio  pluff  i."  off'  ilie  Mat. 

The  priii('i|Kil  ■ilijt'dioti  tii  liii.i  fi>nii  nf  uusti'-vidvo  tr<  thul  ihr  outl 
IB  Hitiiatcd  at  a  miihidcnilili-  ilielatRv  from  tho  outlet  uf  lite  Ih>w1,  :it  a  4 
thv  «-iitirc  niiHhfc  iH-twi'fii  thcM-  two  jH>inls  is  ccrinin  to  hccfinio  tiiua  1. 
Furthennorc.  I'liinll  bile  \>f  linl  and  hair  are  likely  to  he  deposited  nc^sxr 


! 

I 

ity  '-»^ 

outl^i 


thi'  iiiuil  mid  I'.'iut'e  it  to  Irak  iu>  rapidly  lh;il  tho  Ixiwl  tiiniHic  lK>ld  wnt^a 
fur  any  leii^lli  uC  time.     A   U^tlcr  fonn  is  bIiowd  in  Fig.  >iti.     I!i~xifl 
the  tttniidpijM'  overHow  has  \\»  t'tixl  din-ctly  in  tlie  nutlet  of  the  bass  n, 
and  may  easily  K'  }^>1  !it  iind  eleannl.  — 

Bathtabs. — llathtulMi  arc  made  uf  vnrinuf  ninteriii]!<  in  a  number  *>^ 
foniw.  The  linist  jjiiidt,-  uf  tubs  an.'  made  of  porcelain  i>r  of  fix" 
eartbeuware  with  a  \n-a\-\  enamel  nf  jtorcielain.  They  are  nmdc  i" 
various  shn]K'H  and  very  eoiimkonly  urr  doriir»t(?il  .-u^mewhat  ornately- 
They  are  vcrj-  heavy  and  quite  cxpeneive.  The  ptaine*!  varieties  k*  ■*'• 
niont  oommonly  the  rihajN-  t<howii   in  Fig.  87.     Tlwy  are  u.-<unlly  f^ 

FiaW. 


■HZ^ E^ 

{■ortcUla  or  Iron  laihtab. 

upon  libihii  of  ninrblc.     Tubs  of  iron  with  a  lining  of  poroeluin  onai 
alw>  are  made  in  tliin  form.     TlKse  are  fipen  lo  the  objection  (1ml 
enamel  is  ehipped  off  very  easily.      Within  rerent  years,  a  chtap  fi:»' 
of  tub  in  tliiK  sliupe,  ninde  of  nnlinnry  (in  plate,  has  been  in(r»ihi(- 
In  spite  of  the  iron  frame  witJi  which  it  ia  surrwiiiHlMl,  it  w  constnic*' 
veiy  flimtiily. 

The  eommonest  form  of  Ixithtiib  uswl  in  tbis  enuntiy  ts  made 
tinned  and  planished  cop)x'r.  wei;,'))!!!};  from  10  to  21  oimee^  to 
ixiiiitre  foot.  In  I-lg.  88,  thh*  form  of  liih  t.*  sliowo  in  verliea!  (wrti*'"' 
Inasmuch  so  Die  oopjx^r  is  to  nil  intents  ami  purposes  the  lining  '^*  j^ 
box,  it  is  iKOeesaiy,  for  the  rake  (^  ap|ieanuioes,  to  have  an  otitfwLJj 
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casing  of  cat>iuet  work.  The  ordinary  tub  is  provided  with  a  waste 
phig,  chain,  and  overflow,  aa  shown  in  the  figure.  Not  uncommonly,  the 
chain  and  plug  are  supplanted  by  an  ordinary  pipe  of  the  desired  length. 


piu.  88. 


Vertical  aectloD  o(  commonest  form  of  balbtDt). 

which  fits  into  the  outlet  of  the  tub,  and  thus  acts  both  as  phig  and 
overflow.  In  some  of  the  tuba  of  more  elaborate  construction,  a  stand- 
ing overflow  and  waste-pipe,  shown  in  Fig.  89,  is  used.     In  this,  the 

Flo.  89. 


Stanilliig  averflow  irnd  waste-pipe. 


overflow  passes  over  and  into  the  pipe  B  and  escapes  through  the 
bottom.  When  the  tub  is  to  be  emptied,  the  tube  is  liAed,  and  thereby 
the  perforations  at  the  bottom  of  the  inner  tube  A  are  exposed.     Ou 
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tiiv  whnlc,  thi:^  I'nrm  h  in  no  way  .iDpt^rior  to  Um>  onlinnr>'  «itatuliDg 
overflow,  bul  )>r)^o;fM«  ccrtaiD  diaidvanbiecfi  which  do  not  apply  to 
that  di^vico,  wliirli  can  lie  remnvM]  c<oinpl«t('ly  from  the  outlet  tach  time 
the  tii)>  !.«  i-mplicd. 

Other  forms  of  bath!",  int'lniling  the  sitz-bath,  (i>iit-bath,  fJiower- 
Uitli,  iloiichc,  iiiiil  inHilli-bath,  ntn!  bi(ii-U>  arc-  found  ordiuurily  only 
in  the  verj-  elaborately  fitted  bath-rooms  of  the  very  wealthy.  Ae 
plumbing  a[ii>liaiic«.'i  pure  and  siinplc,  they  jMiwi'SM  no  .s[K-<--i»l  hy^«nio 
iiiti.'n;'>t,  the  uiuIUt  of  «a*k--(>ipiT,  trai>ping,  i-tc.,  difFerinf;  in  no  e.«#on- 
tial  ffipects  from  wliat  has  been  <lesfrilHtI  In  nmnivlioii  with  oihcr 
fixtun's.  Thf  !ih<>Wor-l):illi,  which  iinisist*  matnly  of  a  large  sprinkler 
from  which  water  is  delivered  downward  in  fine  gtreams,  is  very  oom- 
□lonly  i«et  ahnvo  the  onliniity  Inthlnb,  willi  a  «<-r(vu  of  v/txtA  or  eiir- 
tain  of  rubber  elotli  or  other  suitable  material  to  prevent  splashing  the 
floor.  SnialttT  arranp-nu-nt.-',  coii^iMing  of  a  ^p^inkler,  .-"ueli  a.^  i«  at- 
tached to  ihv  nozde  of  a  watering-pot  and  a  rubber  tube  to  coiinuct 
with  the  tauoet  of  the  bathtub,  are  vcr^*  commonly  used.  If  desired, 
the  rubber  tulic  nmy  be  iitlacUwi  to  a  mixing  i)i(K',  which  in  it.-*  turn  i.*t 
attached  to  both  cold  and  hot  water  laueets,  and  thus  the  temperature 
of  tin-  shower  may  in-  rcjjiilitt^ti. 

Sinks. — t'lidcr  sinks  are  included  pantry  einki>,  kitchen  sinks,  and 
slo[»  sinks.  The.se  are  made  of  various  mt^ls,  including  cast-iroD, 
enamelled  iron,  otvel,  and  oup|H.T,  and  of  soa])stone,  slat«,  «iirtbc!iiwsrc, 
and  pon^eJain. 

Cast  ii-on  is  easily  kept  clean  with  onliiiary  care,  but  on  account  of 
danger  of  thi-  bn^ikin^  of  dushc-ii  and  other  arlieles  which  are  warhed 
or  othcrwis«  handled  in  them,  u  grating  uf  woihI  not  uuoomnionly  is 
lai<l  on  the  Uittorn.  This  <-asily  bcei>mes  foni,  ]iart!cularly  if  it  is  al- 
lowed to  stand  in  (he  wH  ?ink  when  not  in  aclniil  nsi.-.  All  .--uoh  grat- 
ing should  I>e  kept  scrupulously  clean,  and  when  not  actually  iiMnled 
in  the  i>ink,  should  be  hung  up  in  the  air. 

Enamelled  iron  is  mudi  more  desirable  tlian  plain  iron,  and  prvwnts 
a  much  Itctler  iip[)ciirance.  Unfortunately,  however,  the  enamel  b  veiy 
easily  cmrked  luid  detacher]. 

St<*l  sinks  are  not  .so  durable  as  ordinary'  cast  iron,  but  the>'  are 
light  uu<I  olH^p.  They  arc  vcrj-  oouitnoiily  enaiucllcd,  uod  iliwi  they 
are  necessarily  open  to  the  objection  above  mentioned. 

Tinmxl  and  pbnislHil  copgier  is  mucli  Used  for  |Kiiiliy  sinkii,  which 
are  made  commonly  with  rounded,  hut,  better,  with  |>crtet'tly  flat  bot- 
toms. The  copper  should  have  a  weight  of  not  less  tbao  18  to  24 
onnoeii  per  i^uarc  foot. 

In  some  quarters,  soapstone  b  the  favorite  material  for  kitchen  sink^. 
Onlinunly,  il  l*  ipiilc  durable,  {Kirtieularty  if  it  has  liet-Ji  .subjected  to 
a  preliminary  oiling,  bul  souh'  specimens  show  a  teudem-y  to  disinte- 
grate very  rapidly,  and  to  become  so  pitied  as  to  pre.seDt  a  hone^'combrd 
uppcaruDce. 

Earthenware  sinks  are  thick  and  heavy,  and  present  no  advantages 
over  itonpetonc. 
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Poni'lain  is  expneive,  and,  if  tbio,  ta  easily  broken.     It  Li  not 
vxli'».*iv<-ly  U!*eil  In  ordiiiiiry  AnU*. 

All  Miiku  )ihout<l  Iw  |ii-<ivi<lH]  witli  a  not  too  fine  DtmJner  over  tlie 
ouilet.  Kilcliea  ainl  pitnin'  .niiikit  are  cnnnet-toil  U^f.  with  ii  gmuM) 
tmp.  Tli«  uiiaDioi)  prmiici'  of  (iiiwtriicting  <tii]ilioaril(i  «r  clitsebi  Ix— 
iiratJi  sinka  eboult]  l)e  (liimt unified,  .nince  tliese  i<{)uc('.'i  aro  commonly 
Riainliiini'd  iw  i-lntli>r-liiili.s  in  wbiob  to  r^tun;  tim^tiNlutl  |>(»t«,  kctllcd, 
I  and  nllior  ntpn^ls,  nliidi,  in  unclean  oondiiion,  would  not  lie  tolt?nlt(^l 
H  in  ptisitiotis  when*  tliuy  ni'e  open  to  inHjMt^iinn. 

^L  ,  House-nwlda'   dnks,   commonly   known   as   slop   sinks,   arc   located 

fpMBcmlly    in   .«mtill,  dark,  nnventilnli-d   rloncti    in    tlx^   ii]i|icr   i-lnry, 

TTiic  fi>rm  of  fixtiirp  h  miido  nitlicr  diTptr  than  an  ordinary  wnk,  and 

I       \*  sitmetimes  !ibi[Hil  liki^  n  Iiopjx-r.     TItry  aiv  niadi?  Ikwi  with  a  (liish- 

H  ill);  rim,  which  will  iii«!^i<t  in  ki-epin);  the  cntirv  Mirfai'u  cknn  and  frco 

"  from  odor.     On  jiccoiint  of  the  nature  of  the  refuse  poured  Into  tlieee 

rKvpl«i'loi«,  and  boaiiii*  of  the  si^Tjit  ]iriilHiliility  nf  the  occiirnmw'  of 

spliiHliin);  when  vessels  are  emptied,  these  i^inks  arc  often   estremely 

fmil,  nnd  tin;  rinwts  in  whii-h  liny  fire  plai'inl  aro  then  always  neci-S- 

sirily  otTeiuive.     The  greatest  eitre  is  ni<vcs6ary  to  in!iure  clrainlineBS. 

H       tdlindry  Tnbs. — T>aiindn'  tnhs  aiv  made  of  pnictiiTally  Mm  Mime 

Binali-riiiU  as    oinks.     The   ehi'a|x->it    kind    is   niadu  of  i^tont   (ilanking 

with  well-fittinj;  joints  drawn  tight  by  iron  bolts.     This  form  w  not 

»vury  dnr.ible,  wticc  tlio  nltcniatc  drying  and  wetting  whui  ruins  the 
joints  and  caueea  the  wood  to  decay.  Thofie  mode  of  porcelain  and 
Cart  hen  wari.-  nix.-  heavy  nn<l  expensive,  hiil  are  very  dnndilc  and  rtwlily 
kept  clean.  Tlic  •uxin<ttoDo  tub  if  reganled  jienomlly  as  the  most  satis- 
Itiirlor^',  hilt  it  ■should  Ix-  tn.'iilf  of  nialirial  of  the  best  i:|iiality,  hineu 
iilliiTwtx-  it  Ik  liable  to  chip  and  crack  uU'  from  constant  vuntnct  with 
hoi  water.  All  enain«IIed  tulLt  are  likely  to  law  their  enamel,  whicJi 
^i»  M'juiraiiii  ■■awily  from  ihe  metal  and  chippeil  off. 
B  HoDse  Service  Tanks. — With  mn^t  |>tiinil)iii^  systems,  it  ih  essen- 
tial lluit,  in  (111-  iip|icr  ])art  of  the  KtiiMinir,  idwive  the  fiijflii'st  fixlnre, 
tb'Te  sliall  l>e  a  wrvice  tank  to  feed  ilie  hot-water  boiler  and  the  vari- 
^^  flushing  eist<>ni9  oonni^-ted  with  wat«r^*Jo.sete  and  other  tlxturcs, 
taiiks  are  commonly  placcii  in  (HMitions  whore  awess  to  them  ia 
easy,  and,  in  eon!*"pience,  tliey  im;  an  a  rule,  examined  very  infre- 
luniily.  No  matt«T  how  nircfidly  llicy  are  coveri'd  and  n'tpinil(~is  (if 
'lifkindof  water  that  enti-r4  tlieni  for  storage,  they  accuiniikite  more 
*»l<iw  diiit,  dirt,  organic  matter,  and  other  wilimont.  All  tlii.*  adberce 
t>i  and  Hoeunmtates  on  tlie  Utttom,  formr^  a  ."limy  coiit  \i\mn  the  nidefl, 
Imlth^TB  remains  until  removed  by  Humr  r-\ternid  fon-e.  It  is  luirdly 
Iwf^iviry  to  say  that  this  condition  <li<>idd  not  be  [K'rniilted.  The  lank 
^luHiId  Iw  ins])oelcd  jjcriodieally  and  thoroughly  eleaneil.  Fortunately, 
'*  '»  noithcr  neoetMury  nor  eui'toinury  in  onliimry  ilwcUitigs  to  um  wnttr 
■Wi  the  service  lank  either  for  drinking  or  for  cooking,  j^inoc  the  eold- 
^l«r  ■«cr\'ioi-  ]>i|iO!<  i^nniift  dinvlly  with  tin-  stre^'t  main,  and  are  tapiKil 
^t  !nler\-als  with  faiicetf  and  teriniruite  at  the  tank,  where  their  ilelivery 
*))  rq;ulated  by  meao.'i  of  bull-(.vek».     Inasmuch  as  the  n'utcr  from  tht> 
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tank  \f<  not  unnl  for  drinking  and  cooking,  excep4itig  in  bouMs  uotcoo- 
ni'L'U-d  with  the  public;  »ti[»])I}',  l)ut  !>ctv(n)  from  n  liiuk  tillHl  (teriwlii'slly 
l»y  puinplnt;,  it  malie«  no  ven-  gn^t  diBerence  from  a  liygienk-  staiul- 
)Hiint  of  what  miitt-riid  tlio  tank  i.i  biiitt.  A  vi-n*  giNMi  tunk  is  nuiili- 
of  rivi'twi  iron  jilnttfi  linwl  with  pr-mvnt  of  pro|xT  ipiidity.  Woodt-n 
tanks  are  much  oscd,  and  give  flatintaction  if  they  ixtv  \ii-\A  full  uiid 
clean.  Tliv  tank  which,  on  thi-  whole,  is  vaoA  aitiffiiHun-  is  uonEtructHi 
of  wood,  wifli  the  sides  &eciirc<l  to  th*  ends  by  long  holts,  and  liiM-d 
with  titn)i-d  r(>]i|)cr  of  good  weight.  I^nd  fonim  a  \ywt  lining,  for  it  \» 
comiditl  (al^ily  by  water.  Gnlraiiiztnl  iron  and  i^bo-t  zinc  al^i  make 
[tiHtr  lining  niatvrial.  In  large  oHitv  buildings  in  whiob  all  thi-  fi.Mimv, 
including  tlioee  frutn  wlni-b  n-ater  fur  drinking  is  ubtaim-d,  iir^  »ipplieil 
from  ii  main  tank  in  llii>  u])j>cr  t>tory,  it  in  adviH.-ibk  that  tltc  lining  of 
till-  tniilc  slionld  ixr  of  tinnt-d  cop|>cr,  and  nndi-r  no  circiuitHtJinouii  eliouli) 
it  Iw  of  lead. 

Service  Pipea. — 'I"ho  method  of  iurtalling  tlic  water  ktv'kv  is  of 
slight  interest  to  Uie  hygieiilit  and  retiuires  no  duictission,  tUe  n»tiirt!? 
of  tbr  ]>i|M.^  having  Ixrn  eiinsidcri'd  in  another  <^lm{>tor;  but  then-  is 
on«  minor  trouble  ci>nnceted  wJtli    tbem   which   niKV   l>e  u  eiiii^  of 
gri'ut  annoviince,  (-ijK-eiiilly   to  jM-rsont<  of  mrvoiis  or  irrilnble  luilnn'. 
TliiT>  trunblr  U  conimouly  known  u^  \f^t1er-hit>nmrr,  ui>d  if^  Fomrthiiii 
more  than  an  annoyiinee,  since  its  oncurrenee  has  a  w<iikcu)ng  i-flW- 
oil  tiie  entir<'  pip-  r"y:»tiiii.     Thi*  is  th<r  <juivcring  and   rattling  ttuL 
occur  fi-oni   end  to  end  when  the  current  of  water  within   lliem 
chwliwi  »iid<lciily  by  Ihe  i|uick  cbisiirc  of  a  cock  or  valve.     In  onk 
to  prevent  tbiii,  it  is  necci^iuinF'  to  make  Home  provision  for  a  cushio: 
particularly  whcrre  tlie  wiiter  pn-iisiirc  Lh  very  gnut.     TliiM  not  infn 
(picntly  ruDH  as  high  lo^  a  liundrctl  potindi-  to  the  Mpmre  lueh,  uic- 
«vt-n  liiglHT.     To  ciwhiou  t!»e  blow,  an  air  chamber,  commonly  huu^^mIc 
by  turning  tlic  pipe  upwai-d  f()r  a  foot  or  two  alHivt-  tliP  cock,  w  uw     -^. 
This  ejctcueion  will   at   the  outset   contain  a  volume  of  air,  wbie--^^ 
on   being  eomjire.>*»i.'d   by   the   foivc  of  the  >vnter,  niaki^*  nu  eln»«^V>c 
ciii^iion.     Sometimes,  bowe\'er,  the  air  originally  contaimtl  beconi   — -^ 
gradnalljr  absorlH'd  by  tlie  water  which  is  driven  into  iIh-  chambi=  -% 
nnij  ttiiis  it  bwonuw  rcpbirwl  by  wutcr  nnd  tin-  cUMhlon   is  ilculivyi—    "^l- 
In  such  an  event,  it  is  well  to  ijmt  off  the  water  and  emjtly  tin-  pi[^^** 
w*  that  air  may  again  litl  Oie  cbainber.     Another  form  of  uir  clMinlw— -"■ 
recommended   is  made  by  extending  the  pi|>e  with  a  piece  of  Inr;;—    ^r 
diameter,  coverwl  at  the  top  wiili  a  tightly  lining  senrw  in]i.     Witb*      "    , 
this  ciiteui'ion,  nmy  In-  plnceil  two  or  more  nibbcr  IxdU,  upon  wlii^^^B 
tlie  force  of  the  blow  of  the  watei'-hamnu-r  amy  Im-  fx[M-iulc(l.  ^ 

Water-hammer  of  a  most  nnnoying  and  pt-ndi'lent  kind  is  oeca^lon-^*^ 
often  by  Ihe  t>>o  easy  movement  of  a  light  ba!I-«:ock  (■ontrolllng  *  M 
eiinvut  of  high  pi-essure  in  a  Hriiall  lank.  For  exiimple,  the  wati-r  *% 
till?  tank  bwonies  lowend  llirongti  ihc  use  of  some  tixturt*  below,  X.-'^^* 
biili,  floaliiig  on  the  surface,  ojwns  the  valve  of  the  ctx-k^  and  water  _J' 
admitted  to  take  the  plnce  of  timt  which  Iiilm  U-en  drawn  off.  T^^' 
water,  entering  with  much  fon*,  set*  the  whole  contcntt  In  niotios:^''! 
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IHBall  u(  tlirown  up  and  shute  utf  the  water  uritli  great  eiiddeDiia^ 
ancifills  iipiin  ;  unolliirr  ji-l  nf  w«t<T  is  llm)Wii  in,  ami  thiiH,  with  itlttT- 
iiate  <|iiick  jets  and  moveaicDt  of  the  ball,  tiiu  LamuKTHi^  cuiitiotifs, 
iiDtil  tinally  (lie  level  of  the  wnter  bai«  lM«n  n>;it()ri:-d  to  its  nrigiiiiil 
point. 

Testing  Plumbing.— Tig)  ilnesH  of  joints  tliroiighont  a  system  of 
plmiiliing  may  be  dfttniiinttl  iu  Bcvenil  ways.  Km-  twlinj;  the  jointtt 
of  ^)il-pijR'i?  iiud  main  drain.<,  a  niosl  important  and  srarchiiig  Xem  is 
that  known  as  the  natcr-pri'ssnro  test.  'Hiis  i«  sippiii^^i  liilnri-  any 
fixttiTLii  Iiavv  Im-i>ii  jdukhI  to  the  wasteti  and  soil-pipe.  All  outlets  are 
closed  with  appropriate  plu^,  made  for  the  pur|Hi)fe  and  kept  in  plaoc 
by  melius  nf  bolt.-*,  iiiiil  Ihen  the  entire  pipe  with  its  branches  is  tilled 
wilh  water.  Should  there  be  leukji  in  any  fwrt  of  the  fysUnii,  the 
faet  will  Ix.^  iriad<^  iiuniif(v<t  by  the  iiinking  of  the  water,  and  the  points 
of  escape  may  easily  be  found  on  ini^peclion. 

The  othi-r  melli<H)»  applii';ihli>  to  die  entire  system  include  the  smoke 
test  and  the  )K.'pix'riniiit  test.  In  tlie  *iiioke  test,  the  system  is  tilled 
wilh  smoke  by  meMiis  of  a  device  known  a^  an  asphyxiat'>r.  If  leaks 
exist,  the  liiet  will  be  made  evident  in  Iwo  ways:  first,  to  the  sense  of 
smell ;  second,  to  the  sense  of  sight.  Besides  the  a(?phvxiiitor,  ii 
number  of  other  deviee;i,  ineliidini;  itie  smoke  roeket,  have  U«n  in- 
vented. The  common  method  of  te^tiug  plumbing  in  this  country 
is  known  ii:s  the  (leiijuTmint  te.-«t.  For  tliiii  Iwt,  the  pivsen<'0  of  two 
persons  is  neecssaiy ;  one  to  apply  the  peppermint,  and  the  otlier  to 
detect  its  presence  in  the  air  of  the  building.  About  two  ounce*  of 
oil  of  pep]M-rniint  are  used  for  each  stack  of  soil-pijieii.  This  very 
pnii)^-iit  oil  kIioiiM  he  earned  thniiif^li  Uie  house  in  verv  lig'htlv  c()rke<l 
vials,  in  order  that  no  odor  shall  be  given  off  in  transit.  The  vent 
ojienings  arc  elowtl  fii-st  with  pings,  and  tbc  oil  of  |M-p[H'nninl  is  ibeii 
poured  into  tlie  soil-pi|>e,  and  is  followed  by  a  quart  or  two  of  hot 
water,  to  a.s.-dst  it-s  volatiliuilion.  The  outlet  is  then  eiiised  Heeiiivly. 
On  aceount  of  the  clinging  ^nullity  of  the  odor,  the  jNiniiou  who  emp- 
ties the  jH'jijHTniiiit  should  riMituin  <m  the  roof,  wilh  the  seuttle  elosefl, 
until  thorough  inspection  of  the  premis»!  has  been  made.  The  vapor 
of  the  oil  ]«TiiieJiU^s  all  parte  of  the  soil-pipe  and  its  connections,  and 
in  owe  of  defective  s«d  or  any  other  imjK'rfcclion  in  the  fystem,  it 
escajtes  and  makes  its  presence  known  in  the  rooms  tlirough  its  eHeot 
on  the  si-nse  of  smell.  During  the  examinHtion,  it  is  imjiortont  that 
no  water-closet  be  pulled  and  that  no  bowl,  bath,  or  sink  be  used, 
ainee  thereby  the  whole  of  the  (iej>[>eririint  may  Ixr  driven  out  of  the 
system  into  the  sewer. 
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TnB  coni]Ki)iition  of  iwn-iigc  varius  nooording  to  the  charAoter  of 

community  hy  wliicli  it  is  |>«xliio«I.     To  the  ky  mind,  tbc  wtuxl  wo- 

vvyn  thv  idi-u  of  u  mixture  of  iiritip  and  fiK-i«,  paper  and  burnt  iimtclK*  > 
with  ^t-aHtc  Iron)  liatliH,  Wikih-nt:ii)dii,  Iimndrics,  mid  kitvIivii-Minlu  ;  ihit-  — * 
it«  onliti^ry  tlomc^tic  sewage,  and  may  Ix-  lakai  as  ilie  lr|H-  of  M-wap:^^ 

of  districiti  that  an:  purely  retiidi-nttid.     liu)  t]w  wwsgc  of  ii  liirp?  com = 

niiintty  in  which  all  iiiuniicr  uf  munuGivturiug  is  carried  od  is  nw<-j      M 
sarily  of  a  nn>at  <-nmp)ex  oliaract<^r,  containing,  n.t  it  don*,  in  ndditiorrHi 
to  diini(!stio  wti.'U',  ihal  which  i»  in!iD|Kinibly  <-<}nnift«I  willi  iho  varioust 
induct rii-H.     Mort'nvcr,  it  in  ever  clmn^iiig  with  incrfascnnd  diiiiiiiuli< 
and  diiingfs  of  ;ill  kindH  in  nianitfactnnii);  activity. 

E»liihli»iliiiK'ntM  liko  ])aper  mill»i,  tanncxifiA,  dyc^b'>UM'!i,  nnd  woolli 
mills  pnxiucp  cndrnums  umountj!  of  ^i-Mnigi'.     In  fiict,  ii  nnglu  one 
(jiiiti.-  wiimbic  of  producing  as  much  as  that  of  a  fairly  largt'  town,  un^^MJ 
i<tioli  nianufarinring  kwii^*  uIUii  (■•nitninM  niiKrli  inort-  organic  nnd  olh 
mutters  tlian  domestic  i^pwagc,  which,  in  pnrely  retiidcntial  districts, 
of  fairly  cunictADt  composition,  and,  where  the  wiit<>r  Mtpjily  is  abu 
(Lmt,  pontaina  hut  a  small  fraction  of   1    [wr  ocnt.  of  organic  nialtt 
But  it  is  in  thii>  vciy  Mniill  [M-ivi'ntiigi>  that  the  cnjiucity  for  prnduH 
mist-liief  rwidcs,  for  the  nioft   important  contitiiiicnte  of  wwagc 
ItiHM:  which  in  any  way  may  bt-  the  cause,  diret:t  or  indinvt,  uf  injuno- 
efieots  on   health — that  is,  organic  matlCT*  connpclwl  with   iiifccti 
dl-HiiHT*.  ntnl   hciHv  ni'iatly  to  lie  found  in  opdiiiar>'  diHiii'^tic  wast* 
Inrhistrial  «;wage  is  of  wcimiliity,  hut,  ticvcrlhcUvf,  in  many  way*,  "f 

great,  i«i|M)rt«nce,  for  its  nature  may  W  such  as  to  make  separate  tre;?-  ^^■ 
ment  ncccjwary,  becuusc  of  its  action  on  the  life  of  (i>h  in  riverc,  n=^  ™- 
on  that  of  the  orgiiiiiNms  wliich  hring  about  purification  by  nidb' 
to  Ik-  ricscrihi'd.      It   nmy  <v>ntuin  all  manner  of  cln-micol)*,  dywluf 
and  other  matters,  and  he  repugnant  to  sight  and  smell. 

The  iin)Hirliiiie<'  of  nimival  and  dixpoKid  of  filth  wt-iU  no  ehtciil 
tioii.  Kenioval  shmihl  he  speidy  and  linal  <li)'poNil  so  thorough  ii" 
remove  completely  the  possibility  of  injnrioufuy  aSeclin^  Iteallli. 
ohonhl  not  be  utored  on  the  ]ircmiscw  in  cc««|khiN,  a"  Is  «i  oonimnin 
the  practice  both  in  small  and  in  many  large  and  densely  jHipulat* 
pincw,  whethcT  tluwr  be  of  the  Iwiching  sort  which  dndn  their  c<inU'i« 
cooalantly  into  the  subsoil,  or  the  far  less  object  ioniibie,  hut,  neverth 
less,  ohjectionnble,  tight  pits  with  wmentwl  fuVv.  und  holtomis  in  wlii( 
the  content*  arc  always  in  a  omdilion  of  put  refaction.  Tlie  use  of  th 
eort  necessitates  more  or  less  friH|u«iit  eniptying,  which,  untusM  done  !>• 
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the  "<xIorlc*i»iexpaviitioii  "  viKlioii  ii{>|KinitiiH  (and  «>mctimes  even  then), 
jjivc!*  rise  tn  intolerabli-  stench,  not  conlinFcl  to  tin?  immpdiulc  neighlmr- 
liooil,  but  ili»s(![niniiI(Hl  ovir  :i  wiili-  :iit«. 

Aii  will  be  shown  later,  tr»^li  M-wagi-  may  Ix'  dif^[K)!«itl  of  m  as  to  lose 
it*  ctianiCt<'r  «im[»lft<'l_v,  witlunii  iimliTjioing  tlie  pnictshcs  wliirli  ivc 
dcsignate  coHertivdv  iw  iititrttin'tkm.  Ir-  nrj^iinii-  rciii.-litiK'iit.«  ate 
w^^iwil  njinii  Iiy  niifiti-oi'gjiiiiiiin,-  wliieh  \vi>rk  in  ilu>  pi-c-^enw  of  tiir.  anil 
tbev  are  converted  to  iiKilVtiisivi-  Imrmiivs  prixliu't-"  wliii-h  jiutifit**  till' 
odaitiiinid  projxirty  of  being  invaluable  plant  t'oodi^,  such,  for  ini>tau«>, 
as  thenitrateii  of  pota^Miilin  and  Mxlinni.  But  when  filtli  is  conwrvtil 
in  pitx  so  liijit  only  iti*  npiM-r  Miri'ai*  is  exjuiwd  to  llie  oxy^^n  of  the 
air,  its  tli-conipoi-ition  i>^  ctlertcd  by  a  variety  nf  organism^  "!'  a  dllHr- 
«nt  cla'M,  whioli  work  without  air  and  produw;  entirely  difTerent  elieni- 
ical  uonip<iund«,  iuchiilinfr  hyiirogoii  eulphidf  mid  uther  noi.'<om<!  bodies. 
Although  sew;igo  wliifh  has  underj!i)ne  piilrefai-tive  clmngt*  nmy  yet  be 
actvil  ngion  bv  i\w  iK'nt-tiivnt  nilrifviiifi  onj^iiiii-'ms,  it  U  beat  to  get  rid 
of  it  Iwfore  «ueh  changes  li&'ijnie  aflvaneixl. 

IViiiiv  prcxx'i^lin;;  to  thi-  con^itk'nition  of  the  x'arious  methodn  of 
diqMMuil  of  excrctti  and  other  wai^tei^,  it  may  be  wt;Il  to  look  into  the 
matter  frnm  an  cconomie  T<(:nid}Hiint.  It  is  very  commonly  the  case 
thai  thf  ((nevtion  of  mctho'U  to  be  a<l*i[»ti.xl  is  infliienwd  larp-ly  by  the 
hojM-  iif  gain,  for  it  is  :i\ioinati<-  in  tin-  mituls  of  many  thiit  mimii;ip:d 
wwage  is  (Riwesscd  of  fwh  ininieiiHe  nmniiri;)!  vsiliit-  timt  ilft  dispiiNil 
without  previcnis  treatment  for  the  purpose  of  reelaiming  its  valuable 
»iii«titueDt.«  is  "inful  wjistefiilnes!.  This  idwi  lui«  doubtless  never 
lux'U  more  foivibly  iMLpriwsi-d  than  by  Victtir  nng<\  in  the  fnllowing 
pawwijie : ' 

"  Paris  casts  twenty-five  millioiu  of  francs  annually  into  tlu-  s«ii ;  and 
We  asHcrt  this  without  any  mclaphor.  How  «>,  and  in  wliiit  way  ?  By 
day  and  night.  For  what  object  ?  l''or  no  object.  With  w  hat  thought  ? 
Without  thinking.  With  whutobiii't?  None,  Rv  meunsof  wliiit  orfjans? 
Iti«  intestines.  What  are  itc  inteiHtines?  lis  sewers.  Twenty-five 
inilUom*  are  the  most  iniHli-niti'  of  Ihv  upiiruximntivi'  aniuuutif  given 
by  the  estimates  of  nifxlern  science.  Science,  after  groping  fop  a  long 
time,  knows  now  tliat  the  mo-t  lertiliKiiig  niid  eflwtivc  of  mimitn-«  is 
hiimiin  manure.  The  Chinese,  hc  ns  say  it  to  our  shame,  knew  this 
before  wi-  did  ;  not  a  Chinese  pi-3saiii~it  is  Kcki-lierg  who  sliit<-s  the 
Biel — who  f^n-s  (o  tlic  eity  but  hriit(j*  at  either  end  of  his  iMmbou  a 
bucket  fnll  "f  what  we  call  filth.  Thanks  (o  the  human  niaiiun-,  tlw 
soil  in  China  is  still  as  yoiilhfiil  a,«  in  (he  days  of  Abrahiim.  and  Chi- 
nese xvhcat  yields  just  one  hundred  and  twenty  fold  the  sowing.  There 
is  no  guano  eom[iurabk-  in  fcrtJlity  to  the  detritiM  of  u  uipiljil,  and  a 
larjjo  city  is  the  strongest  of  stercorjries.  To  employ  the  town  in 
nutnuring  the  plain  wouUi  1h;  wrlain  snl^(H•^'< ;  for  if  gohl  tx-  dung,  on 
llip  other  hand,  our  dung  i^  gold. 

"  Wliat  is  done  willi  this  golden  dnng?     It  Is  swept  into  tlie  gulf. 

Wc  Hond  sX  a  grvut  expcnw  fleets  of  ships  to  collect  ut  the  southern 

'  LvB  Miwrablo,  {ait  A,  book  i. 
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pole  the  gimiio  (if  pelrt'l.-*  mxl  [H-npuiiii*,  hd<1  v»»i  iutu  the  Mia  the  incal- 
culable element  of  wcntth  which  we  have  under  our  hand.  All  llw 
buinnti  und  nnimnl  iiiuiiim^  which  the  wm-id  lii!>c'!«,  if  rcturnod  to  lund, 
instead  of  being  ihrowii  into  the  wa,  would  suffiee  to  nourish  the  world. 
Drt  yon  know  wluil  those  |>ilfs  of  onlnre  me,  wdlwttil  nt  the  corner* 
of  strcctii,  those  eart*  of  mud  ejirriwl  oil'  nt  nif;ht  fl-oni  the  Btreeti',  the 
frightful  t)ari'el.4  of  the  night-miin,  nnd  t\w  fetid  ^trcHmf  of  i^Hbtemi- 
D«in  niuil  nbieh  the  [nive4iient  coneeidi^  front  you?  AH  thia  i»*  n  fluw- 
erinj;  lield,  it  i.t  ^yt-n  graiv^,  it  k  mint  iind  thyme  iind  fivf^,  it  w  f^mr, 
it  is  eattle,  it  J*  tin-  siilii'Iit^il  lowing  of  heavy  kino  at  ni^ht,  it  is  [ht- 
fumeil  hay,  it  is  gild(<<l  wheat,  it  in  breiul  on  your  tuble,  it  is  warm 
lilood  iu  your  vcinis,  it  is  heultli,  it  is  joy,  !(  is  life. 

"So  dt^irex  that  mysteriou-i  creation,  whieh  i.*  imn^fonimtion  of 
(«rth  »n<l  tramffignnition  in  heaven  ;  rei'torc  thii^  to  the  great  crucible, 
and  your  abundance  will  wsue  from  it.  for  tin-  luitriiion  of  the  j>!:iins 
jirodin-ir'  the  nourishment  of  men.  Vou  are  ut  liberty  to  low.-  this 
wealth  aud  consider  me  ridioulnu.4  into  the  Imt^in ;  it  would  Iw  the 
ina.'^l('r)ii(N^  of  your  ignorance.  Statwtie*  iiavc  cjdcndatt-tl  llmt  I'nuKy; 
ulone  pours  cveiy  year  into  the  Atlantic,  a  sum  of  lialf  a  milliant. 
Note  this  ;  with  tlKt»e  tivc  hnndRiI  niilliouv,  one  quarter  of  the  exfiVtUM 
of  the  budget  would  be  |>oid." 

Concerning  the  fertilixing  vulue  of  liiiniun  (-xi^rcdn,  tliere  can  be  no 

doubt ;  Iml  when  thetie  are  diluted  to  xneh  an  e.vtent  thnt  their  organic 

con.-'titnent--'  amount  to  less  than  u  thoiu'dindth  jiarl  of  the  whole,  it  nai- 

Lnratly  followfi  that  to  reelaim  them  in  concentrated  form  involves  an 

'expcu!*  whieh  may  be  Jiir  in  cxees-  of  their  vulue.     A  jinhstumt-  which, 

in  hand,  \»  of  intrinsic  value,  may  be  m  situated  that  its  acquisition 

tby  ordinurv  known  mitm-'i  ciinnot  be  jiisttfiHl  Ixvause  of  the  attendant 

Fpeminiaty  riAk.  and  then,  and  until  other  Ix'tter  means  nre  devi^eil,  it 

i*  ]irncti«diy  worihhr«>.     For  ex»ni)ih',  many  districts  almund  in  roekii 

containing  silver,  gold,  and  other  uictuls,  but  in  fueh  I'mull  amounts 

tliat  llu-y  mnimt  \w  worked  with  profit ;  therefore,  so  far  as  incrmsing 

L  material  weidth  i'-  concerned,  lhc«ie  ores  might  us  well  W  at  tJic  t>ottom 

f  of  tile  »t«.      Hut   in   the  ease  of  .sewage,  the  difiiculty  is  increased  ^till 

farther  by  tJie  fact  tliat  the  manurial  ])nKlnet  is  not  usaWc  on  the  i4[K>t, 

but  must  undergo  trunspurt-ition,  which  is  costly  in  giroportiou  to  the 

di(slnnc«. 

A  fair  estimate  of  the  x-alue  of  the  manurini  mattery  (imtnincd  in  u 
ton  of  omile  sewage  of  aveiiipe  C">m[n»itt(in  |iIaiv-->  it  nt  soniewliat  less 
than  four  cents,  an  amount  so  small  as  to  a|>pear  won>c  than  ridieulnuit 
wlieti  we  eonsidvr  that  it  i?  dilulttl  by  a  volume  of  water  equal  to  about 
six  barrels.  The  value  of  the  sew'age  of  cities  with  a  vciy  abundant 
water  iiu|>|>ly  w  even  h'^*  than  thi.-«.  Thus,  that  of  IWlon  ban  Iweii 
estiniatixl  by  the  Mar^^ehu^lts  State  Boanl  of  lUidlh  U>  Ije  about  one 
Cent  |KT  Ion,  mill  tliat  of  New  York  is  said  to  be  even  smaller.  Tti 
I  separate  this  small  amoimt,  tlM-  iinploynient  of  »fome  ehemical  is  neces- 
liary.  The  rcMilting  eoniponnd,  known  as  sludge,  has  a  certain  x-nluc 
iu  agricultural  opentiuus,  but  tliat  tliat  valin;  is  not  such  as  to  warrant 
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the  cant  of  handling  and  transportation,  is  most  i-vidtnt  wht-n  it  in 
xtntwl  thut  u"  II  mil-  it  finiU  no  market  at  any  price.  In  London,  for 
instance,  tliousand^t  of  tons  of  wot  fjluiipc  aw-  prixliicwl  *'vcn-  day,  rmiit' 
(lian  2,00O,tXiO  yi^irly,  and  anybody  who  wantf<  il  can  have  it  free  of 
charge ;  but  nolwdy  can.«  cnougti  lor  it  lo  tninH|Hirt  it,  and  Ucna-  it 
has  to  tic  oarritxl  far  ont  to  sea  to  Barrow  Deep,  fifYy  miles  aw-ay,  and 
*luni|)ed. 

In  conBidcriiig  sewage  dis]>osal,  it  should  Im-  Irornc  in  mind.  lhen-(i)rf, 
tliiit  it  is  a  |>ositivc  piililiv  neeen^ity  a.-i  much  a.><  jioliet-  and  lire  gtatrol, 
that  it  coati*  raono)',  and  that  it  cannot  be  a  sourtv  of  ineume  ovir  ex- 
IM-nditnrt'.  No  (Vimanmily  exjieet.-*  a  jH'nniiary  n-tiini  ou  an  invest- 
ment for  steam  fire-eiigiues  and  hijise  rarriap.-:",  or  for  rvVulviTK  and 
{toliet!  stations  :  sudi  are  necdni  for  the  protection  of  life  and  property. 
So,  too,  a  system  of  sewerage  and  scwajji'  iHsihiwiI  i-<  nwessary  for  the 
|irot<'etinn  of  health,  and  ia  not  to  be  treated  as  though  primarily  in- 
tendol  aw  a  source  of  public  revenue,  iilthonjih,  of  iiuirsc,  any  nrturn 
which  niav  he  jwtssible,  either  fritni  sale  of  sludjie  or  crude  sewage,  may 
Ih>  r(^ird<.-d  an  a  wMomc  tliininution  in  the  cost  of  niaintt-nanoe. 


METHODS  OF  SEWAGE  DISPOSAL. 

The  metfaods  of  dir^iwwd  of  exrr^-la  and  wwajn-  inelude: 

1.  T>i.4c)iaiye  int»)  the  sea  or  otlwr  bodies  of  water. 

2.  The  "dry  njctliix),"  or  |)ail  syiiteni. 

3.  Chemical  treatment, 
■i.   Irrij^itioii,  or  "wwam.'  fanning." 

5.  Filtration. 

6.  Other  biological  systems. 
1 .  Discharge  into  tiie  Sea. — In  oomtimnities  on  and  neitr  the  coast, 

it  is  a  companitively  easy  matter  to  (f<ft  rid  of  si-wage  by  disi^iargiiig 
il  into  the  iHieiin  and  liavirif;  it  carriitl  awsiy  by  the  ouifitiinj;  tide.  If 
it  W  discharged  in  a  fivsh  condition,  it  heeonies  so  enormously  dihited 
in  a  very  short  time  ihul  only  undiT  exivptional  eircunistanoes  can  it 
ever  Ijc  n  nuiisanee  in  any  way.  This,  of  course,  presupposes  a  reason- 
able rise  and  fall  of  the  tide,  and  does  not  (■onleniplntc  sneli  ^lifrht  dif- 
feri'Uifs  as  ii  timt  or  «o.  With  slow  movement,  less  than  one  and  a 
Iialf  miles  per  hour,  deposits  aii-  niort*  lliiiri  likely  In  Im'  fonniil,  and 
nui-^nec  thus  cniised  must  of  nt^eessity  increase  with  time,  and  espe- 
cially witli  incn>a8e  of  sewage  due  to  growing  [Mtpulnlion.  Thus  it 
happens  that,  even  on  (he  scjilHwinl,  it  tuny  be  ncccwisiry  to  piu-ifv  wwage 
Ix'fore  diif'liiirging  it,  and  the  problem  of  successful  and  eoonoinii-al 
]nirilicaition  may  be  one  of  tlic  most  ditTienlt  and  important  iu  the  whole 
range  of  Kitnitiu-}-  jw-icnce. 

In  inland  communities  situatwl  on  rivers  of  eonsidend>!e  si/e,  rlelivery 
at  a  [HMtit  Ik'Iow  Ihi-  onlnkirts  i«  the  easiest  method  of  sewage  dis]>osnl ; 
Ijut  other  communities  farther  down  may  jirojKrly  ohjeet  on  more  ihan 
one  ground  to  sueh  nctiuii,  for  the  sewage  itself  may  be  a  nuisance,  and 
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tin-  river  miiy  be  the  bomiw  iif  llic  iniblK-  vrotw  .sH|>pIy.  Hi'ir-, 
niid  wliore  tho  flow  is  sluggish  and  tli«.>  vuliinie  i^miill,  tn-atiiivnt  bvfiii 
clischarj!:!;  in  n«:i'»j«ry,  Whon?  tin-  wiiU-r  Intit  wIiktIi  llio  wwugi- 
d<'livcn'[|  i«  til  bo  hsoI  Ik-Ihw  Hir  the  [xiblic  (Irinkiii);  Mi[>|»ly,  (be  jirtici' 
of  ]>unti(':ition  fbiniM  Im-  itiicb  a.-  I"  givo  the  miBit  ivrtV-pt  n.-'iitt^  \¥»- 
eibli.- ;  ihiil  is,  iiboiild  give-  an  d11iu.-iit  nhk'b  will  not  tiflirct  llic  ijiiiilitjr 
of  tbe  water  injuriously. 

In  Ih>iIi  rivfi>  anil  biirhors,  in  onl<>r  to  prrvL'tit  iiiil'Wtm-  fror 
untit<:ik><]  M>UTi(:i>,  tlie  ctim-nt  «)iouM  be  eiiftivk-ntly  vol u mini lUi-  am 
strong  l<>  iitlonl  larur  ililutiim  and  (irevt-nt  (l(-|>(Ji-iii<>n, 

•1.  The  Pail  System. — Tiii*'  U  limited  ■»  it*'  ii|i[)li<:ation  to  ttu 
di»ijHiiuil  nf  excreta  in  paiU  rnntaining  diy  i-artli,  |Kiit  (xiwdrr,  iif 
olbiT  niiitt-riiil,  iinil  ulllicngb  it  i<  in  iifK^'nilion  in  )>i.'v<.-nd  pluctv  of 
considerable  hiw  in  Eiijrliind  ami  on  the  Contini-iit,  it  is  iK-ttcr  iwlaplrJ 
111  tiif  nci'dj<  "if  iMilnritl  ln>ni*»  and  "mull  villiiji^^'M.  It  wa;>  tin 
natural  outgrow-th  «f  the  very  exteiicivc  ado|>tii)ii  of  tbe  lau-th-ciiwt, 
II  dcvi<:e  invented  by  th«  Ui*v.  Hchit  Mnulc,  in  whirh  tlio  sriiii 
excreta  are  dir^cbarged  into  a  ri:>ce])taclf  of  •iuitublp  ^izc  and  oivrrni 
aftwisirb  mliiitioii  with  dry  earth,  ]H-iit  jiowdi^r,  or  ii.-hi'*i.  As  cirtclia' 
uceessarj,  the  [wilh  are  colleeli-il  and  cnijititxl,  and  their  e'MiIt'iKi' nm 
removed  l<i  a  di^tiinei-,  trmleil  nr  not  witli  chemical-",  ne<'onlinf,'  r«df- 
ennii^timwis  and  Iniricil  or  usifl  ai*  innntira.  Kirttn  (be  Inet  tluil  tin- 
colleelion  \*  macle  at  iii^hl.  nroi^e  die  t-ommon  lerni  itiylU-trnl,  ai'I 
laler,  fi-om  ihls  one,  shioIIkt  to  (te:>ign.ite  an  iiiijx'riiint  |i(»rt  of  K'ti-" 
plmnbinj:,  the  )»>il-|iipc. 

It  U  a  i>rin)itive  Kurt  nf  i>y.st«ui,  hiiL  it  ban  ikhuU  in  itx  bvork* 
well  as  againi^.  It  is  not  exiwoisive,  theru  w  no  [Miltiilion  '^ 
I'lrnntii',  mid  tW-  numnrial  value  <'f  fi»t^  K  nut  wa^Ml.  Biit  it 
ivi|uirefi  the  colloetion,  drying,  and  ^t(>^.l^p.■  ■>f  a  lnjye  amount  nf  lafllt 
or  olIuT  niiilt-riid,  not  alwnys  cb-'V  to  obtain  ;  tbe  i-niptylnji  of  llic  I*!* 
ic  neeisKirily  necutu[iunied  by  ibe  ewnjn-  uf  more  op  Kv*  udw;  't 
may  possibly  give  rise  lo  a  nuiHimce  at  or  near  tbe  place  «f  H™ 
di«|>o»iil ;  and  additional  jinivision  murit  Ik-  nmde  for  (he  reram'tlu 
liquid  refuse. 

Tiie  niati-rials  u«-il  in  the  (miN  ant  <-hiefly  dry  earth  and  ]x«t,  t»"'* 
of  which  ^ubstaneei^  are  very  alfHirlK-nl.  TW  earth  is  onIiiiarilyi-i|'"' 
simply  drii-d  or  thoroughly  liuked,  but  drying  is  pn-fend>h-  In  IwMi'K. 
becnuw  tile  intluenee  of  tlie  aipmpbytie  baeleria  of  tbe  ?"i1  i*  ""* 
(hwtroyMl.  The  bite  ('olon*-l  ^\':iriri);  ih-monslratHl  nu>rt  omvinoiw 
the  very  great  |Miwer  of  airniried  cuil  to  difpoine  of  tbe  orgiuiie  ct"''*' 
u<-ntji  of  (iecal  mailer  wt  n<«r1y  conijiletely  that  but  an  insigiii*''^''' 
aniuuiit  n-mainK.  He  kept  two  t*in.s  <if  dry  wirth  for  a  long  limi-,  u^ 
it  rqwateilly  in  carlh-<-lo<:els  and  sti'ring  It  after  caeh  p«'ri<id  oru*'"' 
dry  well-vinti!atiil  celhir.  It  was  ■■.■'liniiitMl  tliat  by  the  tiiiwiil™ 
Ixvn  U(*«l  ten  tinicjs.  no  k-t*  than  2:M)  (Hiumls  of  nitro;.i-n  liml  '*'" 
a<kle(l  to  it,  but  analy.^is  shnwecl  that  but  R  pountb  remained.  llirP** 
having  Uvn  rcKtort-<l  in  guse<)u>«  form  to  the  atmo^herc.  Tlii-n'""' 
fact  ba?i  been  obiervcd  by  Professor  VoUeker,  wh»t  found  Uint  fl""' 
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after  being  dried  and  uaed  three  times  contained  practically  no  more 
nitn^n  than  it  did  originally. 

Peat  ha«  not  only  remarkable  power  of  absorption,  but  also  very 
marked  bactericidal  properties.  It  will  absorb  and  retain  from  nine 
to  eighteen  times  its  weight  of  water,  it  acts  as  a  deodorant  in  the  same 
manner  as  charcoal,  and  it  retains  ammonia  in  apparently  unelianged 
condition.  The  resulting  manure  is  found  to  decompose  rapidly,  and 
to  l)e  especially  suited  to  sandy  and  light  loamy  soil.  Experiment  has 
shown  that  neither  the  typhoid  nor  cholera  organisms  retain  their  vital- 
ity in  contact  with  peat  longer  than  a  very  few  houn,  and  the  same  is 
true  of  many  other  varieties  of  bacteria. 

Sawdust  also  la  recommended  for  use  in  earth-closets,  and  as  an 

absorbent  for  urinals  where  there  is  no  water  supply.     Experiments 

conducted  by  Dr.  G.  V.  Poore '  with  various  materials  proved  its  value 

for  the  liitter  ]>urpose  and  yielded  interesting  results.     A  flannel  bag, 

two  and  a  half  feet  long  and  a  foot  broiid  at  the  bottom,  containing  ti 

pounds  of  dry  sawdrist,  rcceivc'd  in  the  course  of  two  months  39  [X)unds 

of  urine ;  after  about  a  year,  4o  pounds  more  were  added  during  a 

period  of  three  months.     Notwith.itanding  tliat  the  bag  had  become 

BO  rotten  as  hardly  t<)  hold  together,  the  contents  were  not  in  the  least 

offensive,  and   had   never  gi\'en   oft'  any  offensive  odor.     Of  the  84 

pounds  of  urine  added,  only  6  i)onnds  had  tiltered  thniugh,  while  the 

Rct  had  cva)K>rated  or  had  lieeu  retained.     The  filtrate  w:is  dark  brown 

in  color,  thick,  and  of  high  specific  gravity,  but  never  offensive ;  nor  hud 

it  ^wn,  after  lying  about  for  months,  any  tendency  to  putrefy  or  be- 

eoBoe  offensive.     Filtration  through  earth,  old  stucco,  and  pent  moss 

gsve  identical  results.     With  fresh  earth,  fresh  stu<«o,  and  fresh  ashes, 

the  filtrate  was  almost  colorless  and  odorless,  but  the  power  of  ashes  to 

give  this  result  is  short-lived. 

The  pail  system,  wtiatever  may  be  said  in  its  favor,  has  had  itfl  day 
O  large  communities,  and  where  it  still  obtains,  it  is  being  superseded 
gradually  by  systems  more  suitable  and  satisfactory. 

3,  Ohemicai  Treatment. — Sewage  disposal  by  chemical  treatment 
liu  fi>r  its  object  the  separation  of  the  sus|>ended  matters  and  the  prt>- 
^[ntation  and  consequent  separation  of  the  putrescible  matters  in 
nlution.  The  lai^r  masses  of  the  suspended  substances  may,  of 
«xiree,  be  removed  by  being  entang1e<l  in  the  coagulum  produced  from 
tile  soluble  matters  by  the  addition  of  chemical  prcci|)itants.  The 
cffloent  should  be  clear,  and  shoidd  contain  a  mininium  of  otpinic 
Batter  capable  of  undergoing  jiutrefaction,  \\Tiatover  the  precipitant 
<Bed,  the  process  requires  constant  and  careful  .suixt vision,  in  order  to 
Achieve  the  best  results  and  to  keep  the  expenditure  down  to  as  low  a 
^re  as  is  consistent  with  efficieiicj'.  The  wreenoil  sewage,  tlcprivwl 
of  its  coarser  matters,  is  treatwl  and  thoroughly  mixed  willi  the  cli<'nii- 
•Sls  in  large  tanks,  and  is  then  passed  into  other  tanks,  whert;  the  pre- 
optate  is  allowed  to  separate  by  subsidence.  The  wluilgc  is  removed 
*i>d  then  disposed  of  in  its  nulund  state  or  iifter  truituK'nt  in  hydraulic 
'  Britiah  Medii-al  Juiinml,  .\ug.  31,  IC190. 
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ptvasea  for  removal  of  the  water.  The  (<eiiva^  iihnuli)  he  trcai(>d  in  luf 
I'nvh  tiiutiitlon  a»  [xitwiblo  iiml  Ix-foir-  [HiircJautivc  pr(Kw^:>(v  have  begun, 
nince  when  the  Utter  have  got  well  uoder  way,  the  results  an>  ni>ver 
BHii.-'lJM'titrv. 

The  sut»-tunpos  most  utitil  :iv  |ii-(x'i|iitiiut^  lire  ahim,  Itme,  an<1  ferroiis 
si]|ptial<;,  l>iit  whioh  of  th{^!4e  iind  otliers  i.t  the  \hrrii  nuiunl  fur  the  work, 
is  a  quc^ioii  concerning  wliich  there  is  no  general  agnvnient.  Ahim 
and  other  soluble  salt*  of  alumiaum  have  moderate  diMufcetant  |tni|>- 
erlies,  are  not  |mimiiii>ii.'s  in  fhc  geuernl  wnw  uf  the  won),  and  when 
u*iei:l  in  excess  impart  no  c4)lor  to  the  effluent.  In  llie  pri'si-nci-  uf  lime 
or  anuuoiiin,  they  yield  a  very  bulky  gi-bliriouK  |)reci|iilii1c,  which 
enrungic*  the  suspended  uattcr^  and  bacteria  present,  and  carries 
them  down,  Imving  ii  ehttr  nii[KTnatiint  iluiil,  which  is  without  coIcm- 
or  iHl«>r  and  jinicti«»lly  Kicrilc, 

WithexccMof  alum,  (he  effluent  i.-<aeii)  in  n«eii<ni,  and  t^  lhu.-> oa|>id>l« 
of  injuring  ti<(uatic  iit'e ;  but  it  dot-:*  iiut  form  uncightly  c••mpound^  with 
Hulphur  a«  do  iron  and  other  substances  which  tbrm  bbick  ^ulphiden. 
Kinie  in  (he  fiimi  of  milk  of  lime  !»  uHi-d  e\len.->ivelv  holh  iilonc  and 
in  ctjnncrtion  with  fcri-ont  !^ult>hate  or  alum.  When  uwid  alone,  it 
givii*  a  much  more  bulky  nhidjje,  whi<'h  has  Imt  slighl  vnliie  as  a 
fcrtiiinT.  The  amount  nct^u^Kin.'  for  trcHtniciit  of  a  million  (pilous  uf 
sewage  'h>  generally  titated  at  one  Ion,  but  may  Iw  mueh  Ict^s.  At  the 
prti'ipilHlion  works  at  Wort^'^lcr.  Max*,,  for  in^tanir,  rhiring  tJu'  ywir 
eodfd  Nov.  :IU,  ISIdi,  the  average  dailv  aiuoiiiit  of  sewage  ii'eated  was 
in, 000,0011  gallons,  and  the  average  amotiiit  of  lime  u«iil  [n-r  million 
gallon.H  wiir>  but  a  trifle  over  1,200  poniidt^,  while  the  sewage  of 
Ixiwrenec,  ?kLiJ*>'.,  nrnit  found  in  the  cX|H-i'iiiieiilx  condiivled  by  the 
State  B<«rd  of  Health,'  to  re«juire  1,800  pouiuU  for  the  Kime  amount. 
Af  H  niiitt«T  of  fact.,  the  amoniit  neti'x-'iiry  dc|>(>iidn  iijxtn  llie  eliaraeter 
of  the  sewage,  that  is,  ti|x>ii  the  amount  of  Mirbon  dioxide  in  it,  for  it 
is  thi.^  which  mcIj*  tijum  the  lime  t»i  eauw  a  precipitate  to  be  formed. 
Henvr  it  may  Im-  Hiid  that  iIh-  amount  neceMnn.'  >k  that  which  will 
exadly  neutruliitc  the  contained  earhou  dioxide. 

I-'err<nis  Milphiite  is  verj-  nirely  cmploytHi  nione,  but  generally  with 
time,  the  two  Wing  ui>etl  in  such  amounts  that  no  great  cxcc»^  of  cither 
i*  left  in  (he  efflimit ;  and  tliesc  aiiiounl!*  ean  oitly  be  determined  by 
actual  experiment  with  the  seivagc  to  he  trwitt-il.  0«  thi*  acoonni, 
pivcipiiation  by  feri-i^ii-  -iilphatc  is  likejy  to  lie  somewhat  coniplicatetl, 
but  when  it  is  i-arric<l  <hi(  pnijx-rly,  il  apj^ir^  to  jpve  very  (;ood  n-siiUr«. 
The  exjieriiiieiitf  coixhicted  by  the  State  Hoard  of  Health  at  the  station 
at  IjiiwrctK'e  le<)  In  llie  ivmcJusioii  thai  xnlpliate  of  iron  alone  aets  ItesC 
among  chemical  precipitants.  According  to  Mr.  W.  J.  Dibdin,*  how- 
e^■«•^,  who,  a.-*  i.-*  wdl  known,  han  made  extcit-ive  ejiperimeiilc  on  thiB 
«ihjcct,  the  eomhiimttoii  with  lime  eou)^titntc»  the  mofi't  w^mmical  ai>d 
mcKt  eRieient  agent.     An  execM  of  iron  in  the  effluent  may  lead  Uler 

'  Rrporl  nn  i*uriG<atiaii  ef  Sptngr  and  Wator,  18B0L 
'  Journal  nt  8uxa  Mtdkiar,  Jaanaij,  ISDA^ 
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ti:»  iin  uii.-*ighlly  (k-jMinit  of  IV-rrmiH  KulpliHk- iiliHif;  liM-l«iiiki>  of  the  i^t  rutin 
into  which  it  is  eventually  diM^lmr^^l. 

Certain  other  (ihemiiul  jirocx^si^i  linvc  \yton  exploitinl  in  t)iir<  ivmnlri,' 
and  clj*whcrp,  hut  none  of  tlicm  apju^irs  likely  to  l>oado]>toi  *-xtcii*ivfIy. 
Amonjr  (heiii  may  !«'  mention«l  the  "Amines"  priwcss,  in  which  the 
sewogc  U  irfHltfl  with  lime  nnti  iimini^^s  chiefly  trimclhvlmiiiitf,  in  the 
form  of  herring-l>riiie.  While  this  proopAs  gives  sitisfactory  results, 
it  hii.'*  cerlitiii  clniwIiiiek.H,  nmoujr  whieh  an-  the  (litHculty  of  »-<Hirin^  a 
EuHicient  sup]>ly  of  the  brine,  the  offensive  odor  of  (lie  sime,  dcterioni- 
lion  on  :*uiraj;i',  iind  pos^^ilik'  iniluencv  nn  tish  life,  Amrtlier,  .■^nme- 
tioies  known  a-*  the  •' Wiwlf."  and  sometime*  as  the  "  Ilertnik-," 
process,  de|H'iuU  iiiH^n  the  «etion  of  chlorine  oom)iouiu]s  prodiietil  by 
eloclndysis  of  «ilt  in  M-ii-\vriter  or  in  tht-  scwup-  ilM-lf.  The  nrpiiiio 
matters  ai-e  altackwl  and  somewhat  dinunisheil  in  amount,  bnl  the 
jinri(.'i|wil  itifhieni-e  !?■  exerted  in  tin-  dirctrlluii  of  nlcrili/jilion.  The 
j>recipit;itinj»  agent  is  fern>us  hyilnite,  formed  Ijy  the  itelioii  of  the 
eleetrie  eiirrent  on  iron  pltLte-*  in  iIk'  tnak*.  In  the  si*-ealled  A.  R,  C, 
prwvss  (alum,  blood,  and  clay),  a  mixture  of  clay  and  elmreniU  i*  lir«t 
ad(l(<<l  III  the  sewage,  and  iioxt  a  solution  of  alum  ami  sulphaio  of  niag- 
ncstniii.  It  ifi  an  cxjwnvive  ami  tronhie-*iinie  prwe.««,»iid  yields  a  Inr^ 
amount  of  sludge,  IJIi>ih1  was  employed  origiually,  hut  was  found  to 
be  umi!.HH.'.'*mry. 

Ill  all  proeesses  of  chemical  Ireatinciit,  a  more  or  less  complete  tem- 
porary steriliwilion  in  ett'eeied,  and  this  nf  ilwlf  is  nlh-n  a  very  seriou!* 
objection,  sinw,  although  Ihe  effluent  when  disehiiixwl  'miy  I"-'  sterile, 
thU  ctindition  is  not  hi.'>tiii)>;,  iiixl  the  orgiinie  matter  still  present  will 
ocrlalnly,  sooner  or  later,  decomp<isc.  and.  iwrtiapw.  bi-ome  a  serious 
nuLsanec.  The  ohjeetioii  to  steriliaition  of  sewsigi:'  does  not  extend, 
of  eourw,  to  the  (Hitliogi'iiic  iKieteria  of  infeet*il  lict^-i*  nnd  urine, 
whieh  shouhl  he  destroyetl  liefure  entranee  to  the  main  bodv  of 'si'W- 
itge,  but  wholly  to  the  wipn.ipliytie  "iijnnisitw,  whieh  eveiitnidly  dc- 
Btroy  the  organic  umttera  and  convert  them  to  simple,  hamileas 
compoundi^. 

There  is  always  more  or  less  organic  matter  in  the  effluent,  however 
eltflir  this  amy  l»e,  and,  being  piilreseible,  it  i."  rertnin  to  undergo 
cliange.  Till;?  hit*  been  <lemoiis1rate«l  wherever  chcmieul  treiitim-iit  ha;<i 
been  adopted,  and  it  is  admitted  generally  that  the  effluent  cannot  be 
adinitti'd  to  water  ennrst\s  without  injury  to  the  ipialily  of  iho  water, 
both  so  far  as  tish  life  and  wholesomeness  for  drinking  are  concerned, 
unldiM  it  i^  tirsl  further  livaied  by  sonu-  biologind  pi>ie<-«.,  and  theivhy 
made  clean  and  harmlew.  In  the  wonls  of  I'nitwsor  L.  1',  Kintii- 
cutt,'  who  has  marie  an  eJihaUHtive  study  of  obemieal  purification  at 
Worwwter,  Masji,,  and  eWwliere  in  America  aiwl  in  Knmpe,  "  We 
believe  we  have  proved  In  ;\merica  .  .  .  that  by  eheuiicnl  pnv 
eJpitHtiiii)  alone,  even  with  ilie  greatest  can-,  and  at  an  exocstslvely  high 
cost,  a  filtrate  cannot  lie  obtaitKil  siiHieieiitly  pure  to  turn  Into  ii  water 
course  unless  the.  minimuti)  dry  weather  flow  of  Uiat  water  ooune  is  at 
■  Jinii-ral  of  tlwSRmurjr  IiMilutc,  Jul.,  1900,  p,  602. 
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\v»M  ten  tiin<!it,  bhiI,  better,  fitWit   tuuee   the   avera^-    How   ul  tbg 

SfMIIilP." 

Action  of  S6wa<«  EfSuents  on  Fiah  UA. — It  may  be  tiaXvA  bmnd!^ 
tluit  "  jiitriliiKl "  tH-«'ii^',  wIku  iliw-luirptl  into  a  watt-r  uoursc,  will  miis^ 
niurcluimi  to  ti^li  tlian  will  i>it]iiiiiiT<.-ni<)c  i^-wit;^-,  fur  wliilv  ulldieniKal 
{ii-ii'ijiUaiit.H  will  <-iiliiT  niiici'  thi'  ssuU-v  t"  a<-t  a^  a  jxiiMHi  ur  u-itlwlmit! 
il>  ili»*i>lviil  I'xyinn  fii  tliiil  il  will  imt  .'^iiHlniii  lifv,  l\w  cicijiofil*  of  rniile 
«'Waj^>  may  Ikt  tukeii  up  jfrewlily  hy  tlie  (lah  as  valuable  f<M«l  nuitirbl. 
Miicii  ilqH'tidn,  of  oimix',  wynm  the-  nature  nf  iIk*  pFivi|>iUitit  (Mone 
of  tliciii  \Mn\i  iii'irc  ]Mii>!< 'III Ills  lluin  otlinv),  oiid  aW  u]m>d  it(i  anioiini ; 
but  i^voii  wlicn   [■xli-twivf'ly  lillutwl,  ibi  iirtion   i.-*  tli-<tinctly  Immifiil. 
Liiiii-   i»    MipiHi^nl   to  act  liy  liciiiK  |irwi|iitul«l  i»  tbc  jiilU  ai^  oir- 
b'luate,  tlius  iliniiiiiiihing  thf   ruspiratory  area.      CliWiru-,  iti  n   t'nv 
nmi<>  or  n.-*  cliloriiiiiliil  lime  iir  wkId,  oxi-rt*^  even  ill  ex tn-incly  <Iiluff 
VDiiditioD,  us  lujss  lliau  1  ]uirt  in  lOD.dOO  of  water,  a  vrrv  fnial  iriflu- 
ciii-e.     Iroii  Wilts  a<:t  not  only  n.4  [xiixm.s  btil  the  rn-niiiK  riirni*<  ukr 
iiji  till!  ilih!>ulve*l  oxvpt'ii  juul  lK'('<nni-  ferric  ;  tJH'U  tbi'sv  Iie4^me  reilon'I 
ami  ajjiaiii  alisurU  it,  ami  coiitiniii'  lii  tliLt  iviiy  tn  nib  tin-  water  of  lb 
|Hivk'er  ft  yti>luin   tlie  n.'i'|Mniti>ry  fiiiiclion.     Btit,  on  tin-  otlier  IpujiiI, 
tvliile   fi-ei^h    ^■M'a^.'e  <if  onliiiary  eoU)]>r>.''iti<)n    is  .miiijcbt   (i>r  \iv  iimiiy 
s|Hvit^  of  li:)!!  an  a  <]|-.'<inible  fnuil,  juitri'lrin^  sewii)^-  will  cillirf  ml 
iiijnrionsly  un  iWli  or  niake  tlie  water  so  pppiiguatJt  to  lliem  as  to  dtiw 
thwini  awMV, 

4.  Sewage  Irrigation. — In  the  "broad  irr^tion"  or  "tm^ 
fiirniinjr"  (•yjileiii,  ft-wnp-  is  iitilixrtl  in  the  p-nwing  of  iTn>|*  wliifli 
Ijiki'  lip  anil  tli*[)tiec  of  luticli  iyf  the  water  unJ  ilis-ailvcil  yolidH,  vpliili'. 
at  liu-  rtaiiif  linio,  oxidation  jiriMiciwcB  in  thi'  interslioep  of  tl»c  soil  dt-in'*' 
tlie  bacteria  imd  eonvorl  llic  remaining  or^tauiv  matter  to^iniplo,  biinn- 
Ic-8  prodiiets.  For  the  dif^jtosal  of  larjie  volumes  by  llii-  n«'lln*i 
viTv  hirpt  r'ovapc  fanns  art'  ri'ipiintl.  The  iH>^w*iiri-  amt  will  Ayy^vA 
upon  the  nature  of  the  soil,  it^  permeability  and  water  ea|iiii,-il>'^'' 
U|Hiii  the  amnuiil  of  animal  raintkll. 

This  nuthoil  has  Ix^-n  adopt»l  veri'  eutcndively  in  Eiigliiixt,  wl"^ 
there  are  hundix-iJft  of  sewaff«  farms,  and  in  Germany,  Fiaooc,  I'™*- 
Aniei'ii'ii,  and  elM/whi-'re  ;  and  ev<Tywhi.'ix'  il  h.i.*  V-en  funiid  thai  ri"'*"' 
and  fast  rules  as  to  area  per  thourand  of  pupiilatiou  ean  bi'  fiJln*"*'- 
In  ]uij;laiid,  lliv  idwi  i>l)(aiii.<;  very  p^icrally  that  evm-  hiimlml  *» 
|)<>pulation  will  require  one  aere  of  scw:i^  farm,  but  this,  it  AnifM  " 
n-mm'ktMt,  while  il  may  apply  in  Kiijrlaml,  whioh  is  n  rainy  oiun"?'- 
and  oni-  when-  donK■^tu■  seW!i)jo  is  likely  to  animint  to  many  nu'Wipl'" 
pi_'r  eapil:)  than  on  the  Continent,  owin^  to  the  more  ^-ih^riI  Imlii' 
daily  balhiiifc,  i-  nitieli  in  extx^K*  of  actual  neeit  where  \\w  r*tA  i)^<<>°'* 
Miitiibli.-  for  tlie  piir[Mwe,  where  the  Riinfall  is  less  in  ainotiat,  ^J" 
where  domestic  sewagi'  jw-r  eajiita  is  ]m>ihiced  in  ^uialh>r  tpiiinti'^ 
Anoirdiii^  to  Variiid.  ineh  an-.'  .if  a  well-nf-ulatwl  plant  will  '"""' 
Oixiiniiiy  f>rt»Iili>>ii%  absorb  and  purify  tlie  sewap'  of  2'>t)  In  .'lO"  ['''" 
sons,  and  if  die  soil  Ix-uf  im^iiiii."  fine  sand  ami  tlie  <jiii«tJon  <>f ''^'i" 
be  \mt  in  the  bNckgnmml^  that  of  1.000  to  l,oUO.     As  tbe  poputati"" 
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gmvra,  the  pl»nt  mtint  be  cnlarji^,  and  bence  it  is  n«oe&9ar>'  to  bold 
Ijinil  in  ix-ncrvf  to  iiui-t  future  iiiTiiiiti<i». 

01'  the  very  first  imporiant'e  is  tlie  selectiou  of  a  suitable  tract  erf 
loD(l  fur  tliv  cnlnbli.-«liiuent  of  ilw  plant.  Tbin,  of  course,  iit  not  always 
poHHible,  for  »oinetiiii<i!ii  no  luntl  i^  avullublc,  and,  tt^^iii,  siicli  t\«  is 
lit  hjiiid  niHV  ht:  unmixM  In  tlje  i>urpose.  It  shmild  1^  noitbei-  too 
perm«ible  nor  too  cIdhc.  If  too  («iiir«p,  ii  wilt  [K'niiil  (be  ]iii.-<.>iipi-  of 
till;  wwago  so  rapidly  that  no  puriticatiou,  or  at  most  imperfect  piirili- 
iiition,  will  occur,  and  the  effluent  will  he  unfit  to  bi-  dii»chnrg»tl  from 
the  iindertb^ins  into  a  water  course;  if  too  close,  as  will  be  the 
<iw?  wilh  a  very  deiiJH'  i-Iiiy,  tin-  imbibition  of  water  will  Im>  so  slow 
that  it  will  fall  far  Ixlnw  the  amount  of  los«  bv  evaporation.  The 
very  IkwI  siiil  tor  tin-  purjiose  in  one  of  nandy  loam  with  fine  intcr- 
atitial  A[)ace!i,  which  will  jKTinit  not  too  tnpid  percolation,  and  wliercin 
the  pri>cesHfti  of  nitrificatitm  may  go  on  moat  thorougbly.  ^'c^■  dense 
clays  nniv  Ik'  reniler(.il  Kiiilabic  bv  the  Jidinixlun*  nf  naml  or  lim<"  and 
by  tile  undi'R) mining,  and  then  will  (x-rform  it«  oHlee  iu  a  «ttisractJiry 
mnntier.  With  a  pnifxT  plant  iiad  intidligcnt  superviftion,  llie  purilietl 
«ewH|;c  makes  a  clejir.  btijihl,  and  practically  sterile  cllbti'nt. 

In  order  to  cja-ry  nut  the  ti<?h<'me  roi  as  to  achieve  the  Iwst  results, 
the  farm  filiould  be  diviiKil  into  thrtv  iHirL*.  not  riecc."»anly  of  cijnul 
area  hut  uf  equal  absorlnibilitv,  eaeh  of  suffi<aeTit  capacity  for  the  dis- 
|»0!«il  of  the  eiilirc  sewage  of  a  Maj^lc  day.  Then  I'ach  third  may  be 
worketi  in  its  turn,  receivin^i  sewage  one  day  and  renting  two,  but  the 
caiNieitv  nf  none  shi.inld  be  ov<'rti)\<il,  le-vt  (lie  M>il  bcoome  8Wnm]>v  and 
filthy,  and  cease  the  work  of  uxiihition. 

The  tiirm  i.-<  bid  out  in  liiMiid  ridjiis  and  fun-ows,  the  lalter  retriving 
the  sewage  at  regular  intcr\-uls  ;  the  crops  groiv  on  the  broad  ridges 
between.  It  should  be  nnderdrained  naturally  or  artificially  at  a  di»»- 
tanw  of  about  •^Ix  feet,  so  that  the  purifictl  (iltereil  water  may  l>e 
removed  and  alloweil  to  discharge  into  any  convenient  water  course. 

TlicT  amniint  of  lijiilv  dijse  |ier  aere  varies  wry  widely  aeeonling  to 
porL'-volume.  [»ermeability,  and  rankness  of  v^etation.  On  a  close 
Hoil  in  a  cold  <'Iimale,  hut  a  few  tb<>u.«and  gidhms  jht  acT<^  can  be  diit- 
cbargeil,  while  on  an  ojk'II  soil  in  a  hot  country  MJib  rank  vt^tatinn, 
as  in  Madms.  for  instance,  as  much  as  7."i,000  gallons  ibiily  will  not  be 
-OEcossive.  The  chief  cnijw  grown  are  calvUigc^,  manp>ldi«,  timothy, 
lyc,  and  other  grasses ;  in  short,  such  as  can  bear  heavy  flooding  of 
the  soil. 

An  n^inl."  pnjfit,  it  nuiy  be  said  tlrnt  this  sv'stem  is  the  only  one 
which  am  )>ossibly  yiehl  a  n-vemie,  but  this  is  not  due  to  the  snp|Misiil 
value  of  the  mainirial  iiaiKtiltients  of  the  »ewage.  but  t"'  the  water  itwif, 
wliieli  put-i  tfic  cr<ips  outside  the  danger  of  drought  and  beyond  the 
need  of  rain.  Iu  nome  climaies,  crop  follows  crop  the  year  round,  and 
the  arnuial  yield  is  large  ;  iu  others,  the  season  is  so  short  in  comparison 
that  the  yield  is  much  less,  ,\1  tlie  BitUu  forms,  a  yearly  vield  of  25 
tons  of  gnL-«r<  per  acre,  e<pial  in  'j  of  bay,  ii"  reganleil  it*  large  and 
satisfactory,  while  at  Kriahnampett  in   Madras,  where  eight  crojw  per 
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year  are  harvested,  the  output,  according  to  Dr.  J.  N.  Cook,*  wa*  in 
one  y«nr  !>!)  (oiis  {kt  acre,  otjiial  to  about  '2^  of  liay,  and  wortli  nearly 
200  dollan;.  Tbc  city  nl'  Borlin  [mrrlitt^-il  and  *«'t  a«i(k'  20,000  acrv» 
nf  land  for  iia  M'tt-a^^  tarms,  and,  notwiihi-tandiii^'  nn  outlay  of  n>ore 
than  13,000,1)00  dollnrs  fur  riit-  •■iilin-  |d>iiit,  ri'<'(-iv<-ji  »  yiwrly  |iiM(it  of 
(K),<J(X>  dollars  from  il^  ojicrutioD,  tlio  liilmr  casting  nothing  pxccpt  for 
tnaintvonncv  of  tlio  men  fiigngtMl,  flietw  being  oundcnnifd  (hereto  fur 
vuriouii  tuin«>r  miHlonicflnoni. 

Whether  then'  he  a  ]jrotit  or  not,  this  a.'^pect  of  tlie  i]ii««tion  should 
pvcr  Ik-  kept  in  the  liiiekgnmnii  and  Mk-  |iriinarv  iilywl  ever  in  view. 
When  the  lanns  are  let  out  to  contractors,  it  in  always  advisable,  and 
fsven  ntwcswary,  thai  ibcy  be  under  iIk-  Mipervii^ion  of  munitnjud 
authority,  to  insure  that  the  public  good  is  not  subordinated  to  privrate 
pan. 

It  i»  not  to  Im?  supjmsed  that,  even  in  ver\'  cold  weather,  the  use  of 
the  Bvstem  munI  be  >.n.*|K'ndetl,  for  when  vegetation  c«i»es,  the  soil  eon- 
tiniii.'ii  the  procei>»  of  ptiriliejition.  At  St  Ixiurvnt  College,  near  Moa- 
treal,  for  example,  the  small  sewage  ferm  was  found  to  .iflt  efficiently 
in  disjKiKinfr  nf  the  nwual  tunoiini  of  'H.-witire  in  u  January  (I8SS)  tcm- 
peraturi-  of  — 20='  F. 

Inflnence  ot  Sewage  Iiricstton  on  Hcaltb. — Ciifleerning  the  infliienee 
of  «cwuge  farniff  njKin  the  health  of  those  dwelling  on  and  near  them, 
the  evidence  is  entinJy  on  one  >ide,  and  In  iip{Hi-<iti(in  In  wlmt  wmild 
natunilly  he  »in]>po>ed  to  be  the  ease.  It  k  the  sunie  from  lk>rlin, 
l*ari»,  fjdinbnrfib,  anil  the  hmidniU  nf  other  plntuv  where  the  nyMeni 
b  in  use,  and  all  to  the  cHcct  that  in  no  way  is  it  injurious.  It  is  true 
that  not  inl'reipienlly  the  sewafre  gives  rise  to  more  or  less  di.stgremble 
odor,  especially  if  it  Ik-  »(i>iwl  too  long;  but  the  fichls  themselves  are 
gi-ni'mlly  <)uite  fret-  from  nuisance,  and  even  though  odor  lie  pre^-nt,  it 
pHKhiw*  no  harm.  At  the  Berlin  work",  in  a  pupulnlion  of  more  tluiD 
1,500,  there  wan  one  death  from  t\'phoid  fever  in  live  years,  the  gen- 
eral d«titb-mte  wun  ven>'  tow,  and  the  zymotic  deiith-nitc  cxoveilingly 
so;  in  fad.  dnrint;  one  year  it  was  ni7, 

Coniplelf  fi-iHiloiu  from  infei-tious  disease  is  by  no  means  unici<ie,  htit 
if,  iudee*!,  ii  ctimmon  (xindition  in  the  experience  of  sewage  fiinning. 
At  the  farms  at  fiennevilliers,  where  the  sewage  of  Paris  is  received, 
the  [H^adiition  U  ounMnnlly  iitenniKing,  the  general  Ixidlh  ix  exeellvnt, 
and  t)ie  gener.d  <l«ith-rale  lh  low'  and  continuully  decreasing.  An  ex- 
t4-n^ive  epidemic  of  typhoid  fi-ver  in  Piiri."  uould  lie  Mijiposetl  to  U'  the 
foreruimer  of  anotlw-r  ol'  greiUer  comparative  severity  where  itp  sewage, 
containing  nil  the  liowel  di^'hurgt^  and  urii>e  of  sick  and  well  alike,  ia 
Irmtcil,  but  ex[>crie»tce  lui*  dcni(>ni^tnite«l  thitt  such  is  by  iw  nie(in«  tlie 
case,  for  in  1882.  for  instance,  when  I^aris  snfTeml  from  an  unusually 
exle»--<ive  oulbnsik  of  tlmt  du>t?UM-,  there  wil"  not  a  .-siugh-  fH.se  at 
Genne\'illicr&. 

So  iiir  iLs  is  known,  there  is  as  yet  no  prtmf  that  sewage  irrigation 

has  ever  been  re^poni^ible  in  any  way  for  the  <xY-urren«c  of  eslennve 

'  lw£u  >l«dlci>«fainir]rintl  RvtI**,  Dkv..  ISU,  p.  67C 
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nutbrvaks  of  typhoul  fever,  dvepntcn",  or  cholera,  or,  iudtHKl,  of  ciitoxoio 
triMibli-.  \nr  w  tlitrrc  n-nsmi  to  liHik  iwlwiiici-  iifxni  the  jiruthicte  of 
tho  fiirniK,  Juspite  air'icrtioim  to  the  <v>ntriirv  biLncnl  ou  Huraii^e  and 
i»i-J(pfrii>n<v,  fiir  ihii  Inoti*  nhow  thiit  frni.->.-<  iind  ntluT  (;ni|iH  urx-  of  ^mA 
riunlity.  nmku  ^xxl  lutldur,  iitiil  briii);  ^ood  resulte  iu  milk  and  huttcr 

wIh-I)  («1  to  COW8. 

Ki-rr/-' Im-,  it  is  Inn.-,  ri-porlctlsm  uull>rEnk  of  typhoid  fpver  in  u  girls' 
baainli(i};-sctK>ol  at  Juniiivon,  which  wiw  pn-i-umal>ly  due  lo  vi'j^-oihlvs 
fniiii  H  jpmlrii  wutt'itil  with  tlio  cootciitJ'  of  mi  iiifiH-l«^l  (i->M|Niid ;  iind 
another  louiliM'd  outhreuk  of  tlit.-  mmc  dii^eii»«  due  to  iiifect«tl  it'leiy 
\m»  Xm-n  iv|Hirtiil  liy  Uic  Sinur  Itoiird  of  Mntlth  of  Mii^'>iti'liii.'<('tt«. 
Thiis  iKwurntl  iii  Soptwiilwr,  1 811!*,  at  the  InsaDo  <\jtylum  at  North- 
■in|itoci,  ill  which,  {irii>r  to  S-|iIi'jnIii-r  IDth  of  thut  yt^r,  but  -1  ciim» 
lud  <H>ciimvl  during  ten  years.  Ttieii  v^tx  bt^in  to  upptar,  iind  in 
fiftei-Q  days  tin-  nnmWr  had  rcaohwl  .'13,  imd  later  a  ftw  more.  Inves- 
ligutioii  pmvvd  beyond  riunonnlitu  doubt  thut  the  oiitlirculc  v-as  dm*  to 
«Jery  grown  in  hedj^  whioh  ni'f  ivcil  the  sewage  of  the  in'^iitutioii.  The 
iiN'diiKl  of  liaiikin^  t.'niploviHl  in  thv  iLni)tivnti"ii  of  the  [)];ini.->  iii.iilv  them 
a  fnvontble  medium  for  tnin'tniittinK  tht-  dixcaHe.  It  should  be  noted, 
bttwever,  that  neither  of  tliesn  oiitliroak.-t  w.i.-»  due  to  prmluee  from  a 
hifpe  Ikrtn  rem-iviiiK  the  dihitt^^  klwii^-  of  u  diftunt  mniiiri|iulity. 

^Vside  from  loed  <Mnjii<leraiion.^  of  hivilth,  what  are  the  resullit  at- 
tuiie'I  ?  Thi."  iituHiiim  <ain  be  uni<wer»il  in  a  few  wonK  The  orgnnic 
liatt<'r-  of  tlie  eeurage  are  destroyed  completely  by  the  saprophytic  liao- 
tcm,  whieh  altio  di.->poM-  of  their  [lathogciiie  hn-ihrcii ;  the  |rriut<^r  [xirl 
»if  lb«  water  ii^  taken  up  by  growing  veKetatiou  and  evaporated  uifo  the 
■imosphere,  aud  the  ri-iiiai»der  in  praetieally  sterile  condition  sinks  into 
Uie  niiljrvoil  or  i«  cjirneil  away  by  the  umlenlniin"  and  diwliargiii  into  a 
■ream.  The  effluent  at  Gennevilliers,  for  example,  is  organically  purer 
tian  tin-  ont:tn.il  water  Iwrfim-  it  Ixvome"  wwap;. 

The  Warin«  Sjnitem  of  Irrigation. — Irrigation  on  a  small  scale,  known 
lathis  iviuntr>'  a*  the  "  Waring  svtein,"  Ii  tiTsortiil  t'l  ven.-  commonly 
^•n  X\k  treutitient  of  sewage  of  single  Iiouks  and  small  settlements. 
A'bcyuti  by  the  lt<>v.  Mr.  Moiilc,  th«  inventor  of  the  earth -elosiit,  it 
*w  n  Kcheme  for  the  dis|H)sal  of  the  liquid  waist*.'*  which  wiild  not  bo 
^w!  for  by  earth-closets.  The  plant  eonsistecl  of  an  open-jointed  tile 
<j(lia  IiimI  m  little  below  tlie  siirfuee  of  the  ground.  iianLltcl  with  iiiid 
*fcl*e  lo  a  row  of  grapevines.  It  was  next  enlargid  by  Mr.  It.  Field 
wtbc  addition  of  a  nst-rvoir  or  flushing  tank,  tiliown  in  Vie.  '^,  by 
<»>»Kw  of  which  the  whole  drain  could  be  lliMxled  throughout  iiml  inter- 
••iittfDtly.  Brought  lo  the  notice  of  Cohmel  Waring,  he  a<lopted  tlie 
"•^lein  for  Iuh  (»wii  hoii-^.-,  anil  proeeetletl  to  improve  it  in  stvenil  dirciv 
!>«>  U)d  to  bring  it  into  common  use.  Under  him,  the  system  waa 
""Uglit  to  its  pn---*nt  rt^ite  of  jx-rfw-tion. 

Tbr  plant  consists  of  a  resen'oir  into  which  the  sewage  runs,  a  win 
^nniing  lnu->kft  to  ttoparatc  the  |>a|>er  and  other  matters  not  (wiily 
niiltBible,  an  nutomatic  siphon  by  which  comjiletc  diwliarge  is  tfecur«l 

:  r[  At  Miiivc^ai  \*^\t.  Jan.,  \mi,  )>.  S3. 
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as  often  a»  the  rwwrvoir  bocomes  filled,  and  a  gntt^-ctianibcr  by  iiu'iuis 
of  which  the  flovr  is  diverted  to  any  of  the  three  outlets,  wlucii  lead  to 
a  miniaturf  st-wage  farm.  The  dniin  pi|)ftt  are  Inid,  wtlli  hjk-u  Jiiini^, 
not  niiirc  tliiin  I«-n  iiK'hcs  Ik'1»u-  llic  biiHikv,  uiid  tin-  (jrwuiid  where  they 
di^hai^  may  he  used  for  grat^plut^  or  gai-dens.  The  fL^ultn  aw  rniwt 
9atiHiacU)ry  iti  cvei-y  wny  ;  tin-  ui^iiio  wustcfi  an.-  oxidia-d  by  the  soil 
bacteria,  and  the  water  which  sinks  iuto  the  suhfioil  \s  incapable  of 
oauMog  pollution  .lucli  as  ix^i^ira  when  ncH^itooU  witii  open  bollonu  below 
ttio  tout  of  Siiprophytie  hiictcrtii  are  employed. 

Within  ntyrul  yean*,  the  tt-ndeiiey  ha.-*  \nv\\  to  do  away  wiHi  lh« 
drains  where  i^ut!ieieut  Lind  is  available,  and  tu  diKebargQ  the  Hcna^ 
directly  upon  the  surface.  Frwh  wwage  tJirown  upon  grai*s  is  inofTcDsive, 
cx<xrpt  to  tlie  Mght,  i]iilei<«  dciKisili-d  in  iqich  amounts  in  the  same  place 

FiQ.ua 


n«ld  Oiublng  Unt. 

aa  to  cau!ie  miring  of  the  ground,  cpssatiou  of  oxidation,  and  consequent 
putrvraction.  It  i.-^  of  o(>nrt*e,  necessary  that  the  screened  mattJ-n*  lie 
removed  frequently  and  buried  or  burned,  attd  that  the  reservoir  be 
oUuniwi]  at  rt^ilar  intcrvaU. 

5.  S«wage  FiltratiOD. — The  mHhixI  of  inU'rmitt<>Jit  filtration  of 
KWiifri-  U  till-  .■*;»mi-  in  ]>rineiple  as  the  process  dei^cribwl  in  the  clui]iter 
on  Water.  Like-  tliat,  il  k  more  lluin  a  m^-chauical  separation  of  MiJt* 
pcndi<d  matters :  it  ia  a  process  of  screening  oxidation,  and  eventually 
almost  comptet'-  piirificulioii,  tnueli  like  sewage  irrigation.  A»  tarly  aa 
183fi,  Hronner,  of  Heidelberg,  endeavoring  to  l«irii  the  reason  why 
the  cotititiliientj'  of  fcrlillTcrs  in  s<>!ution  failc<l  to  reach  tl»c  dtyjHT 
lavers  of  the  soil,  filled  a  bottle,  hjivirig  ii  kiiulII  hole  in  the  bottom, 
with  *\Hf\  gnnlen  »oil  and  |wured  in  gnidiuilly  a  thick  stinking  manure 
juice,  and  ot>ser\"e<i  tlie  cloirnctcr  of  the  effluent,  which  be  found  to  ba 
klmovt  odorltaw  and  colorless,  aud  devuitl  of  rcriilirJng  properties. 


UETndDS  OF  SEWAQE  DISPOSAL, 


501 


But  tlic  fyslciii  of  i<cwiif^^  puriliraition  by  tlu?i  nioinx  hud  it«  bvt(iii- 

ninij  within  recent  yciirs  at  tliL-  cxiK'niiicnt  ^tiitioti  ut  Lnwrt'iite  umli-r 

I     thu  (iircrtion  i>f  tiie  E»giiicfnii)i  IViwirimcnt  ui'  llic  SinU*  Hminl  i>f 

^■Hcallli  of  MiL«Nicfiiimrttic,  mvl  is  now  in  iu>tiiul  um!  by  nuinv  nuinioi- 

H|Kilit)«i  in  tJiid  country  na<)  nbrcMid.     The  Hlt«r  IhxIh  arr  rondo  boiil  of 

^MimI,  mt  lirwr  tbun  0,2  mm.  t^titi  nlxi.;  iiud  ^nivd.     Ordinary  kHims, 

oJny.-s  and  peat  are  pmctically  useless  a^  tillering  materials,  on  awnunt 

of  t)K>  ditli^-ulty  with  whi«b  wiiUt  |ki«»i«  ibnmfili  them.    The  purilying 

afceobt  are  the  bacteria  which  are  soon  eMtabIi§hefi  uithln  the  intermiccs, 

an<l  thi^^  inoludo  both  anaerobic  and  iit'robio  varifttion.     In  urdt-r  timt 

butli    kinds   may  |>erfi>rni    their  office,  the  iij)(di»itttin  nf  the  Hewaf^ 

iBhonld  n1tenial(>  with  ihomiigb  aeratJnn  of  the  Ix-d.     Unh^xs  the  iijijili- 

Loition  be  intennitlent,  the-  anacmbic  notion  ulunv  b  enooimi^'d  and  th<; 

IproceBS  foils.     Where  sand  of  the  right  eort  is  not  obtainable,  many 

[other  mnterinla  iw  coke,  burnt  cLiy,  coal  diwt,  and  dudcrs,  have  Utn 

Ii»mI  an  &ubstitill«8. 

It  is  unniK'i>.stiry  In  disturb  the  main  liody  of  the  fllt4!r  nftcr  tlie 

■  JMeam  )uw  been  started ;  but  on  at^votint  of  the  tendency  of  solid  ma- 

Itrials,  such  as  ]»per,  etc.,  to  aecumalHt«  in  the  ui)]K>r  layers,  it  i»  found 

B(ce»«ary  ft  ruke  or  di(i  over  the  «iHaec  iw  olVn   iw  the  indieatinns 

paint  out.     Accordin)!  to  >tr.  X.  11.  fiomlndugli,'  of  the  Engineering 

[V]«nnient  of  the  Sriite   [Vxinl  of  Hi^iltb  of  Mii.'<KaoiiuK-lt$,  the  betlit 

rf  Ciiir  of  tile  filters  at  the  Lawrence  illation,  after  ten  years'  continu- 

wp  operation,  required  only  n  weekly  rnking  and  a  senii-annnnl  sjmd- 

ine  to  n  dejitlt  of  six  U>  eight  inchtrs.     In  five  yuirs,  it  hiid  not  been 

DKwisiry  to  remove  any  of  the  eloggcd  twnd  for  n>newal  of  the  siir- 

lur.     During  llie  tenth  ywir,  more  than  f'O  jxt  cent,  of  the  orpnnic 

latter  of  the  verj"  strong  I^wrenoe  si-wage  was  removed,  and  also  more 

(bin  99  per  cent,  of  tlie  lionfainett  iKietcrla. 

(t  hiw  been  shown  by  t)ie  exixriments  at  Tjuwrenoe  thut  100,000 
pllims  of  crude  sewage  ]ht  <ijiy  may  Ix-  iiiiritiiil  during  all  but  ttio 
wilier  inonths  of  the  ycsir  by  each  aere  of  filter  uiulcnlniinei)  ut  a  depth 
*rf  three  to  five  feet.  And  even  in  winter,  there  i.H  no  great  difficulty 
Is  iliaftuning  of  almost  iw  brge  volitmes  if  the  WtU  are  [ini|iiTly  looked 
■fcr.  atui  ]»n>vid*><l  the  sewage  Is  delivered  in  large  volumes  at  a  lime, 
"ilh  delivery  of  xmiill  (luiintiite.s,  lliere  is  mon.- diingi-r  of  fnv/iiif;. 

It  nh'itdil  V-  liiinie  in  mind  tluit  the  sewa^  of  many  kind^  of  manu- 

wrtiiriiig  c^tabti.-hmcnta  is  not  niiited  t"  sand  filtt-w  or  oilier  itrocesaofl 

*liieli  diiM.>»t[  for  tlM-ir  cflicienc^-  on  micro-or^iiiiMns,  because  of  oon- 

WniiiR  eitemicals  wbieh  will  ileslroy  the  life  of  these  neoeasary  agenti). 

WuiS  in  ihe  single  industry  nf  lanniii^,  at  Ic.-uit  two  subt'lantM.i'  arc 

""'l  which  interfere  with  bneterial  (.Towtli.      In   the  tirnt   place,  green 

*»iii«  are  quite  likely  to  Ih-  pn-.'^'rvtsl  by  means  of  eheniicjU  di.-infci- 

^*^  (■nlfonaphtol),  ami,  in  the  second  place,  when  the  skins  are  soaki<d 

P^'Wniton,-  to  ImviiiK  the  hair  removnl,  hirge  qunntilii^  nf  ehemii\-iis, 

u      ■jdiiwnrwnie  sulphide  ami  lime,  mixi^n)  together,  are  tisfl  to  tiicilitiitc 

^H   '*  proBWH.     Sewage  containing  these  sulwtanees  in  suilicienlly  largo 

^^^L    '  Jownal  Q^i^^y^^uHtt*  Aivockliun  «f  BnanU  of  HislUi,  Jiit>',  IttUS, 
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atnoont,  if  applied  dirH-tly  to  a  sau<\  filter,  will  quickly  iatcrfLTc  with 
ill*  officiency  by  dofttroyinji;  the  nitrifyijig  orjiauiiuiii^  Sewage  from  tlits 
in  Jiwtrj' win  tains,  in  uiklilioii,  ■<ii<-li  ii  very  Iur^<  luitoiiiK  ut'iir^iiicm.illvr 
in  niiHpensinn,  llmt  if  applied  directly  to  a  i^iid  filter,  it  will  cauM! 
ol'ttpii'g  vcrv  ([uioklv.  Hotitt  I.liis  ami  itlluT  iiidiiMriiil  si-wMgc  nf  o\>- 
jetrtioiiiible  chiiraeter  «h»nld  l>c  submitted  to  eeditnentutiou  or  other 
tntilnienl,  atvording  to  it<t  iiatiire,  an  a  preliminaiy  to  i^iul  tiltiiitir»n. 
It  lias  lH?eD  found  lliat  urseiiic,  fur  ini^tanoe,  niny  be  nMimved  eoniplelely 
by  jiiu-'.-'inp  (In-  -i-waji:!-  lltroiigh  coke  breeze.  "  I'lie  removal  is  |>niJialdy 
due  to  u  w>n)biu.-iti»ii  of  the  itnicnic.  with  the  inm  in  tlie  ti>kc,  ami  thip 
fiirniation  of  an  insoluble  double  salt  of  imn  and  arsenic,  whieh  Lt 
njtaiTHtl  in  ihv  eokv."  '  Filtrtitioti  tlii-ongli  poke  lia»  also  Kt'ii  found 
effieient  in  removing  the  organic  matterr,  even  when  the  sewage  ia 
appliiil  Jil  th.-  mt<-  of  2.".0,nillt  t^i  .'J0(),t)0O  fpiUons  ikt  aciv  daily. 
Other  kinds  of  industrial  sewage  may  rontain  other  objeelinmible  sul)- 
i«tanc<-.-<  tvhii-h  may  tend  to  riojr  th*-  liltor,  a8  };n>a.'W,  .-imp,  and  i>t)i«r 
materials,  and  thew  may  r«|nire  siKX'iiil  tivntmenU  The  inijwrtnnce 
of  gtniriling  ajrain-t  injtiri'  to  the  nitrifying  oi^iinisms  by  s]>eeial  sew- 
ages slioiilii  Ijc  boHK-  in  mint!,  an<l  aUn  timl  if  tlit-  pnx-cw  Ik-  »top[>cd 
Id  winter,  it  eannot  l>e  renewed  niitil  the  return  of  warm  wcatJier. 

6.  Other  Biolopcal  Proceasea :  DibcUn'a  "  Bacteria  Beil." 
Cameron's  "Septic  Tank,"  etc. — As  an  outcome  of  exi^riments  in 
the  further  ])UritkTiliou  of  tin-  i-ttltn-ut  uf  elii'triiniliv  tnaiti-d  .sewajp-, 
sprang  the  methtxl  known  as  that  of  Dibdin's  Bact«ria  Filter.  With 
the  idea  that  purilicBtion  in  a  filter  hvtl  i"  not  bniiijjht  about  wholly  nt 
the  surface,  but  that  the  whole  bulk  of  the  filler  is  concerned  thei-eln, 
pxpcrimeut0  wvre  miidi;  to  dotorniino  the  rc.4ult  of  lilting  a  bed  and 
restraining  the  outflow  for  dlfTerent  [xrioil*.  thus  giving  the  orpin- 
iwii.*  thninghiiiit  ihc  N^l  lh<'  sami'  oppiirlunily  for  artion.  Whin 
the  contents  were  allowed  to  nm  off  through  the  undcnlniins,  the  in- 
tcrstic*!*  of  the  Ixxi  became  filled  with  air  by  inspiration,  and  after 
Atuuding  thu*  for  a  time,  tin-  pnK'i^«  of  filling,  iftanding,  and  vni|i(yinj; 
was  repeated  continnou-ly  for  sis  days,  and  then  an  inten'al  of  twenty- 
four  hoiiri  vra."  allouiil  for  mmplctt?  lu-nition.  Thf  rtvnlt.i  obiaiiK-tl 
were  most  promising,  fhiring  the  first  month,  running  at  the  rate  of 
half  a  Riillion  gnllonii  daily,  the  ]iurifimlion,  mmsiired  by  thealbunii- 
□oiil  auiBiunia,  lun  Ik-Iwmii  70  and  SO  percent.,  and  aAera  full  month 
rmclH'd  8:1  |>er  cent.  The  efHut-ut  wai  thon  &»>  (Hire  that  fit^h,  plained 
in  it,  livc<l  niiiny  weeki!i.  I<titer  on,  the  plan  iKlopted  eompriMtl  two 
hout^  fi>r  filling,  one  for  standing  full,  and  five  for  emptying,  so  that 
the  cycle  wiw  conip!i-ti<l  in  eight  Itour*.  I'awing  filtrate  at  iJw  rut<'  of 
a  million  gallons  a  day  for  eight  weeks,  the  bed  was  found  to  sliow  78 
[KT  i-ent.  ofiiiirilM'alion.  TU-  gooil  rrwuli.i  wen- oli-n-rvi-d  io  he  yii')<l(>d 
even  when  the  »iralher  wu>  ^^i  mid  that  lee  formed  on  tl»e  surfuee. 
Prom  lhft<«  ex|»'riiuent3  it  appears,  then'fore,  that  the  puritying 
cmjuieily  of  a  filter  nuiy  be  exprtwsed  in  lennif  id"  enbic  «»  well  a» 
of  HUrfae*'  measure. 

■Kirjiivtof  ilioi^lcltonnliif  IImIiIi  >^  MwMch<iHU«  for  ISH  P- 430- 
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Id  con.'UHjiu'tK'e  of  the  favorable  n^iillH  of  tlH'iW!  cx|)crimcntti,  Mr. 
ii-iiiUhI  niiiiilar  Inuttiiitiit   f»r  cnKlo  bcwb^',  and  in  Ni>- 

,viniil»«r,  I  >*)">,  ihv  [HVH-ess  was  instiliitwl  at  Siiti>iii.  An  awragt*  nf 
it!l,l6J)  gnll<il»  |HT  ilay,  V*\mv\  Ut  7":t,ltOO  guUiiiis  j>fr  acrv  |»er  Jav, 

^vnit  trvati^l  witli  ^mhI  re^iilu,  tlip  piiriKo:itinii  aiii'mnlitig  to  •><>  ]icr 
iviit.  Thv  I'tiliKriit  WHH  tri.'iil<il  tiirtlit'i-  on  oilu-r  ImU,  ami  tliii.i  a  tola] 
n'<lurtiou  of  8(i.<j  ]>er  wnt,  w:i^  bri'iij;lii  iiIhhU,  TW  ftlhuiitjt  wore 
■Miirlv  iiKKliiiTiiM ;  the  nliglit  mlur  niit'^-T'lctl  Imnhly  tiirncl  ^inicii  mmI. 
During  llic  Ti  tlavH  of  obft-rvatiun,  tlii?  i^is{>cn(lccl  huliik  (lifiiMH^il  of. 
Ijv  IxD^itoriiil  agMiey  aniouiHwl  Ii>  the  (^[nivaK'nt  of  nion-  llian  a  ton  of 
^IdiI}^-  tUily.  M>  thai  not  only  wii-^  |tiintini(ioii  i-llVrtiil  nmch  moro 
Mm|tly  and  tli«i])Iy  llian    liy  clH'iiiii-iil  tivatmt-iii,  bnt   the   niinoyin(t 

I  awl  fXiMiiKivf  niatttT  i)f'  ^hulKt-  iliiixwil  wii-  iltww  uway  with  uiiliri-ly. 
For  the  dixpOHil  of  n  million  gallous  of  sewofnc  jier  tlay.  Mi".  Dil>- 
din'  n'T'DmmftxI.-  hh  follows:  l^'ibi-i*  bi'ini;  [NiHScd  on, In  the  bt-d.",  tbe 
ft'MiiKv  HbonUI  Ik-  M-ix.i'ned,  in  onler  tii  ixinovo  (ncc'biinii-:illy  ai^  nindi 
of  till-  »mi>cii<lf<I  m;itl<'iN  K--*  |MWf.iblr.  aixl  (Iu'hi-  may  Iv  linnufl  or 
bwriwl,  'rill'  liner  lailids  "if  plartsl  ii|h>ii  a  lilk-r  voii.ttriK-tcd  in  tlio 
<inliiiary  inaiinpr  with  a  Ktratnm  of  fine  material  U)>on  the  eiir^cc,  will 
■t  i»i)(v  fonn  u  layer  of  iilimy  nun),  iuiiHilitif;  tbo  (irogriw  4if  (Ik'  water 
into  ibf  |Mirps  of  the  Hlter.  and  [tri'ventiiiu  the  cntram^e  of  air  so  nece»- 
Hiirv  for  Un*  Iwnltby  lift-  [innrNHt-H  of  tin-  bacti-nn,  with  tin-  rt'siilt  that 
in  »  Bborl  tiinc  the  whole  mass  befonic?  putrid,  irnd  tlie  *  filler '  is  u 
fill  lit  re. 

"Tlio  (\T*t   »Pt   of  bnctrrin   bedit   should,   to  be  on   the  mfe  lude, 

have  n  <'olIertive  caixicity  of   160,000  pubip  feet,  dividini   into,  my, 

nint-  {nirtiiion^.     'nH-.-v-  lx-<).-*  aIjiiiiIiI  U>  lilltil  with  <-i(hiT  coke,  burnt 

^Ixilljist,  or  other  HUitubk-   j^nbitlance  which  has  been  rejooted  by  a  half- 

H^K-h  mt^h,  ill  ord«r  to  exclude  dnnt  and  .initdl  ntiifl',  unci  t)iii>'  Icpsi'Ii  the 

^chniMV  of  ('lotT);ing  from  the  aix-umuhition  of  sludge  and  the  xotiglea 

form  of  bacteria,  which,  by  it*  )ci<Iatii)ou.»  eharaett^r,  under  fiivomhle 

nttHlilionn  tniglil  di-veloji  to  a  "iiflieient  extent   to  awint  materially  tn 

Iri'mli-riiig  the  filter  iratf^r-logged.  ...  In  addition  to  thin  set  of 
Iwls  inifil  with  coarse  8tuB',  a  second  !*eriM  of  the  «ime  wipaeity  nhould 
WmiMtmetctl  nt  kik-Ii  n  level  that  they  <»n  be  filled  without  |uin)|iinK 
ftnin  th«  tin^t.  '\'\\i-m-  .should  Ih'  I11Ii-<I  with  the  tiue  eokc  or  luillaot 
)ii"eil  by  tlie  mIUujl;  in  the  first  iniitiiiiee,  but  the  line  duM  should  be 
"jretetl. 
"  If  it  Hhould  Ik-  desired  to  obtain  n  ntill  more  perfect  effluent,  aiul 
•nn  til  n^lixe  the  iileal  of  |H'rl'ection,  namely,  an  appruacli  to  drinkiiig- 
•UiT,  another  wt  of  filter  IhhU  of  the  Kline  area  a*  llif  forepiinj;  may 
W  iirovidi.il  in  ihoM-  raw"  wheiv  the  levels  permit,  and  tilled  with 
'*n'  liiK>  bnvJH'  or  tine  Hiind,  mkIi  hh  that  umiI  by  the  water  iihu- 
Nnink"  Tlie  UhIm  of  nwh  laerim  arc  to  be  filletl  In  order,  and  when 
m.%  In  fille<],  No.  I  is  nwly  fiir  its  sii-ond  clinrKe,  and  so  <in.  Allow- 
i^r  one  boor  for  Kllirig.  two  for  i-iTlinft  fnll,  one  for  emptying,  and 
iW  for  rusting  eoiptj-,  i-acb  l>ed  can  rweive  three  eliangcA  in  twenty- 
'  Purilimtion  at  lavage  aiitl  ^^'ntf^r.  Ijmtlcni,  l<^,  p,  ISD. 
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foiir  hours.  The  ninth  bed  is  m  lie  held  in  r(»cr\'e  to  replaiv  any  one 
whicli  (liny  he  llin^wn  out  of  uciion,  nnd  "  it  would  lie  u  ii-mj-IuI  nrniiiKV- 
ment  to  sy-iteniatically  throw  one  tank  out  of  aetion  eaoh  day,  thus 
giving  ihoni  nil  ii  iljiy's  ri-»l  naw  in  nine  diiyf"."  Th<- t-ftinency  of  (\w 
various  beds  may  be  dttermiut'd  nceiUiioually  by  teetiuj;  the  filtrate  for 
nitrates,  the  preseiiue  of  which  in  iiiirly  regular  ainonnl  is  cvidenoi-  of 
iinini|ciin'<l  activth'. 

Aeeording  to  Dr.  Clowes,'  the  firMi  eftliieiit  of  the  exjH-riini-iital  <'tike 
bfifN  III  Cn)N*nc.t.«  for  the  treutnicut  lyi  London  sewiyje  ii;  of  such  s 
character  that  fifh  can  live  in  it  for  months.  The  whole  of  the  sua- 
pend<»l  iniittcr  nnil  ■'il..1  jut  wnt.  of  oxidiwrble  and  putrewibic  mnttent 
are  removed  by  a  single  treatment.  Double  treatment  raisefl  the  per- 
centage from  ■il..'S  tu  ()9.:i.  The  <k'i)o«ilion  of  wlliilosc  in  vnrioux 
forms,  a*  c<;>ttiin,  [Hiper,  wixhIv  matters,  straw,  and  chaff,  which  matters 
do  not  ap]>ear  to  be  acted  ujmn  to  any  ext<'nl  by  iHM-lcriii,  tvu^v  eon- 
I  eidvruble  cluing  of  the  iuteriftices,  and  hence  rwluces  the  capacity  of 
llhe  (liter.  It  was  estimated  that  the  rt'<]nrtion  amounted  to  uliout  a 
tliirtl  ill  tell  month !<. 

At  8utton,  it  should  be  said,  there  is  a  catehpit  to  intereept  the 
heavier  matters,  and  aUo  a  very  eilinenl  seivening  iiiuehiiie ;  and  siiH'c 
the  *ewa({e  conies  ilowni  in  so  fresh  a  condition  tliat  neither  tlie  jtaper 
nor  the  solid  fieees  have  hail  a  ehrinee  to  din  integrate,  n  ven,'  lai^ie  [n-r- 
oentagv  of"  orpmii-  ni:itli  r  ti<-vcr  reaches  the  filter  at  all. 

Ths  OameroQ  "Septic  Tank"  pnieess  is  one  in  which  the  anaSi'ohic 
bacteria  are  firrl  utilized  for  the  purpose  of  hastening  decomposi- 
tion of  the  oipinie  matteis.  Contrari'  to  the  general  opinion  that 
sewage  ouglit  ;ilways  to  be  trtnteti  bi-fore  the  bcfrinninK  of  putrcfai-- 
tioii,  ill  this  system  the  sewage  is  kept  in  storage  tanks  out  of  eonlaet 
with  iij^ht  um)  air  until  the  urgnuie  matter  i.*  broken  down,  and  ihen 
U  passed  on  to  bacteria  beds,  where  the  aerobic  forms  continue  the 
work. 

The  firf^  attempt  at  purification  of  town  e«n'age  by  this  f^stem 
WMs  iu'tiinied  at  St.  I^eonard's,  a  suburb  of  l-^i-ter,  Kiiglaixl,  by 
Mr.  t>i.>nuld  (anieron,  whoe«  initial  plant  eonsii^tvd  of  an  under- 
ground ooveml  lank,  sixti'-four  feet  long,  eighteen  feel  dp«p,  and  of 
nn  average  <lefith  of  »  liltle  ninn*  tlwn  •^■ven  feet,  and  five  Dibdin 
lucleria  Ixxls  tilled  with  coke  breeze  and  clinkers.  The  crude  sen-age, 
bel'ire  culeHug  ttw  lank,  [muwch  fin>(  into  a  grit  diauilicr,  whieJi  ii^ 
ihree  feel  deeper  than  tlie  tank,  and  in  thi>-  the  heavy  matters  fall  and 
are  iletnined,  hut  may  Im  n:iiiov<-d  without  inlcrrujition  of  the  pmcwset 
in  operation  within  the  tank.  The  sewage  is  not  >^reenc<l  in  any  way, 
aii<l  eiilcm  the  tunk,  after  passing  tlie  grit  cltaniltt-r,  liy  inlets  plaenl 
five  fivt  Ik'Iow  the  surfsrv,  Tlicw  are  ft  \A:\rvi\  for  several  rea«iu»: 
llic  nruiii  fiiMting  on  tlie  surface  b  not  distuH>ed,  gases  from  the  tank 
mnnnt  cMupe  backward,  and  air  numot  enter  the  wwiigc.  lo  tli« 
tank,  (he  x-u-age  underg<jes  putrefaction,  the  ort^inic  matters  being 
broken  up  iulo  simpler  noluble  forms  ami  in  gitiit  jnirt  couvenefl  lo 

*  BWWritl  TnaUMOl  of  Sfirajcr.     t<«C«nd  Report.     IjmAim  I'mnOy  VtmavAi,  1X&9. 
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carlwa  dioxide,  i^iilphurc'ttt^^l  hydrogcii,  aiumoniii,  nitro^n,  and  other 
fjiisc*.  Tilt-  flow  throitgli  ilii-  liiiili  is  i'iiiiiiriiiriii.-<,  liiid  tlic  ifflui'iit 
pai^scs  off  thruiigli  outk'ts  Iwatol  at  tlit-  IJirthcr  c  nd  at  llit-  «imi'  level 
4R  tlie  inlet(4.  In  tlie  center  i>f  tlic  tnnk,  an  init]>octjon  chamber  of 
brick  nnil  tbit-k  )»iiitc  ntuw  is  wjustrncU-d,  iiutl  fn)rn  tliic  tlic  jirot'p^jiw 
(toinjr  on  may  1h-  iihswvwl.  At  the  Mirface  ol'  the  liquid,  a  wiini 
ahont  two  inclir-s  in  lliirkiiii^Mi,  (■on>Utiii^  of  flon-iiK'nt  niiitlvr  in 
various  stages  of  dcconipowtioii,  Is  formed,  cmch  of  it  brought  np 
from  the  bulloiii  by  ^»c-<  formixl  in  the  pnxx'i^s  of  dt-CMiniporiition. 
Throughout  the  tank.  countle«»  stiiall  nui>vie»  are  seeu  riuhig  through 
P'm'ntlioii  of  [ptses  ami  fulling  by  tbeir  own  weight.  Kvery  tiinc  a 
pEirtide  rises  or  falls  it  Icwes  iu  volume,  anil  tinally  It  diNippears.  The 
effluent  from  the  tank,  hrowni.ih  yellow  in  color  aud^flenflive  in  i«lor, 
\»  next  adniitt^^l  to  the  buotcriii  licd^s  where  the  nitrifying  orpaniirna 
]»crform  their  shai-e  of  the  work.  In  its  Journey  to  these  bwls,  it 
IBUvM's  in  ]i  thill  luver  over  the  ^iiW  of  trough''  elosefl  at  Imlh  eiidn, 
and  thu-i  becomes  aerated  by  contact  with  the  air.  By  an  automatic 
Hrrangcincut  wbieh  regiilult^  the  tlnw,  one  IkhI  rcniiiiii^  full  whilu 
unother  \6  being  filleil,  and  ufWr  a  certain  time  is  allowed  to  empty. 
Four  Ited.*  an-  kept  in  use,  the  fifth  resting  fiir  a  wwk.  Each  bwl, 
then,  ih  in  <j|K'nitioTi  four  week*  out  of  every  five,  and  atUr  it«  week 
of  rtwl,  takes  the  plac*^  of  the  one  which  lias  been  longest  in  use,  Thft 
HiHVi  mil  lilt  ion  of  <iliidge  ill  l\w.  tank  is  ver^'  itlight-  It  aniouutei]  to  hut 
fifleeu  inches  at  the  end  of  ten  months'  trial,  during  which  time  more 
lliiin  I7,n00,'iri0  giilliiuM  of  .'cwage  were  Irwited. 

AnaK>ifi  has  shown  that  the  oi^nic  matters  in  sf)lution  are  reduced 
in  iimouiit  ntiirly  a  ihinl  and  the  KUi:^]H'iult'<I  oiatlei's  more  thtiii  a  iiidl' 
by  luicterial  action  within  the  tank,  and  that,  after  jtai^iiig  through 
both  the  tank  and  the  l«wteria  b»'<is,  the  w^wagt;  lose-*  praelieally  all 
of  the  tiUs|>endeil  miitlers,  and  triure  thuu  Hf  per  ecnt,  of  the  oxiiliailtle 
organic  substances  iu  solution.  The  effluent  fr<im  the  beds  is  luirly 
Hv^ir  ami  'uflieieiilly  puiv  to  warnnil  its  dii<clmrge  into  a  wiitor  eounw. 
It  is  claimed  even  that  it  is  lit  to  drink. 

The  advaiiliigir  of  the  tank  lief  in  the  reduction  in  the  amount  of 
»n»^pen<le>.l  matters,  whereby  less  clogging  ol'  the  surfiice  of  the  lietl 
oeeur>,  and  in  relieving  the  ln-<l»  of  nuieh  of  the  work  of  disponing 
of  organic  nuitter  by  nitrification.  The  cost  of  working  is,  luoreover, 
very  slight,  inasmuch  ai  the  np[)nra(ni«,  by  n^'^n  of  its  ingeniona 
gviHA-m  of  autjjmatie  gi'su-s,  reipiircn  little  supervision.  It  i*  «ii<]  tluit, 
with  this  system,  as  niiK'h  as  .'ili;t,(l(10  ipiilons  per  acre  of  bacteria 
IkkIs  can    Ih'  disposi'd  of  dailv  without   niiifiinee. 

The  Scott-MoQcrieff  System,  iuirodu'-eil  in  ISHO,  at  Caterham,  Eng- 
land, I 'Oil. lints  iif  a  lank  lillol  wilJi  broken  flints  and  other  efiar.'te  matf- 
riai  resting  rm  a  pei-fomted  Irattom,  and  a  Alter  consisting  of  a  scries 
of  trays  eontainini:  eoke.  The  sewagv-  enU'r.i  the  tank  continuously 
henwith  the  pcrfor.iteil  bottom,  jhijiscs  upward  ihrimgh  the  llinti*,  and 
in  its  passagi^  is  suhjectetl  to  the  infliienei'  of  the  anaerobic  species  of 
bftirlfria  alone,  excepting  that,  at  the  »url)iw,  the  action   i,*  aerobic  to 
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a  alight  extent.  It  pasHes  tlience  to  the  upper  trays  of  the  filter, 
where  the  action  is  wholly  aerobic,  and  flows  continuously  downward 
from  tray  to  tray,  becoming  more  and  more  oxidized  and  nitrified, 
the  resulting  effluent  showing  a  very  high  degree  of  purification. 
The  system  possesses  no  advantage,  however,  over  tlie  septic  tank, 
which,  by  reason  of  the  absence  of  filling  material  (flints,  etc.),  has 
greater  capacity  for  sewage,  and  which,  therefore,  may  be  operate  at 
lower  cost. 


CHAPTER    VII, 
DISPOSAL  OF  GARBAGE. 

(5arba(ie  comprises  nil  iiiiiinifir  ofwa^iip  nisitmal,  and  its  disprwnl 
i*  of  vt'n'  great  cci'iioniii'  iiiul  .-miiilarv  irii|Mirt;iiK-i'.  Tlic  ilailv  nri'imm- 
iation  in  towon  and  cities  is  enormous,  and  its  runioval  at  ix'gnliir 
interval*  I.-*  a  matter  of  gmil  rnnrprn  to  mni)ici{)iil  nrlininiHti^tiou. 
From  a  liyplt'iiic  slandpnint,  the  pmiiir  <lt!f|iiisul  uf  kitelwii  w'jiMe  mid 
fltlier  di-ciiiii|ins.iiilt-  m:it*Tial  far  otitwei^dis  ill  iniporiancc  tlie  ri'moval 
of  f^uch  matters  iw  wai^to  i«i]>er,  iwln--*,  disnini^il  liimts  mid  *lii>e-*,  tin 
cans,  bottltw,  and  other  rubbish,  whlcli  in  no  way  ran  affect  the  public 
health,  ijiit  whieli  fi>r  vnrioii.<  pwimiii.'*,  may  iint,  Im-  allowed  tn  m^uninlat4> 
in  the  brm.sehold.  In  rnral  districts,  the  di«po»il  uf  fmrhajre  in  jjeuend 
in  eXi-fiilinnly  simple;  bul  hi  erowdrd  i-omniitnities  it  ent-iiU  gnat  ex- 
pense, and  is  usually  a  very  coniplieatM  pnitilcni.  Sinee  tliis  work  u 
conocrni>(l  solely  in  niattora  of  .-tanitary  interest,  and  not  in  economics, 
the  eouskieration  of  this  subject  will  \k-  restricted  to  the  method)'  of 
disposal  of  tho>ti>  matters,  the  retention  of  which  on  owuipied  premises 
niuy  Im-  repink^l  lis  dctrimeiitui  to  bealtli,  namely,  those  known  lU 
kitchen  refuse,  or  swill. 

The  metliods  of  db]K>sal  of  tht^se  matters  eonipriw  those  which 
may  be  airried  out  by  tlie  individual  householder  on  the  spot, 
und  ihti-if  n<lo|>iciI  by  nuinieipal  authority  after  lioiise-to-hmiw  col- 
lection. 

In  nmny  households,  refuse  is  dixjiorHiI  of  by  biirninf;  in  the  kitohen 
fire  with  or  without  a  preliminary  process  of  dryin)r,  for  which  a  num- 
ber of  wiitiple  iip|Niratu.-e!<  have  bei-ii  <Ievisc<l.  A  ven.-  efficient  ai'imip'- 
mcnt  in  common  use  consists  of  an  enlargement  in  the  lower  piirt  of  the 
stovepipe,  forming  a  chamber  into  whi(!h,  tliroui;h  a  di»orway  in  the  end  or 
juide,  the  refnw,  in  a  suitable  metallic  holder  with  ]K.Tlonite<i  si<ie.<  uud 
bottom,  is  introduced.  Through  thus  the  !mt  air.  (pises,  and  smoke 
from  llic-  iiri'  |iii>.t  on  thrir  way  to  the  ehimmi"  (hie,  and  thus  eompU-tc 
<lryin;j  mid  parlial  earlwniuation  are  brought  about.  The  dried  residue 
is  disposed  of  Knally  by  burning  in  the  »tove,  where  it  serves  a  useful 
purpow  as  fuel. 

In  country  and  suburltan  districts,  kitchen  waste  is  advantageously 
di»|H>Hi>(l  i>f  by  feiL'^iin}!  it  in  a  fresh  and  sweet  condition  Ut  swine  and 
fMHillry.  and  deprwiting  in  the  soil  such  matters  as  they  will  not  eat, 
Burving  in  iIk-  .■•oil  is  a  simple  anil  efHi'tive  inethr.id  of  di,t|Hii<al,  entail- 
ing but  little  labor,  since  it  is  Wst  not  to  dejtosit  it  vcrj'  deeply.  Xear 
the  surface,  deeom[>osition  occurs  mjiidly,  and  so  a  covering  of  vurih 
a  few  inohcs  In  depth  is  Kuffieient  to  prevent  contamination  of  the 
atmosphere  with  noisome  oilors. 

Mr 
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The  inethodfi  adopted  by  tnuni<-ipal  BtitharUicA  compri-te  diimp- 
inj;  inu>  the  tua,  dii^jtosa)  to  farmeiv  for  Bwiiio-ftt^tnf;,  iitilicittoa 
as  food  for  herdH  of  »wiiir  kc|>t  tor  Iho  [>(irp(iii<«,  and  reduction  mid 
iiKim-rntina  in  furnaces  of  spcc-inl  ouiiHtruc-tion,  knnwii  n»  dv^nicU>r&. 

Dumping  into  t\w  -■•ai  iri  <i|>«'n  t4>  the  objiwtion  that,  under  fiivorinp 
oonditiuiu  uf  wind:^,  tide<i,  and  ourrciit-'<,  mmrli  iimt'Tuil  ituiy  lie  vm^bitl 
iwborv,  iiiid  lKxiomi>  a  nuinance  and  eyesore  to  the  immediate  Deigh- 
Imrhood. 

IMAjHinal  to  tattnerH  involves  cartage  over  miks  of  rand  io  wagons, 
which,  if  not  l«iky  fur  liipiid  inntu-rs,  iit  Iwuil  jx-niiil  lb<'  i-i'capc  of 
iiaU'^eoiui  odors,  to  the  nniioyiuiue  of  ilwellen-  un<l  travellers  alonff  (he 
rcnttc.  It  involves,  also,  i«ti)ni}re  for  itt  l<»At  »  sHuvt  ttiiii>  nfU>r  eolleo* 
tion,  unless  the  (pirbaf;!-  wagons  can  tbenj$clve«  be  i^eot  into  tbe  coun- 
try— a  proocedinjf  which  can  Imrdly  Ik*  re^rdwl  by  liix|»iy«-rs  as 
cfinsislcnt  with  the  i>ni|x;r  niunngniunit  of  mtinicijial  n-vcnnv^.  Tins 
]ieriod  of  Atonip.>  is,  in  effect,  a  continuiilion  of  that  whii-h  ha-,  |icrha|Nr 
extended  already  tlirough  wveral  dny»  or  a  week  befon-  collection^ 
during  which  time,  various  fermentative  proocases  have  been  activK  in 
the  production  of  cotii|Mmndti  nf  olleii^ivc  vhnnicter, 

Iitcincrtition  at  special  Mation*  for  the  destruction  of  enHll  and  nil 
other  combuftihle  rnhhinh  iw  U-ing  widely  adopted  by  liii^>  (?oiumiini- 
tie«,  and,  in  niimy  {)laco«,  liiut  provixl  to  bo  not  only  the  most  econum- 
ienl  nii-thixl  of  dinpoKil,  hut  even  a  source  of  gain.     To  ^ueh  a  station 
arc-  bri>ii};!it  the  daily  coIU-cfions  nf  giirliiigc,  which  at  oncv  iindet;^  a 
pntci-is  of  sorting.     Pap<T  and  pasteboard  are  iitiliTed  in  the  furmicf'Ji 
as  fuel  or  arc  jiolil  to  be  imcd  in  the  inuiiiifaeture  of  (he  dumper  grade» 
of  pa|)er  and  cardboard  ;  old  shoes  and  boots  are  dts|Msed  of  to  maker» 
of  artificial  leather,  niid  nibbrrs  and  ovci-sImx-s  to  tnaiiiiructiirLTM  of 
rnblxT  gtKHls  ;  tiu  cans  are  bcjited  to  recover  the  solder;  piee**^  of  iin- 
conHunied  coal  are  cnllccliil  and  nwd  or  .-told  for  fiu-l ;  broken   fiimi- 
tutv,  boxii>,  barrelK,  find  other  wooden  objectr-  are  aplit  up  luto  kitvdlingi 
and  excelsior  etufling  is  utilixKl  in  the  funinces.     In  short,  Rliwwt 
«vcr^'  kind    nf  riibbisli    may  lie   titilixect    in    Mime  way   ti>  advaniig^. 
Tlie  ]at<"  Colonel  (teot^  E.  \Varing.  -Ir.,  experiuieiitiiig  in  Nr-w  Ynrk 
wttli  a   loMj;  Ir.ivelliiig   hclt,  on  which    the  c'linhiinlible  wtiMc  fnmi  a 
district  containing   il'0,iJtH)   people  was  flepof^itod  and   picked   o\t-r, 
found  that  DO  jht  cent,  of  it  wa.-<  .-uilable,  and  but  10  {i«r  cent,  n.-maim'd 
to  be  iWtrnyt.'d  by  fin'.     In  i^omc  establishments  now  in  opemtlon.  a 
long,  Iniv'elling,  cndlcjv   l>ett  of  steel   phite.-i  in  employed,  the  eana 
(luinping  upon   it  nt  one   plmv.      A^  the  inaterijil  |kii!»c?i   along,  il  Id 
sorted  over  <jiiiekly  by  men  on  eitlicr  side,  and  what  is  left  is  wnvL-j'ed 
onwnni  to  a  bin,  fmiti  which,  in  time,  it  ptustm  to  Uie  fuimacr,  to  tern 
to  destmv  till'  kitchen  ^vaste. 

It  would  Ik-  iiri{)0!<t*ibU',  even  if  it  wfrc  not  nniH'CVMMry,  to  givf 
in  detail  a  dc^riplioii  of  the  many  v-aneties  of  msebinei  and  fur- 
tutces  which  have  been  iiiventi^l  for  the  incineration  of  refuM.  I 
general,  it  may  be  said  that  a  d<wtriiot4)r  consists  of  a  fiiroaee  with 
chamber,  provided  with  grate-bars,  in  which  tlte  dry  or  partially  dri< 
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ofTiiI  m  burned ;  and  a  Jtecnod  rlmmlMT,  in  whioh  it  U  subjected  to  a 
pcvliiuinarv  imnT->«  of  drying.  Tliix  .ii-ooud  clmmlxT  is  placctl  bfliind 
the  front  Gi)ni]uLrtmt>n(,  which  rccpives  the  drifMl  ^irbage  and  other 
oonibiutibh'  miit«ml  wi^'itig  ili  fii<^l.  In  tho  1h-m  forinii,  two  lln-s  artt 
maintained  :  one  at  the  forward  end,  niid  the  oeeotid  iit  the  iftHvk  end 
of  tlic  furnaco,  the  liitlcr  Ix^ing  desi)f;ntHl  to  iuHure  oompletii  oombuMion 
of  \-a(H»re  and  diwt  Ix'fore  cntninw-  t<i  the  chimney,  from  whiitli,  otlier- 
wist',  ibcy  might  issue  in  sneh  a  form  i\a  to  <Teate  serious  ntii^noe,  not 
r'^ploni?  to  Hie  ininKxIiiKv  neigbhorliiKKl,  liut  even  nt  con»id<^rable  il)8- 
tmncs. 

Thf  burning  of  tb<^  wnoke  and  fnmi-fl  is  verj-  etwential,  mid  fniluru 
to  provide  therefor,  or  the  iniitiewwfiil  oiteration  of  the  fnirie  erefnalor, 
haii  cniiMil  tlie  iil>undonmi-nt  of  many  jilunu,  whii-h,  with  U-tter  iuxtal- 
lution,  should  luive  workifl  Hiict-eivifnliy  nnd  to  piibliu  wilii'fiietion. 
In  many  Rnglinh  eilie.*,  (le&tnielor  furnaces  Imve  been  in  o(>eration  for 
yeurn  in  clow  proximity  to  dwellinff,  sirhooU,  atu\  liiiN{)it»lH  wilhnut 
nuiiing  oUenee.  At  Rating,  for  example,  the  furnace  In  locaie<I  at  a 
«li)itanw  of  IHO  yurilf  from  two  hoxpital.*;  in  Whitt-chujx-l,  witlitn  a 
very  few  yards  of  dwelling  houses  in  the  mid«t  of  a  verk'  (wpulous 
dixtrirt ;  at  Iji'ieester,  but  a  very  few  yards  fnim  ji  large  seliool  ami 
immeiliiitcly  ailjotuiii^  ii  eoii«iderable  number  of  dwellings. 

'ITie  fume  erematrtr  eim^'ists  of  a  rt'verlwratori'  arch  with  rings  of 

HnJinRk,  plncol  in  tlie  diri-etimi   tiikeii  by  the  gii^^'j*.      Pnyecling  rib« 

dHlrat  the  vapors  to  the  top  of  an  intensely  hot  tire,  in  wliieli  tlipi-  are 

ilMtroyu).     Provision  if  nmde  for  i-sipid  removal  of   imIics,  and   for 

drafts  of  air  at   needed  jioints  to  maintain  a  continuous  teniperatnrc 

hIkivc  li.OflO"  F.     The  heat  prixJurtnl  is  oommonly  ntilimit  in  the  pii>- 

iliKtion  of  stouni  for  the  eti-iiiic  which  doe^  ihe  neoei^ari,'  hoistiiiu  and 

OIIrt  work, and  ib-iM-  tin   -Imfting  uonnecti-<I  with  the  endk^*!*  Iwlt  and 

other  applianveit.      Another  inott  iii'efnl  and  vconomiuil  application  is 

the  utilinition  of  the  great  store  of  enepg>-  for  maintaining  eh'ctrie- 

lighl  plant''  for  ligliiing  the  premixt^,  and  even  the  public  filrwti*.     In 

Ni'W  York  and   IkiMt'tn,  the  surplus  energy'  is  utilized,  but  at  most 

«)tiKT  plants  in  tlie  1)4  citi«H  nnd  town.i  of  tJiin  <^oiintry  whieh,  in  I81I9, 

yivTv  uning  the  prtKetttt,  the  honl  ts  >vaxted. 

At  (he  beginning  of  189!^,  HI   onmnninitim  in  Gnnt   Britain  went 

«iijJoying  tiiriu'.'nition  um  tin-  chiif  mcnn(>  of  di*|Ki!«al  of  refuse,  and  (»J 

of  ihem  turned  the  develojied    lii-at  to  some  useful  purpose.      Aliout  a 

(bird  of  ihe  nnml«T  nw  the  poWiT  for  t-lcetrio  light.*  for  the  work"  or 

strrebi,  or  l)oth  together  ;  nearly  two-thii-<ls  niainbtin  mills  for  grinding 

•naieriaU  f<ir  mortjir  nnd  clinker^  for  jwitliwiivi* ;  "ix  employ  llie  steimi 

"'f  (he  pur}Ki.«e  i>f  publie  disinlection  ;  several,  for  pumping  wewage,  and 

WinTs,  for  various  ii.-efnl  pnrpost-s.     In  one  city,  ;i,O0O,0(M)  gallons  of 

*"*^M'«gi'  lire  pum()e<l  llirougti  u  twenty-foot  lift,  the  works  arc  lighted 

"y  clectrieiiy,  the  shops  and  forges  of  the  municipal  sen'ice  are  ftui>- 

■f**'Oil  with  jKiwer,  and  other  work  nlwi  \<  [H-rfonnni. 

Redaction. — In  tlie  rolnetion  procc^^.s,  the  kitchen  gnrbnge  is  stored 
tttnkn  whieli  i>ermil  the  draining  away  of  most  of  the  \t-ater,  which 
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b  *on«iuct«I  (lirertiy  t"  ii  sowit.  Nrxt  it  im  driixl  in  cyliudrical 
j^ti«ni-jjiokt-tt'il  tfliamljerM,  into  whipli  hot  air  and  superheated  sleani  are 
rondiieUtI,  tlw  pnMV^  rix[iiiriiig  iiboiit  six  lnHint.  Tiic  nmtcrial  lusca 
ulxnit  tl)rM>-tourtlis  of  it*  wciglit,  which  pacf^s  >iff  in  the  form  of  atjiip- 
oit»  vajKir  and  is  (imilcriiMiI  mid  di.->0-har{ri-d  iiitn  thv  M'Wcr ;  the  non- 
coiidoiiniblc  etinkiiiK  vnporn  are  div|M)M<d  of  in  the  vatior  crcmalor 
couiifi^vil  will]  llii'  hoilors  in  which  the  sU'am  is  gfin-nilifl.  The  dricl 
ro.'iidiie  is  next  itilnxltK^'d  into  taiik"  of  naphtha,  and  the  whole  is  heated 
hy  i>t(«ni  Wills  nnlil  all  great^p  has  b«'n  removed,  when  the  naphtha 
solution  is  wiwiniUHl,  This  i«  thfti  distilled,  the  naphtha  fms^inp  over 
and  Ix^iiig  rei'laimed  for  repeatwl  use,  and  tlie  liit  n-inainiiig  iN'hind  as 
a  vuhuihle  prmhiot.  TIk-  exinieiwl  rwidiio  iii  drii-d  itgain  and  worki-d 
up  into  fertiliser, 

lte<hielioii  iiK-thods  are  applieahle  only  tn  large  citiLtH,  and  ninuc  it  is 
almut^t  iiu[x)ivilhie  to  eoudtiet  the  works  without  cretitinf;  a  nni»^iice, 
iht-iK'  should  Ih'  loeatMl  at  ^ueh  a  di.ilaiiee  from  a  eominunity  llml  die 
value  of  projH-rty  may  not  he  impaired,  and  the  <laily  enjoyment  of 
life  limy  l»e  in  no  way  sensibly  abridfred.  If  tin-  amount  of  colleotjihle 
kiteheu  w£wt«'  i^  miHieiently  liirfre,  wy  that  fr<jni  a  population  of  at 
leoj^t  1  .'')0,l.ll.Hl,  and  if  the  works  ejin  lie  m*  itlaeM  aw  to  eailse  no  nilii^ance 
iin<i,  at  thejtame  time,  not  to  iHic-ssilnte  a  loii(j  mid  exiH-iwive  ImiiJ  uf 
the  material.  re<litction  has  lieeu  found  to  fullil  both  the  saiiitari'  an<l 
the  evimoinic  rt'ipiir<*menls,  r.he  yield  of  gn'asi'  nii<l  ferliliwr  having 
coiii-idemble  \-aliie,  thus  redueing  materially  the  eoet  of  diirpo>«l.  Bu^ 
us  in  the  c;i^e  of  Kewa<^',  it  shonlil  Ih;  Ixirnc  in  mind  ihiit  the  removal 
and  diB|>oftal  of  wasie  ai"e  sanitary  niejiiiures,  and  filioiild  not  be  viewed 
too  miieh  from  the  standpoint  of  profit- making. 

If  the  quantity  of  j^rbnge  eolleeted  i^  too  «mall  to  warrant  treatment 
by  rwliietioii  pn>«-.isi\-«,  it  may  !«•  burned  to  nilvHiiljip-  in  tleslnietors. 
A  eombinatioii  of  the  two  ntethiKl-,  reduelion  and  i  Tenia t ion,  would 
seejn  to  be  die  nuHl  advantajipons  for  e<tmlll^lliIie^  pnNhieing  a  verj- 
Ittim-  (l.iily  amoniit  of  (rcnenil  wuntti'.  But  the  |>ot*sil>ility  of  niiiMiicv 
from  all  re<luetioii  worke,  a  nuisance  which  has  canserl  the  iibandon- 
meni  of  the  gritit  majority  of  the  pluiii«  whi<'h  liave  Ixeii  instnlled  in 
thi!<  eountn',  •should  ever  be  Ixirne  in  mind,  even  though  the  uui^^ncc 
be  liniititl  to  a  snmll  ix-reentagt-  of  rlw-  |H>pulaiion,  who,  if  they  wm- 
phiin,  are  rt-ganleil  by  itie  re»t  af  unduly  uensitivo,  prone  to  mngiiify 
eniall  discomforts  and  give  them  a  factitious  importance,  and  ineon- 
siiU-rjte  of  the  gi-nern!  welfare,  whieh,  even  if  Iriie,  (".in  ni>l  deprive 
iheni  of  their  right  to  appeal  to  the  courts  for  the  aluitemeot  of  the 
atuse  of  ilieir  di!>conifurt. 


CHAPTER    VIII. 

DISINFECTANTS  AND  DISINFECTION:. 

DiKiNFB-rASTn,  Of  germidileH,  are  ag«nt&  which  Imng  ahnut  tlie 
ilwtniction  uf"  luiru-riti  in  (iciirral,  mid,  itmre  jinriiuiiliiiiy,  nf  tlmsi-  that 
act  as  the  exi'itiiiji;  ciiupws  of'  <liim'a)i<?.  \\  hile  they  ;ire  all  to  he  claiwMl 
as  uritisfptifs,  th<-  lallcr,  iw  »  f\ii.^H,  art-  hy  nn  iikiiiih  m-iH.wwirily  ilij^iii- 
fectauts,  since  iminy  of  them  act  liimply  to  delay  or  jirevciit  the  action 
of  ttTuii'iitntiw  ngi'iiU,  without  oxerting  auy  deatmctivo  iiifliu'tic-*?  njion 
ihera.  C(i!d,  i'nr  cxjiniplc,  !»  a  uio(tt  cflificnt  aiitific|itic;  hut  while  it 
miiy  iiiliihil  pmwih  and  ai^iivity  of  micro-organ  in  ms,  it  doen  not  utxiett- 
«irily  deprive  them  ot"  vilidity. 

Dcodonuiti*  are.  agentit  wliidi  remove  or  maek  disagreejible  odors,  but 
they  are  nnt  nw<w«irily  liiMnfwtantf.  S^ome  dccHluniTii.i  an-  ctlioicDt 
diHiiififtants,  hut  not  all  di.-iinfoctaiits  aiv  efficient  dcodfirants.  The 
latter  are  largely  siihr'tani'c.'i  wliidi,  Ix-ing  of  ninnifr,  [K'culinr  wliir,  arc 
ustii  III  ovi!rt!iinio  or  suiHTstxIe  disagreeable  odors,  but  without  exerting 
HHv  influent^.'  npr>ii  the  «in«'»  rhereof.  Odors  may  or  may  not  bo  a. 
concomitinit  of  niftH-tioua  matter  according  to  eirctmi^taiicefi ;  und  when 
i«o,  tile  mertr  fiwt.  of  their  Itcing  nviTwlii'Inied  hv  a  more  pinverftd  rival 
smfll  lut'^  mi  inrtucnee  on  the  vitality  of  the  bacteria  present.  Some 
dowlonnitx  remove  smuIU  without  the  crealion  i)f'  another,  utid  without 
exertiug  any  action  upon  their  cauHes ;  wuch  are  charcoal  and  ordinary 
mrlh. 

The  function  of  djsinfeetants  is  the  destruction  of  morbific  agents  so 
thai  they  j^lmll  not  spri'ail  iidWttivi-  disiiises.  They  are  not  eiinitive  of 
the  infeetwl  perwon,  hut  are  preventive  of  the  Kpriwi  of  the  disease 
from  that  pi'rsou  to  others.  An  efficient  disinfectant  for  general  pur- 
poj^es  kIiouM  powsesK  the  prii|>crty  of  killing  not  thiH  and  that  •'ju'cies  of 
bacteria,  but  one  and  alt,  and  their  s|K>res  as  well.  Some  jwithnp-nii; 
baclciiti  have  a  tolcniriei-  fur  wtlain  diinnfcctant*.  ami  may  acquire  one 
gradually  for  eertiin  ttthers.  Such  agents  cannot,  then-fore,  be  in- 
ohiddl  aniori^  the  cllicienl  vhvis  for  gonenil  into.  For  ajx-cial  work  in 
destroying  the  infective  agents  of  certain  diseaN?s,  <lisinfei"tants  which 
have  \nfu  provol  to  exert  ii  destructive  iiiHueiiiv  on  the  juirtieuhir  or- 
gmiisniM  may  lie  used,  although  they  liavc  failed  to  show  an  c<)U!il  power 
flgninBt  other,  more  i-esislant,  varieties.  Disinfectants  may  Ix-  divided 
into  two  chiMe-",  namely :   I.  Phy«i«d  iigeuts.     2.  C'hemicul  agvutK. 

PHYSICAL  AQENTS. 

rThe  physical  agents  are:   1.   Light.     2.   Heit. 
Light. — Dirwt   "unliglit  is  one  cif  the  most  im|Hirtnnt  disinfectants 
buciwii.     It  retiirds  the  growth  of  many  oi-gnnisms,  and,  after  a  vary- 
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in^  Dumber  of  hoiir^  ol'  i'XjKiwiro,  <,iini])Ii*tcl_v  lU-struys  lie  vitality  of 
a  number  of  tl>e  must  iiDportant  pathogenic  bacteria,  including  some 
gciit-ratlv  n-oiignizod  lu*  highly  n^Ulaiit.  I>itnii>c<l  <liiylifrht  und  cU'dnc 
fi^lt  alco  lire  effective,  but  in  a  much  dituiuiphMl  degree. 

KiN-h  '  iitniouiKM^),  in  1  ^no,  that  ibf  lmnlh).->  nf  iiilK-ri-uInMii  ti^  kilk^ 
by  direct  »uiilight  iu  fruni  u  few  niiniih^  to  Keverul  houre,  accurding  to 
th(>  lliicknes-'t  of  tlie  layer  of  material  in  which  it  is  cxprK«Hl,  und  by 
ditfiised  light  iii  from  5  to  7  days.  Dr.  t'rauic  Mign«!o*exjK»etl  tiilx-r- 
cidous  tipiitiin]  oil  linen  and  woollen  CibricA  to  direct  ^nnlight,  iind 
fiiund  thill,  pruvidMl  the  layer  wiiM  not  Iih»  thick,  the  bucilli  could  not 
resist  loiyrer  thiui  from  24  to  SO  hoiire.  The  viruU'nee  was  olHt'rved 
t^t  diiniiiii<U  gnidiiidlv  nAer  10  to  15  hoiir^,  and  to  disup[Knr  ouniplcU-ly 
after  24  to  W  hoiir^^'. 

JiiDOWKki,' t-Xftt-rinieiitiiig  with  tin-  tyjihoid  fovor  I meil hi «,  discovered 
tliat  that  organism  failed  to  grow  when  plantetl  in  bouillon  and  exiKiirod 
fur  6  huur»  to  direct  Kuulight;  and  tbal,  in  iKmilhm,  cxjKwed  8  honn< 
out  of  every  day  to  diffused  light  and  kept  in  the  durk  tbe  rest  of  the 
Ltiine,  ili*  devi'lopnn^nt  was  niueh  dolayetl,  but  in  the  winie  medium,  kepi 
Pvltolly  in  the  dark,  cloiidincw  wai^  olwH^rvcd  in   from    16   to  20  hoiir*. 
That  this  action  is  not  due  to  increase  in  tem|)erature,  vras  shown  tirst 
by  i^vcrio,*  who  eS[Mis<.i)  gvlatin  eiiltui\-»  nf  the  orgunismK  of  typhoid 
fever,  anthrax,  and  cholera,  and  Siaplii/lococcti»  pyotfema  aurau,  to  sun- 
light niKl  i-k-clrio  light  for  from  2  In  -17  )iiiiin<,  nnd  niiuk^  eart-ful  olner- 
\'alions  of  the  temperntures  withiu  the  tuWs.      He  discovered  that   the 
moct    energetic    action   wus    not  coincident  with   high   tcm[*'nitHrtw, 
although  ilie  latter  hastened  the  beginning  of  the  pi-ocess.     The  action 
of  clcetne  light  wn»  much  lots  cneiT^-tic  than  tUiit  of  direct  »nnliglii. 
Anthrax  spores  were  destroyed  almost  as  quickly  as   the  bacilli,  utid 
ttflvr  a  trertiiin  length  of  time  their  viruleiiw  pnigro.«ivcly  diniinisht-d. 
tThe  red  and  infra-violet  rays  appeared  to  exert  no  bactericidal  pro]KT- 
'■ties. 

Geisfiler  *  found  that  direct  sunlight  exerts  a  more  powerful  influence 
on  cnltiires  of  tin-  liacillns  of  typhoid  lever  than  an  eJectric  light  of  a 
bundnd-cuudle  power  nt  a  distjinci.'  of  a  meter,  und  advancwl  the  pni|>- 
HXsition  that  the  effects  on  tbe  liacteria  are  due  in  part  to  changes 
■brought  about  in  tliv  cliiinK-t4-r  of* the  culture  m««lia.  That  tlie  action 
of  sunlight  is  ehcmical,  is  shown  by  the  differences  iu  the  capacity  of 
the  different  layj^  for  |)r(Khtciiig  rc«ult«,  the  ullm-violet  bi>ing  endowed 
with  the  greatest  power. 

This  change  in  the  character  of  the  eullnn-  nx-dia  has  been  noted  also 
by  Kruse,*  who  fotmd  that  liquid  media,  containing  o<)mplcx  nitn^-nous 
mil>»tjinve»,  are  so  altered  by  tlie  iiiflueni.'«  of  light  that  the}'  aequire 

'  Vortnut  aiif  iWm  it-hiili^ii  hlrniniionnlcii  medic! n{»chen  CnnHflWO,  1800.  I 

'  Archi»  fur  llyRi""^  XXV.,  (i  3S1. 

*  IViilrallilaii  &iT  Xukifri'ilnciT,  Vlll.,  p.A. 

*  Annati  ilviruiiiuiu  il' iicii'iK-  «|>vrii>ient«Ie  della  rMK<  nnivi'rinu  di   Ronw,   IL, 
fihrie2,p.]3l. 

*  rViilmltilHIl  filr  itakiriiol-iKic,  XL,  NiiK,  6  and  7. 

'  ZtilBdirifl  fiir  li*)ci<^"o  ""■'  Infi<c*ii>>>>km>Iihi>il«a,  XIX.,  p.  HZ, 
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antWptic  properties  against  tlie  Iwcteria,  and  that  the  chanite  is  pro- 
pruiiiiiiiitf  to  tin-  iiilt-nsity  of  the  light  aiid  ihfi  duration  nf  the  i-xptisiin-. 
It  i?  dm-  diiwtly  t.i  the  tttiiiuMiiiicric  oxyRvn,  which,  according  to 
Miiinont,'  is  simply  assisted  by  the  light,  whioh  by  itfielt"  woiihl  ha\'e 
but  little  pfletrt  But  it  is  not  iihint-  thrcnigh  chunfpw  in  ihi-  mt-din  that 
bacteria  are  killed,  but  through  ohanges  brought  oXkhiX  within  them- 
»elv(9«  an  well  And,  inde<xl,  it  hsi?  hnm  ilctiionHtniU-d  thiit  not  ;doiir 
bacteria,  but  their  toxins  also,  are  affected.  AeeoRling  to  Fermi  and 
Ci'lli,*  the  toxin  of  totanui*,  dilutn-d  with  distilied  water  and  exjmsc*!  lo 
diiwt  sunlight  at  temperritun'js  hetwecn  -lO"  and  50°  C,  i»  rendered 
inert  in  «  hours,  and  ai  :i7°  C,  in  15  hours.  In  dried  oondition,  it 
loaec  its  ]>")wer  aiWr  -1  hoiirri. 

Moiftture  and  access  of  air  arc  also  important  factors,  a«  has  been 
shown  by  Motnunt,  who  found  that  antlinix  bacilli  in  n  moiM  otitic 
were  killed  in  *2.5  hours  with  free  aei'es»f  of  air,  and  sur\'ivcd  more 
than  fiO  hours  when  air  was  exchided.  Dry  bacilli  were  killed  with 
necciiS  of  air  in  5  hours  ;  dry  !f|M)rc:«,  cxii'wmI  in  gb.-w  witliotit  tiir,  witb 
virulent  atW  110  honr?>,aml  proved  to  be  more  resistant  than  others  in 
a  moist  ift^itc. 

The  rapidity  of  action  of  sunlight  is  influenced  al«o  by  the  number  i 
of  bacteriu  pri-.-ieul  —  the  greater  the  nurnher,  the  ]ong(.'r  tin:  tiniU 
reijuired  for  the  bactiiricidal  effect  to  be  instituted. 

The  .-iti'rili/.ing  inllui-iice  of  sunlight  on  the  iNuncrin  of  drinking 
water  and  sewa;^'  has  been  domonstniled  by  Procaccini,  Buchner  and 
Mitick,  uiiil  olliers  to  1h-  very  winsidi-rable,  esi>ecially  at  and  nwir  the 
surface.  Prociiceini' obtaine*)  poi^itive  result)"  at  a  depth  of  from  26 
to  30  wnlinii'lers,  Minck  and  lincbner'  found  that  water  conltiining 
100,000  B  co/i  rotmnuuu  In  the  cnhie  ci-nliiiu-liT  wan  rendered  sterile 
in  an  hour.  Tlie  badlli  of  typhoid  fever  and  cholera,  and  B.  piia- 
ci/avuM  ixUiy  w<n'  fou»<l  to  lie  deslmyod.  t'ullun.'siif  H.  fi/jilutxin; 
exjwjsed  at  a  depth  of  about  5  feet,  wore  sterilizetl  In  4  J  hours,  but  a) 
twiiv  that  dist;iiici'  bcm-ath  the  suHace  the  action  virliially  i-cumiI, 
Buehuer''  found,  farther,  that  dillused  light  has  a  strong  influence, 
even  as  lat^  in  the  year  as  November,  on  B.  eofi  commuiiii^  and  B. 
pyor^ajinui.  The  n'^timi  of  light  iif  iwii^idcrably  interfered  with  by 
particles  in  sus])ension,  but  with  fairly'clear  water  the  effects  an-  jxr- 
ccptiliU-  III  a  di'pth  of  about  )>  feet.  Thf  aelion  of  :<niil!glit  on  Imeteria 
in  the  pret-eiice  of  water  is  believed  by  many  to  be  due  to  the  produc- 
tion iif  hydi'ogeu  peroxide. 

The  t)bvioiis  disud vantages  of  irlying  upon  sunlight  for  practical 
disinfection  arc  that  its  rupply  is  beyond  control,  and  that,  even  on 
the  hrighti'.it  days,  it  in  inijxiwiblc  to  niiply  it  to  all  purtJ'  uf  u  bouse. 
Nevertheless,  its  betieticent  action  may,  under  favoring  conditions,  be 

'  Annnl»  de  I'lnslitiil  PartMir.  1882.  p.  2S. 
'  Ccntrnlblnit  fur  Raktcriiiluiriv,  Xlt.,  So.  18. 

'  Anii»ll  ilcll'UliluIn  <l'!|^i<fnv  xiwiiuivritulv  dcllu  ruale  uuivenitit  di  Uouia,  ilL, 
p.  437 

'  rentmlbku  fiir  llBklcrioloni'.  etc,  XI.,  p.  "61. 
'  Art-hiv  tilt  [l7K>ui>Vi  XVII.,  p.  177. 
33 
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Ixikvu  a(K-!iiitiif!V  or  ill  tlu-  trtiUimitt  of  f  iirttittin-,  luinpiigs,  iind  dnxtM 
ralinxvi,  ofwn  tlie  most  troublesome  oIjjikU  lu  dlfiitifect,  cspeckUy  in  d 
ciilintrv  iiruiTlicc.  ■ 

Heat. — For  purposes  of  duinrivtioii,  hat  w  ciiii>loy4<d  a&  "drv 
b(at>"  I.  f.,  liot  air,  und  "  tuniF-t  lioat,"  r,  <■,,  stram  uikI  Ixtiling  waUf. 
Stdim  ic  cniplim-d  iiiidiT  viirimw  |nxwiii\'.-«  in  l»)ili  ibc  xitiirat«tl  and 
aiiperli(^alcd  ciinditiour^.  In  both  c-oiiditioui-  it  U  attiiully  dry,  ull)i»ti^'li, 
u8  vvry  voniiiioiily  itiidvrsio<Kl,  Milurali-d  .■<k-iuii  L-<  iL-tMifiuUtl  Ntilb  iliv 
idea  of  moisture.  "Wct"«t«ini  is  iMirtklly  vondcit&cd  eiiitiiraled 
itlfum,  and  contain}*  cuc|»eiidHl  [larlicW  of  wau-r.  Th<'  tctiijifrtitiin-  at 
which  i-Uuro  i*  fwniiit!  ilqu'iidr- iiimii  tlic  |in-wiirf;  and  MiiJit.ver  ihe 
temiiemtiii'e  and  pressure,  a.-*  ebullition  liegios  and  prtMS-wl-*.  tlic  water 
i«  muiutiutu>d  at  (li«t  t('ni]>cnitiin:^  mid  i.->  oonvcnvd  ronetjuitly  into 
steam,  tu  wbitrb  tlic  hvat  employed  becomes  lateul.  Until  nil  tl» 
waiter  lias  iHKMinie  i^mivc  rtfd,  the  resulting  .-t<aiii  i.-«  R!ii»l  In  In-  Mtluiolni, 
eiuw  uuy  vjipur  in  ibe  presence  of  tlie  li(|uid  CnMU  wbich  it  •intfiiiultt< 
and  in  thermal  equilibrium  i.-<  ix-cc-.-'Kirily  s;lturHt<^d.  In  tin-  »aiiinitn] 
Btati:,  it  ejiii  neither  dn  Hurk  by  expani^ion  nor  bv  eouled  wit 
imdeipiiDg  partial  condeuKition. 

When  .Mliinitcd  «l«ni  is  furtlwr  IhmIiiI,  it.»  teniiwrmtim-  riw*.  and  t^ 
is  then  known  as  •u^Mr/ifTi^fW  ;  and  iht-ii.  havuig;  a  tem|M-nitiire  bi^lie 
tlian   tlie  e<iiideii.->iiig  point   eorrt'^iHiiiiliii};  to  it»  iK-tiuil    ciciiAity   tir 
volume,  it  may  be  euoled  and  vaa  tli^>  work  by  ex{>iiii»iiiii  without  Ir-id 
condensed,     ^^'hcn  vei^'  niueh  c<u|tcrheut<-<l,  it  l)ehaV4<»i  more  and  iikki 
like  a  pcrloet  piiN  while  »itiinitf«I  uteiiiii  difliTii.  iw  «  nile.  om-idtTalily. 
If  wjitir  ai  the  tem|ieratuiv  of  superheated  titeam  l>e  mixail  with  tlw 
bitter,  winie  of  it    will   \nr   vjipiiriwil  and   t.nkeii    up  ;   Ult   mixed  wit 
satuniti-d  ^Kaun  at  the  same  tempiTatiirc,  no  such  lu^iuu  will  m-eiir. 

Atvordinjj  to  Kid^vl,*  tlie  fiwl  ni^inlcd  fXiMriment^  lit  iIk-  )<tenliui: 
of  organic  matter  by  the  :ip|>li edition  of  heat  «ere  tbwae  of  Xt^^iihaii 
made  i>rior  to  nnd  dnring  tbi-  year  IT-l'l,  and  the  Ri'sl   ii)ipli(Ttii'in 
this  tigont  to  di<>itifeeli<jii  on  a  l:ii't;e  K-ale  wkk  iiinde  in  IM3I  by  I)| 
Henry,  F,R.S.,  who  treated  infecteil  clothing  with  hot  air,  and  >h"wfl 
that  tlie  dotliing  of  iK'Jirlet  fever  juitieiiU,  nubjttTii-d  (o  a  temperatur 
of  200"  V,  for  two  to  four  hours,  wouki   not   propagate  the  di-«itw  il 
worn  by  li(«ltby    jiei'son:*.     The   lin>l   iir^-  of  dirert   steitni   Uf-  a  dii 
infeetant   wiu-   made  under  the  direction  of  Dr,   A.   N.  Bell,  (J.>!>.N^ 
in  the  rx^M.'  of  the  tttmmcr  Vlsfn  and  scbnnncr  Mnlmnm,  whidi  u-c 
iufectod   with   yello^^■  fever  while   on  wrvi<'c  in   tlw   Mexiuiu  w»r  ij 
1S4S.     Knowing  of  thU  use  ami  its  olwerv*^!  results,  at  ilu-  Quarai 
liue  and  ^xiiiitary  Convention  lnKI   in   IWt<t»,  Munn,,  in  June,  I8t>C 
tJie  committee  reetimmendiHl  that  "  steam  generators  and  ste«ni  jw-kels 
or  vati4  be  provided  for  the  di-^lnfivtion  of  all  personal,  lio«pita1,  and 
ship's  clothing  and  Ixtklinji;,  to^cether  with  sueh  otln-r  infectt^  goods  or 
tilings  a.s  may  pi-oi^rly  !>e  subjerted  to  high  .-li-nni  beat."  * 

lu  186:^,  aveoixling  u>  I>r.  IMI,  the  L'.  S.  TnniHitort  Mamirt 

■  IHtdnruction  ftiul  I>bintei'tai)ti^  I.ondoiv  189B,  |i.  % 

■  Tlie  tJonilariBn,  Jiinc,  l)«ST. 
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ifiili'd  br  (iteiiin  nt  tlio  New  Ynrk  Quiinkntnitf  Htalion  on  arcuutit 

yelloM-   fovei",  lliis  U'ing  tlie  first  (lisinlVction  of  u  v<«rtel  at  tlial 

aoii,  nivl  [irubiibly  the  tir»t  iit  iiiiy  ul'  tlic  port  qtinniritiiiC!>.    vVoconl- 

jn;;t4)tliflf<aii]eauibnnty,  CommamU-r  Raljili  CbaiuUer,  of  tbe  V.  .S.  S, 

,i>i>»,  i'n»ni  SiiDhi  OriiJ!,  >V.  I.,  iviM)rtwl  to  tin?  Navy  L)L-)Kirtiiii-iit  tluit 

Ijib  vessel  bail  been  inf<?cle<i  with  yellow  fever  in  Us  worst  form  {23 

Ed.-^i*  w!lb  7  ilcoths),  nixl  iliiit  lie  Ihk)  di.tiiif'ucUrd  ibc  wiiril  riMiu  uikI 

[Ix-rtli   <lwk  6U«iL"wfii!]y  by   Micaiis  of  i^lciiiu.      He  rLfuiiiiiKiultil   lluit 

ri'T««;ls  <K-rttiiM'"l  fur  wtvkv  in  ilir  Wi^t  Inili<>s  be  provkled  with  nxaiia 

ctuiiniDg  the  btwcr  ilec-l<»  iitul  liulils. 

Diy  HmI. — 'Dry  heiit  ift  nmeh  less  e-Uective  than  moieit  Iieat,  evoii  at 
'niirli  liiKlicr  ti'iii|H'mtiiivjt  iiriil  with  lonp.'r  exfKwiin'.  Thus,  oir  nt 
300"  F.  requires  thnw  or  four  times  as  long  t<i  aeconi|ilisb  the  liatne 
wwk  as  ttt^iiun  iit  '2l'2°,  iiiid  [k>hsi-ssi-.s  tli<!  lulilitional  iliniidvantiifir!  of 
^iujiiriii};  fubric:*  ami  other  objw-ls  es|x)[jeil  lo  it.  Most  fikbrit;^  of  cot- 
],  linei),  and  silk  will  wilhstunil  an  ex[H)siin>  of  sevemi  boiirs  to  dry 
'linit  lit  2;iO°  v.,  but  beyond  tliin  ]»iint,  «vid<rn<;i*  of  imiKiinil  teii«ilft 
>tn.-ii;,'lb  is  soon  mauifcsteil.  Even  at  ;J02°  V.  (ISO"  C),  dn.'  bent  was 
K  found  by  ICoi-b  and  WollVliO^-l '  to  lio  not  tilwiiyit  eflVirtive,  i^*en  iLfltr 
^^tvo  honrH,  while  bi>ilii]);  wnler  and  slrcaming  &t«ttin  at  212°  F.  wire 
^pfMiad  to  protliice  the  cti'!<ircd  resiilti  in  a  veiy  Hhort  time.  Owiiifr  to 
^  k*  Inrk  of  |K'iictrjitiii(j  ]»owfr,  diy  h«it  it,  nioreijvcr,  only  n  Bwrtaw  di*- 
hiftH.'tau(,  niile>is  means  are  employed  for  tbe  withdrawal  of  tbe  («!d  air 
brld  in  the  inti:-r!>ti<ri'x  of  fiihrii-H  and  witliiii  their  fukls.  On  iia-oiitil 
,of  itH  inleriority  to  sloiun  and  it^^  aptness  to  injure  fabric*,  it  is  now 
dployHl  bnt  little  »i  n  diriinfi-etiint. 

1. — j^Ilbough  ».-tciini  bad  been  recommended  and  used  for  pur- 

nf  iliitinfeetion  as  turly  as  184**,  and  iililiou^h  I'iistt'iir,  Tymlnll, 

tibn,  iind  otlici-n  bad  demon -^tnittKi  in  !i  niiiiiIxT  of  extensive  >K'icntifio 

Inve^tiji^tions  tbe  sleriliiung  action  of  moist  hait  on  piUi'efactivc  l>ae- 

nnd  ottuT  niioro-<ir)^ini)inii>^  and  Tyndall  hud  shown  iho  neoessity 

"■tfif  dix-otiliniionH  iKiiling  for  tbe  sterilization  of  s|Hir(-l Hftrei-^,  the  finrt 

Invt^tigation  of  llie  action  of  nU^in  on  tbe  vitality  of  the  biierena  awo- 

cntn)  with  infective  di«ai*es  was  that  (inidnfU-d  by  Koeh,  WolU'hiige!, 

tlieir  assoeiatt^  ibe  results  of   whieh  were  published  in    l.****!. 

dcnionstnued  the  very  f;ri'at   siijRTiority  of  i^t^um  over  rnneb 

Hitler  air,  and   showed   that  tlie  mnat    resistant  tiporft.  are  destroyed 

ritliin  II  few  niinulos.     They  Ntadicil   its  ilVivIs  on  tbe  ditri-reiit  kimU 

nrtiele*.  sneb   a«   ehitbing,  Ix-dding,   furniture,   and   other  objects, 

[uliich  in  >niiilaiy  pnuHiot!  may  ni|uiif  to  Ix-  •lisinfi^^tixl,  sboweil  its 

ippliitibilily  to  all  excepting  a  limititl  miniber,  ifneb  lis  furs,  icntber, 

'  IIh)  venoenxi  litrnitniv,  au<l  le<1  Ibe  M'av  lo  the  installation  of  public 

<n*iiifiH-lin};  pLints  for  mnniei{udilies,  bos|>itnl»,  nnd  ({iiaiiinliue  slalionit. 

A  variety  of  appamtuse?^  both  fixed  and  jtortable,  liave  Ixtii  deviwd, 

mil  tiK-ir  ns4>  Lt  steadily  on  the  increase,  not  idnne  in  lai^  communities, 

but,  i^fKcially  in  Kuropc,  in  thinly  settle*)  distrietj'  tUf  well.     Fur  the 

btlcr,  tbe  pvrtuble  apparatus  on  wheels  is  esueeially  adajited,  for  It  ifl 

'  JJitibeitungFH  bus  deni  luiiwrlichpii  Uuuiiiijbiriwimic,  I.,  ^  301. 
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to  expc«t  small 


h'liich. 


beyond  the  liiniu  of  n>iuton 

iulective  Oir'auieb  u(  the  kiuds  ttiat  ciill  fur  th»rutit;Ii  <IUuift-ctiun  ore 
iiiily  fKM^iL-'iniiiil  viMtorA,  lo  establish  and  niaiiiUiin  [iiiblic  ruationti, 
whiTt-dK  u  ntitiiber  of  t'ueli  »>nii»iinitui4  iiuiy  luive  joint  tiwuerefaip  iu  a 
jKirtable  iiinchiiie  whioh  may  W  derfpati'lKtl  uii  demand  to  tb(t  {Miiut 
wlitri'  ill*  MTvioet  an-  ixiiuiivil. 

The  goDoral  plan  of  ilio  sljitionar)-  and  portable  madiincs  is  is«n- 
tidlly  ill*!  Niiiio.     Tlicy  eoDsist  of  oii«  or  dioiv  <'Iuinibctv  of  KiiAicH-iit, 
tizv  to  udniit  objecti!  as  lai^  as  or  birp-r  tban  a  roUod  inattrvs!^ ;  undj 
a  hoiU-r  for  the  gt^ueration  nf  i^tcaRi,  wlueh  U  ndniiltiil  ihmti^li  p!|Hii] 
viiiitnillo]  by  vjilvtw,    Tlic  miwl  m|>pi'ov«h1  miicliiiic;^  arc  j-n  mn^ti-iiettjl 
that,  aftor  the  objects  have  l>e<'ii  iutrodiicei)  and  the  dixtrs  cbisfd,  tin-  ii>i>-l 
1jun<il  uirtiiiiy  1h-  withdmwii  Hn<i  it  [mniitl  vneimni  of  about  Hi  im'h««| 
jirodiioetl,  thv  ut>jii>t  of  M*hicb  wi]]   lie  explaiiKnl  later.      ThLi  if  pr 
diict'il  iMtit  Ihrongh  the  n)!4'ii<-y  of  ii  i-tmin  jet  mtiier  lliiin  by  ii  |>iimp, 
KMKx.-  ihi-  lutter  ii^  much  slower  in  Heliioviii;:  the  MUiie  n-^ult  and  exerts 
no  di.Hi»f<«ting  m-tion  on  tin-  ^-nim  thiit  an-  eontnined  in  tlio  iiir  willi* 
druwu.     'Die  betft  ninehines  niT  pntvJiled  aUo  with  u  i<ti-uin  jacket, 
whi<'h  assures  a  moit-  itiiifonii  difliiBion  of  beat  in  the  duinibcr  wiilb 
uiiil  Ji  li-"eiieil  ()p]K>rtii[iity  for  eondi-iiwition,  iiihI  n   itoii-t^vndiicliiig : 
i>iitsi<U'  <^i.>ii)g  of  usbe&tus  or  dsljestoti-nui^e^ila  coinpoeitiou,  In  pn>veiit 
loss  of  hcjil. 

The  Hp|uinituK  in  uee  at  the  Xen*  York  Qnamntine  Station  uiay  bej 
taken  a»  a  ty)ie  of  tho  niont  )i)iprnv«4l  contit  root  ion.     It  ci>iiM«tii  iif  a 
chainW-r  <if  «twl,  the  Insule  dimeiwioiis  of  wbieh  on-  4  fwt  by  3  frt-t 
3  inehe-'*  hy  7  fwt  '2  iiiehes,  with  an  outer  shell  of  the  sanie  malerl.il, 
and  an   inteiTeiiinji  iipiiw  of  2  inelieii.     The  outer  ulicll  if  en<w«d  i"*;^ 
a  layer  of  awlx-stos-niagiiei-ia,  1 .5  indies  in  thickneiM,  for  the  pivvi-»li">-s^ 
(if  loi*.'*  of  h<y1.     At  raeh  end  is  a  door,  made  to  fit  uir-tighl.  ^wii'^     . 
on  a  crane,  and  fastened  to  the  ehamlKT  by  means  of  lurn-lwUv^ 
Within   the  ohamber  is  a  movable  Iraek  so  arranged   ihiit  th'  i-ur, 
nnnlv  of  l.o  inch  anj^loiron  ami  Xo.  It  gtdvaniiuxl  iron  netting,  (uf  tA<> 
reception  of  article-  to  be  disinfected,  may  \k  withdrawn  at  i-ilhcr  <■»/. 

'liw  stiiim  fiiiin  tlie  boiler  eiitcp"  the  diaiiiber  through  ft  '2.o  ii'di 
pijx*  at  a  pressui^  of  IT)  pounds  to  the  square  inch,  oral  :^e)i  "^^"'f 
pressure  as  nmy  W  desin-d.  llv  mejins  of  a  sli-iim  e.vluuL^ti-r,  ">"- 
trolled  by  «ilves,  a  \'acuum  may  be  produced  in  one  minute  eitW '" 
the  chainlter  or  in  the  spaet-  Ix-twei-n  iht-  two  stwl  shells.  A  frrelwi"" 
inlet,  <-onstnting  of  a  l.'i  inch  pipt*  provided  with  a  valve  by  trhic'i  i' 
\»  ii[nniil  mid  eloeed,  and  with  a  fine  bnuo  netting  for  the  esi'I"""" 
of  matters  wbieb  othei-w ixi-  niij;lit  piin  cntranix-,  emnnects  the  ilian""' 
at  its  up{)er  [Kirt  with  the  ex(<-riiul  air. 

The  npiHusttis  is  so  dis[x)scd  that  the  end*  of  tht'  clMnibrf  "I"*" 

into  moms  lia\-ing  no  oomnmnioation  with  ejich  other,  one  brinEl'"" 

the  n-eejilion  of  infected  articles,  and  itie  other  for  their  tMiveff'"?" 

they  have  been  disinfeelwl.'     The  Brricic"  to  be  treate<l  an-  fba^' 

'  Tlii^   f.ir»-Knliiie  d»i>iri|)tio(i  of  ilip  ni'iiinoot   ami   llii>   TollovinK  •rtwiiai  "f  'j^ 
iiii-dicni  uf  .)i«iBiirHi  HI*  ohdmeU'il  /rtim  AwiiiIjIt  iliKiinii-nt  No.  M,  "  |)Uii(«rt^  "_ 
Siwini."  hy  Dr.  A.  H.  Dniy,  ItmliL  (HBcer  of  iK*  Pun  of  S«r  York. 
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the  car  in  the  special  room  for  their  reception,  the  door  ii*  then  bnIt(-<), 
and  a  vacuum  of  20  inches  is  obtained  by  the  stentn  exhauster.  This 
removes  the  air  from  the  chamber,  and  also  the  air  and  moisture  from 
the  material  to  be  treat*-*!,  which,  forming  a  cushion,  would  prevent 
the  proper  entrance  of  the  steam.  Steam  is  then  admitted  very  rapidly, 
and  a  temperature  of  '230°  to  240°  F,  is  attained  within  3  or  4  min- 
ute*. After  15  minutes'  exposure,  the  steam  exhauster  is  again 
brought  into  play,  and  a  vacuum  of  20  inches  is  again  aecured.  The 
fresh-air  inlet  ia  then  opened,  and  by  means  of  the  steam  exhauster 
a  current  of  air  is  drawn  through  the  chamber  and  \tA  aintents  for  8 
or  10  minutes.  The  door  communicating  with  the  second  room  b 
then  opened  and  the  articles  are  removed,  unrolled,  and  expo^ied  for 
3  or  4  minutes,  at  the  expiration  of  which  time  they  are  completely 
dry,  and  may  be  taken  away. 

According  to  Dr.  Doty,  "  The  degree  of  improvement  in  the  drying 
process,  which  is  the  result  of  the  combined  action  of  the  steam  ex- 
hanster  and  the  fresh-air  inlet,  can  only  be  appreciated  by  one  who 
has  waited  two  or  three  hours  or  more  for  this  same  result,  .  ,  . 
The  importance  of  the  rapidity  with  which  this  work  is  now  performed 
and  the  material  dried  is  especially  appreciated  in  the  treatment  of 
mail,"  in  which  a  letter  unsealed  or  partly  unsealed  is  very  raa-ly, 
and  with  the  superscription  affected  is  never,  found.  Tliis  satisfoc- 
tory  result  is  due  to  the  rapid  action  of  the  heat,  the  rapid  drying, 
and  the  prevention  of  the  spreading  of  the  ink  and  of  the  unsealing 
of  the  package. 

The  value  of  the  vacuum  in  steam  disinfection  lies  in  the  fact  that 
confined  air  in  the  chamber  causes  great  delay  in  tlie  attainment  of  the 
deired  temperature  and  interferes  much  with  the  penetrating  action 
of  the  steam.  In  Duty's  cx[K>rinieiits  with  and  without  the  assist- 
ance of  the  vacuum,  self-r«.^isteriiig  thermometers,  placed  within  |«ick- 
ages  of  newspapers,  sheets,  blanket'^,  and  nigs,  showed  differences 
ranging  from  nothing  to  a  100  di-grces  (F.)  after  .'i  minutes'  exposure, 
the  higher  temperature  in  each  case  l)eing  reiichcd  in  the  experiment 
with  vacuum,  and  the  smaller  differences  (x-curring  when  the  articles 
were  loosely  wrapped.  With  longer  exposure,  the  differences  were 
considerably  smaller. 

When  no  appliance  for  securing  a  vacninii  is  a  part  of  a  steam  dis- 
infector,  the  containt^d  air  may  be  driven  out  through  a  vent  controlled 
fcy  a  valve,  which  is  opened  for  a  time,  while  the  steam  Is  Ix-ing  ad- 
mitted, and  then  closed. 

Another  point  in  favor  of  the  vacuum  is  the  lessened  opportunity 
^ir  condensation  of  the  steam  in  the  interior  i>f  bundles  and  in  the 
ititwstices  of  fabrics.  It  has  l>e<"n  found  to  1k'  [ulvautngeons  to  fill  the 
cluunber  several  times  at  short  intervals  with  a  fresh  charge  of  steam, 
Ku]  when  the  vacuum  appliance  is  at  hand,  the  time  retpiired  for  this 
•wies  of  operations  is  lessened  materially. 

The  |)enetniting  power  of  steam  is  greatly  de|x;ndent  ujwn  the 
Vuount  of  pressure ;  the  lower  the  pressure,  the  less  the  penetration. 
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Wirli  iiiaoliin<»4  in  vrhioli  low-preKstirc  8t«nm' — a  )m>iii>J  or  two,  fnr 
iiii^Ianoe^iH  ciii|)I<>vi-J,  jH-iK-tnil  ion  i)>,  lliiTi.-riin>,  vary  dnvi  niid  tin' 
ct-rljiin ;  aii<l  when  l»iilky  articlew,  supIi  aa  miltxl  raiT>i't«  unci  iHildin);, 
ixtv  tn-nUnl,  the  riT'iilt-"  siix-  lik<-ly  tii  be  iiiiMiti.-fitrinry.  F<ir  muIi 
arl!<'Ii!>i,  it  is  a^^ed  ^nonillv  that  a  pivsMtire  vf  nl  lc:i>it  '20  jxiuixU 
i»  iiiiiiv  too  fjrwit,  Witli  wImU'Vcr  iirtw^un-  riii|iiity(-<l,  ]H-iii-lr4lii>n 
may  be  much  a^istei]  by  anHiidng  the  cuDtviiU  of  the  cliaiub«r  w 
tliMt  tiK>  solid  |iai-kii)g  i.H  twoidm,  Tlii.i  is  M.x:un>d  by  Uk'  iittt-rjHM* 
tiiiii  of  woixk-ii  slats  ami  pnitinp',  wliieb  leave  )i)nc«w  lietwepn  die 
difli-rfrit  IiivtiN,  ihiiHijili  which  tbi-  Mcsuii  i*  ciUtrilmlMt  morf  rnnlily. , 

Witt)  lou'-))n-»»iirc  ^tciini,  c-ondciiF^tioii  is  niucli  iiioro  likely  !•<  U 
troiililttriuiut^  lliai)  whoD  hl^b  prestiureit  an>  c>tii])lo\'<!<) ;  Imt  <»r(]iiiarily1 
even  tlieu  but  little,  if  any,  injury  !»  sufrefwl  by  tin'  nui*t  iHif-nW  i 
fabrics,  lw-yi>ijd  it  slight  inijHiirnient  of  glosn  or  the  iiiijiarlitig  <■?  u 
»li(;lit  volli)wi»!i  tinjie. 

Put.  91. 


Ground  plan  or  imhUo  dlMnfM^lne  lUllmt, 

In  ibc  nrmii^'DK'tit  of  jiiiMJir  di.-ii)fwliii|r  stattons,  it  fe  - 

that  infected  and  ■iiciiifii'toil  iirtick-'i  slwll  tx-  k<'jit  >lnctly  Bf*rt.WM 

thill    meiiL--  (<hidl  1m-  at  hninl  for  the  |im|ier  Ireatmeiit  of  iirtiiV  ""' 

Biiited   to  diniiifevttoti    by   f^Uiuii,      -V.'  itti  exnuijile  of  .-imiile,  <"")''' 

niciit,  and  efficient  arrangi>meii1.  may  be  cited  the  Bret  (KitJic  ^*J"'" 

iiiHtidleit  in   IVrliii.  tin-  around  |iliiii  nf  whi»-h  is  ftUown  id  t'ijl-  ^j\ 

lii-n-  the  infis't"d  artiob*  :irc  iinloiided  lit  llw  plalfonn  /,  iiiid  i'*'"*^ 

in  the  nnini  ./,  froni  whieb  they  nrc  earricd  inUi  the  roimi  ^i.  ("''l 

whieh  and  the  room   'r,.  ibe  i-teani  ilisiufectorc  art*  inrtalW.     '   ■ 

are  luadt^d  into  the  tnn-ks  ft,  ft,  b,  wliieh  are  pushed  into  rbc  ^''''™ 

cbiimbers  o,  a,  «,  the  doors  of  which  iin-  then  sMnircly  eloMtl.    ^"^^ 

'l>iki-ii  rtum  H,  Mcrkt-'s d(-<-f iiiti'Hi  in  VieiwyHliiwoliriil  ftir  iwrlebllk*' J***"^ 
and  MMllichd  gatiitGtiwcwn,  XLV.,  p.  137, 


FilYSICAL  AGENTS. 


619 


aiilmitt«l  from  the  bnilors  in  mom  li,  and  aft«r  the  proper  interval 

of  time,  iW  (loDi-j-  of  Uk-  clmnilH-r*  u]H'iiiiig   into   tlic    n".>m    (!,  nro 

o|)cnctl   aiiJ    the   trucks    wiilulrawQ,      The    di^iufeetetl   articlfw    are 

rwiiovwl  and  carritil  into  the  Mure-nKun  Ay  from  wliirli  tlii>j'  arc  wut 

to  the   platform  J/  lor  !-liipnioiit.  in   t^jKvial  wa^)nii',  hiirk   to  their 

oHiicr^,     .■)   is  a  n^puir  Am'\i  and  ^to«--niiiin  lor  omi,  ('  and  li  nre 

lK>lh-ro'>iiis  iinil  wiiti-r-^;lo)^.'t»  lor  llit-  iitU'iiduiit)-,  and  E  is  a  (itorc-moni 

,  Jitr  ciM-inicaU.     \o  conimiiuit^alion  wliiitcvi-r  exiwtH  Ix^ween  ilie  nmnu 

which  the  infwtod  and  dlTtinfrRltil  iirticU«  an-  RloriH),  nor  iH-twiwii 

I (7,  iind  fl„«;xciept  through  the  steam  chamlwrs,  the  d(K)rs'  of  whifli  an.* 

I'lK'Ver  'ipciu.ll  at  JHith  rinU  :it   llio  shok-  tltne.      Tho  work   i-i  din't-liil 

|l>y   telephone  from   tlie  office  A*,  which    is  fhiit  off"  (•onij)leti'iy   from 

i/iittd  J,  II  liill  view  of  \^'hicli  is  obtaiutnl  lliroUjrU  witiduw.s  la-rmctl- 

cuKy  M'adol. 

»Sieam  diHinltTton*  an-  nsefl  extenflively  for  piirposw  oth<'r  than  the 
divlnictiim  of  diHaT  p.Tin»  ;  tlit-y  aR-  iiuwt  iim-CiiI  for  ri-iiovaliiii;  Iied- 
diii|{  and  in  the  Ircttlment  of  elotliiiig  infested  with  lice,  which  with 
^ibeir  i'^^  arc  killed  ipiiekly  by  stuini  ul  any  pre^vinre. 
^ft  BoUing  Water. — Articles  not  injuHousty  silfected  l)y  boiling  water 
^Bway  Ik*  di^infit-tcd  iiiohI  ■■onvi-nit-iitly  in  the  hoii^i-liold  liy  I>eiii(r  boiled 
y  for  »  luiir  hour.  Thi-^  siif1i<-e<'  to  kill  all  varictieH  of  liiicteria  anti  the 
most  resiHtant  sjwires  of  iBitlio^enic  haeteria ;  in  fact,  all  oitpinisniM  cx- 
CP|)ting  the  K|Miru<>  of  ii  nnnd>iT  of  noii-|ui(hugiL'niv  Imoteria  which  arc 
[luit  destroyed  even  after  prolon^l  Iwiling,  This  metlnMl  is  adajiti'd 
ticularly  to  Ixtl-lincn  and  hixly-linen  and,  in  nhurt,  t'l  all  wiiKhaMi; 
except  wiKillens.  It  luis  the  disadvantage  of  fixing  stains,  so 
that  they  lieeome  |K'nnani-nt  ;  (liercf'ii-e,  nhcel.-*,  nighl-<ln ■.-«<•!•,  and  <)thc-r 
autirlen  i>tutniil  with  bkHxl  or  excreta,  inhould  huve  u  praliniiuury  soaking 
in  cold  water,  n>  that  the  (*]>ots  may  be  romoved. 

Cold. — Allliough  wild  if  a  very  eflieicnt  aiiti.'H;ptie.  but   not  cora- 

xti'-nly  classed  as  a  disinfectant,  it  ajipears  to  have  destructive  power 

«3\i-r    ft-rtiiin    |Hithogcnic    tiaeleria,  but    n<ine    wlialevcr    over    rertuin 

^^■llirrs,  even   when  extremely  low  tciiiiK^rature*  are  employed.      I>lir- 

l^iqc  the  <r)iolera   <>pideniie  in   Oennany,  in  the  winter  ui    1892— 93, 

■  'iri'lnninn,'  ex|>crimenting  with  choleni  p'nn",  onidudcd  th:it   tlicv 

liiive  eonniihrable  [)ower  io  withstand  eiijd  for  ]H-ri<Hls  van-in^  with 

V'Ik-  teni|H-iiitnn-.     Itcnk'  ptiici-d   ilii-   litnil  of  eiidunuKV  in   ice  at   8 

i»y».     Inoculated  water,  containing  (WO,(H)0  per  eo,,  was  frozen  at 

-ft.S'*  ('.  and  kept  ut  that  h-nipeniture  for  3!)   hours;  the  ice  wiu« 

nieltail  and   tested,  and  the  results  were  negative.     AVater  more 

itldy  iiKH-nlaled  and  kepi  fi)r  a  day  in  a  fw-xinfj-mixtiire  of  ioe  and 

yielili-*!  nepitivc  ri'sulK      Still  richer  water,  conioining  countlws* 

^p*Kt«ria,  was  frow^n,  and  after  -18  hours  yielded  24,-IOi>  i»er  cc,,  and 

^P^t  yi!  lioiin'  pive  12  ncpitivc  reviilt;<.     In  other   exixTiraeWc   in 

^^*'Iiidi  fn-e/iiig  was  inlerriiptctl,  no  or^.imi-ims  were  fninid  alter  t!  and  7 

*lut>.    Itii)  ^\'ukn<lw  ^  kept  llii-m  .ilive  more  tluin  a  month  nt   -  IVLTi"  C. 


[  BtHlanr  hlinlwhi?  AVnrlifiwIiTift.  1  s-i;i.  No.  7. 
r«n>ehrille  diT  Miilicin.  May  l-'i,  IMCI. 
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Tile  ty|>liiii(l  nrKHnLim,  as  li  well  known,  tuiiy  survive  the  ni^a  of 
teold  lur  a  long  time.  Tliix  wmn  well  slmvfu  in  iW  exjt«rieu(v  of  Ply- 
inoiitli,  !^-,  where,  iu  1  >t8."),  u  m<i*t  dwiutntin^  I'liiili-niic  oct^rred  after 
th«  iluiwitig  iKit  III'  an  mviiiiiiiLiitiot)  of  1y|i)M>it]  uxereta  Htiiatitl  mnra 
brtMtk  wliicli  supplied  the  town  with  diiiikinp-water.  (Sec  |api'  '<i>^2.) 
Pruddc-ii'  hitM  liliowa  thut  die  typhoid  bacillui^  t-aa  witli.^tjind  t'lrc/itiK: 
teiupcruturvH  for  no  Uv»  tliun  103  dayi«,  but  tlml  allt-mulv  fnt-xin^  nwl 
tliawinif  I'annot  loii^  Iio  withsttKxl, 

N<in'S|>iiriilatin|^  iinlhnix  iiiK'illi  haw  but  little  rcMtftlnneo  In  frerainif 
temperatur**,  and  arc  kilk-il  very  ijiiiflity,  Imt  the  s|KiriE*  Imve  been  fiuiiid 
.by  Kruiiklaiid,  Pittet,  and  others  tn  1m-  not  afli-ctcd  by  rc]K'fll4^  fni-nng 
bud  (liawint;.     Meyer' fuuiid  tlic  «|X)rLW  1o  be  iinaHVc-ted  Ity  13  inJn- 
Tltoa'  exiHi.-iire  tu  the  t^-mpemtuiv  of  lii(Uid  air.     Ka.saiir"Ici-y  *  ('xim.wxI 
16  Oldtiirt-  liih(-s  of  ilifilitbvria  InK'illi  In  the  wiiiur'n  n>id.  mi>  tluil  f»r  ^ 
niontllM  they  were    frozen  eoHtinuoiisly,  the  tenipeniltire  at   times  fall- 
ing to  —'2f>°  (J.f  and   found  atW  6  months  but   1   which   cnntaim'd 
livin^  budlli.     Cultures  of  plu^e  bncilii  kept  at   —24"*  C,  yieldwi 
living  iirpminniti  at  iho  end  of  ri/i  (Livn,  hul  none  after  l>  iminthti ;  lait 
cultures  on  H(?3ir  ('xiHXM-d  tu  lower  lunijx- rail  ires  were  active  at   the  i:n<l 
of  nearly  ♦>  nionihs. 

The  exweiliiijily  low  tem|N'rnture  of  liqui<iair,  —ti\^°  K.,  ap)<uin  t 
have  no  effect  on  oi^nis;:!^  Ruhjerte«)  to  it  lor  sliort  periotUi.   Iljivenel 
tinnierHii)  wilk  tlircjiil!>,  iHiiring  nnthnix  ^|ion«,  /{.  prutlii/iiimiM.  H.  'y- 
plifi^iit,  and  li.  •iijilifhrnn,  in  liquid  air  fur  \iir}'ing  pi-rioJs,  and  tlien 
planlitl  tb<-m  in  bouillon.     NiK  only  w<-n'  thi'  luu-ti-ria  not  kilbil,  butl 
tlieir  grou-th  wa!^  in  no  way  inhibited,  ninltiplication  iM-in^  in  every  in-« 
atnnoe  a*  nipid  nnd  vigorous  nu  with  the  coiilrolx.     Tlx-  anthrax  !>pitnH 
were  expu^tl  ait  hnig  an  S  bonif^,  but  the  dipliihi-ria  iirpinii^ni  no  longer 
than  ;j()  miun«'!i,  and  the  other  two  fiTms  not  moiv  tlian  1  Imur. 

Still  more  iw^iieliiHive  nix-  the  <-x perinientK  of  Miu'ladveti  and  Kow- 
land/  who  l^uhjel:ted  broth  enniltioUH  of  Ji.  tj/iihoetin,  It.  eoli  eumHiKiinr, 
//.  ffifiiilhi-rUy,  H.  jn-ofriiH  vnt'/arU,  U.  ariiU  /(ttiici,  tfft.  vhoifrtr  AimitMr, 
•'^ojihf/fwoccue  jiftntffncii  tiiirnu,  B,  anthrwiti  (i'iK>rulaf inp).  H.  jJxtifthf 
fi-Acrni,  a  ^ri-iiia,  a  .«nretuiiy>niyces,  and  uiiHlerilixiil  milk,  heniii-iimlli 
I'einliil  in  tine  (|uill«,  to  the  refrifrrmlSn;;  iiitbiemv  of  liipiid  air  for  7 
days.  At  the  end  of  this  time,  the  ipiilln  were  uiilHlrawn  aixt  alUiw«l 
to  thaw,  C'uliure  expcnment)<i  pnnxKl  ibnt  ttw  vitality  of  ibe  varioui 
micro-oi^inisniB  wa*  in  no  way  inipiiirt'd.  Kvery  sihtIp^  grrvc  vm-I1, 
the  ]>lioto]icnie  l)aet<-ria  );r<-\v  and  eiii:tl<-d  lif;h(,  and  tlw  milk  W-iviua 
'cun)lc<). 

CHEOUCAL  AGENTS. 

Tlic  liat  of  i^ubstanees  falling  under  the  Ih-ad  of  cluinical  difciufert- 
antA  Ls  very  long,  and  ineludeH  u  wide  variety  of  or^inio  ami  innivanio 
<y)ni]K>ninU,  wnnc  of  whieli  are  gnset>,  some  liquids,  and  otliers  Milubla 

'  M<.ilical  R»ct^1,  Miifrli  fl!.  ISST. 

■  CViXivlbliiTI  nir  liakti-ri<>l»){ii-,  XXVirt.,  p.  A94. 

•  Ibiik-m.  X.W..  p.  1!».  •MnUol  NvwH,  JuM!]^  I8W. 

•  Uacet,  A)tril  Sf,  1J»0a 
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salts.  While  it  is  very  long — for  almost  any  chemical  substance  jMtu 
sessea  under  one  condition  or  another  a  certain  degree  of  bactericidal 
power — the  nmuber  of  agents  which  may  l>e  reganled  as  trustwortliy  in 
actual  general  practice  is  exceeding  small.  Many  substinces  which 
have  a  high  reputation  for  efficiency  are  found  to  be  actually  worthleiis 
when  tiubjecttid  to  modern  methods  of  testing,  and  others  which  yield 
promising  resulti^  in  the  laboratory  are  found  often  to  fail  when  used 
under  the  conditions  which  obtain  in  practice. 

The  undescr\-ed  reputation  of  many  preparations  is  based  wholly 
upon  the  apparent  iniluence  which  they  have  exerted  in  limiting  the 
spread  of  infectious  diseases,  and  it  has  not  b(«n  impaired  by  unex- 
plainable  failure  to  accomplish  the  same  result  at  other  times.  An  out- 
break of  an  infectious  disease  occurs,  for  example,  in  a  boanling-school, 
and  during  its  continuance  a  number  of  bottles  of  some  proprietary 
preparation  are  used  ;  no  further  ciises  arc  re[H)rtcd,  and  the  credit  is 
given  to  the  disinfectant.  Six  montlis  later,  )>erha))s,  another  outbreak 
occurs,  and,  in  spite  of  the  use  of  the  same  agent,  it  spreads  and  the 
school  is  closed ;  this  result  is  not  charged  on  the  other  side  of  the 
account,  but  to  the  inscrutable  ways  of  Providence,  and  the  fame  of  the 
disinfectant  is  in  no  way  injure<l.  In  many  instances,  strength  and 
peculiarity  of  odor  are  the  only  qualities  necessary  for  the  building  up 
of  a  reputation  for  efficiency,  for  man  is  wont  to  attribute  (wtent  prop- 
erties to  unusiuil  things. 

Many  substances  have  undoubted  germicidal   power  over  certain 
forms  of  bacteria,  and  are  quite  inert  ag-aiuHt  others ;  some  will  kill 
every  known  form  under  some  conditions,  and  yet  may  wholly  fail  to 
iffect  bacteria  of  slight  rasisting  power  protected  by  mucus  or  other 
matter,  or  may  even  be  rendered  inert  almost  imine<liately  by  chemical 
anion  with  some  other  substance  accidentally  present- 
Chemical  disinfectants  act  in  \Jirioiis  ways  to  bring  about  the  de- 
struction of  bacteria.     Some  act  directly  u|)on  the  bacterial  protoplasm 
and  cause  its  coagulation  ;  some  bring  alK)ut  changes  in  reaction  favor- 
able to  life  and  growth  ;  sonic  destroy  nutritive  material  by  chcmit^tl 
change;  some  take  up  all  the  available  oxygen,  thus  b<«oming  them- 
selves changed  in  character  while  depriving  the  bacteria  of  an  essential 
element ;   and  others   bring  in   such   an   excess  of  this  same  element 
that  the  bacteria  cannot  withstand  its  action.     Some  even   stimulate 
nmltiplieiition,  and  thus  act  only  indirectly  by  promoting  the  foriiuition 
M   organic  compounds  which   exert  a  destnietivc  influence  n]mn  the 
wjiianiums  by  which  they  have  l>ei'n  produoeil.    The  disinfectant  power 
of  many  of  the  metallic  salts  depends  partlv  ujxm  the  nature  of  the 
solvent. 

Different  agents  produce  their  best  results  in  diffi?rcnt  degrees  of  con- 
wntration  ;  thus,  while  one  may  be  efficient  in  o  jter  (vnt.  solution, 
another  may  act  equally  well  or  better  in  0.10  per  cent,  or  even  >veiiker 
ii^tion.  Some  agents,  as,  for  instance,  alcohol,  are  most  baeterieidal 
st  flome  one  point  of  concentiation,  and  al>"ve  and  l>elow  thi.''  the  pnip- 
tftj  progressively  diminishes.     In  applying  any  agent  whose  best  work- 
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ing  8tn>ngth  it)  knowu,  it  )<hou1<l  Iw  bura«  in  mind  that  it  is  not  HJ^ 
ficifiit  til  urns  n  Hmall  vuliiim^  (if  Miliition  nf  lliat  jwrlioulur  i<m>ii^tli,  Init 
that  the  sulutancc  Um-U  onu-t  Ih-  lid  ployed  in  r-tirli  fin  uniniint  Unit  it 
hIimII  Iw  prfTM-nt  llii-oiiglxmt  tho  uliolf  mass  iu  the  {>r<>)H>rtit)n  n-ipiinil. 
Tims,  an  imciit  wliirli  U  ffliftivc  in  '2  )mt  wiit.  i^ilnlton  cannot  \tc  u-tii 
in  Umt  Htruugtli  ti>  (li.-iiifi:'(!i  aii  c'lnat  bnik  uf  infective  niatcrtal,  aiixc, 
tim  niixtiirt-  w-ntil<l  tWn  contain  but  I  jicr  tH-nt.  j 

Non-metallic  Elements  and  Their  Compoonds.  ' 

Oxygen.— Tbo  <ii.-iint'«rlani  |)n>[Hirly  of  jairt-  iiir  la  »liio  to  Iif 
oxyii^n,  whifh  attm'k^  nr)^nie  nnitlcr  umkr  Jnvorabli'  couditious  ami 
|jBniivcTt!4  it  ill  ifiiat  |Kirt  !■■  carlMni  dioxifle  an<l  xratcr.  IV>li>up-'I 
Bwnilitiii  L«  riglirtv  n-piiildl  a.*  n  v:iIiiaWi-  ll•'^i''llUlt  in  i)i!>iiifc-<-ti»n,  l«iil 
it  >-litiiiKI  mil  be  ovi-rlooketl  tlial  when  intVctcd  nbjoit'  an-  fX]H'r*-<l  ii< 
niovinjf  nirrenL'*  «ri)iit<l<»ir  iiir,  tlii-y  arc  niibjci-tttl  al^*  to  ihc  [xiwiTftil 
inttncno-  <■('  tin-  oiK-inicul  t^yx  iit'  xunligbt  und  to  tW  ]>o^ibility  uf  ilr«M>- 
cation.  Oxygen  airtw  most  ]Miw(-rinIly  in  llw-  nasi-rnt  .Mat!',  as  wlira 
lilM^nitvtl  fnim  4->ini|ii>nn(lK  wb'>s<.-ikvimi|Kiisitioii  n-Millc  in  tin-  i-«rjipi"f 
t\w  ii^iK  m  till-  tiTi'  conililion.  Aniong  tliefc  corngxHind^',  itztinr,  llir 
alloiropic  iiimi  nf  oxygi-n,  cunluiniiig  in  uicli  innleculc  tlircv  altnui> 
iiivtuul  uf  ti^'o,  and  liydrugen  {Krroxido,  may  be  nivntionvd  ibt  eouspini- 
oiis  exun)|iIo.'<  of  (ixiilkiiig  agentfi  wliielt  |iart  very  nwdily  witb  tlf 
IfHWfly  Iicid  clement. 

Ozone,  in  tlu-  minule  amimnts  in  wbieb  it  exists  nomuilly  in  nir, 
can  harilly  be  rL't^inkHl  ii.-s  itn  inijiortjuil  inHnoiiec  in  jmicli«d  di^inlec- 
tinn.  Prndiiee<I  artificially  by  meann  of  the  silent  electric  <lischarfE:r,  it 
is  found  to  be  pos»C!SJW<l  of  niniltt-il  bftclerirldiil  iiowit,  ami  Iwv  lnvn 
reeonimendei)  highly  for  t^iK-eial  work,  jsirtic-nlarly  iu  the  ^lerilizalioii 
of  <lrinkiti{;-WHler.  The  iv-^ian-lics  of  a  iinndMr  <if  invc?<li)!»torH  liav« 
deinoHstratetl  that  drj'  iKietcrla  are  not  inneh  aflTwtcd  by  dl^'  ozom-, 
but  that  in  a  moist  condition  they  are  quickly  dwtmyi.-d  by  mnnll 
anion  nt.-i. 

Knikowitseh,  f|UotocI  by  Kownlkoweky,'  ex|ierinieming,  in  181*2, 
with  |mtrffiii-tiv<-  litirlcriii,  found  ihiil  '-i  niilligriini.i  of  ozone  jht  mhin 
meter  of  air  killed  fret^b  iKieteria,  ex]Hiscd  un  iniper,  within  an  hour, 
and  H  niilligrains  per  enbli-  meter  siif1ici>d  to  de«1niy  the  drii-d  or^n- 
isniji.  Irfiter  (1888),  Lnk}ti>ebewiti>cb.  ex(>erimentiii)r  witli  It.  tmhtilii',m 
It.  i\nO>racia,  Sp.  eholfnr  Afialiac,  and  certain  puiivfaeiive  lnetena,l| 
obtained  reHnlt'*  which  were  Icjiti  favoridilc,  bnl  in  iigni-inent  it)  wi  far 
0»  llity  (lemonstnttcd  the  relatively  elower  a<'tiou  exertetl  on  diy  Iwcteria. 
Spores  of  It.  tnihlilif  Nnd  H.  nullimriK  in  a  dry  stale  wew  nnnfTeettd  by 
1.50  gmm«  of  omtne  |)er  enbie  meter,  iinil  the  conima  huctllns.,  in  a 
moiftt  condition,  was  not  affi-eted  until  after  l.l  hours'  eX]>osnr\'  lo  the 
same  atm•l^|)he^c. 

Ohlwtiller'  etnployed  a  much  greater  strength,  namely,  15  grama 

'  ZcilKbriA  fiJr  Ilvncin.-.  l-X.,  ji.  »9. 

■  Arbxiteii  no*  A«m  fuuvrlU-lx-n  (JwunJhcllMiDtc,  VllU  1KI3,  p.  SSO. 
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to  the  ruIjig  nict^r,  and  onniliicrtcil  the  tar  through  rli^tilled  water,  id 
vrliii'h  Imi'ti'i'U  vtvTv  .'>iiii]h;ii(IhI.  \Vat<-r  <'iiii(n!iiin^  iinllinix  iiiHin'.-i  wim 
»t<'rilixcii   in    10  miniiu-s    liy  Sil.'j  iiitlligntru^  of  ojeikiv;   mid  (MintJiiii- 

Iiiij;  tniltioiis  iii'  ty|ihi>i<)  mid  clioli-ni  (;k*riiiH  to  the  culiio  (vritiiji<-t«r, 
in  2  minutes  by  !(>»;  thiiii  *20  milligrtims.     Kivcr-u-nK^r  iitxl  m-hji^' 
wriv   loiiiid  t<>  l)e  uim-li   Iir-^i  nfli-^'ti-fl,  Iml  willi  iirily   infxicnitc   in>l- 
Iiiliiiii  it  ii{i|>enivd  i>n>)>;d>lv  tliut  in  uximc  jni^lit  W-  found  a  i-li(^ij>  and 
efficient  nirtin*  of  |>Lirityiii);  drinkiiig-wjilcr,     Ijiitcr  nn,  n  luiiiiltir  ••{' 
|inM>^wtit<  wiTt-  dcvinn-il  for  tlii."  iHiqxi.-ic  iinti  «im(il  out  nn  n  larj^-  wtile, 
In  ihw  li'iiw  of  arriving  at  Biinn-  dt-linitc  onmliwicm  us  t»  tlic  uvuil- 
nbilily  M'  ownit;  ai^  n  n>oni  disinfi'clJiiit,  l{iin»i>riic  mid  Kiiidcrhin '  oon- 
diii'(>.-d  11  ^crivs  of  exjterimeiil^  in  wliicli  lari^^  iiuanlilifii  w.-i'l-  iimhI,  niixt^l 
I       with  air  or  witli  jinrt;  oxygi-n.      Tin-  or};iini«ni.-»  (■iii|ilnycd  as  U-^t^  ili- 
K  rl(i<li'<t  It.  hi/irr'-u/onin,  R.  miiUe'i,  It.  dij/iiiJxeri<r,  B.  nnlltrai^'iH  {*\».inni[,), 
H  Ji.  Iftjifiogn",  H.fili  rninmnnin,  h.jifinrifcnriiA,  /{./«i.-u/;n)itirt'(l"ri('dlandt'r), 
H  It.  firxtdiijio'UK,  ."Onji/i.  /ti/f/tfeiioi  auivuii,  .^tt-f/i.  i/!/'i;/ciifM,  Mtn:  iiiuilif<in», 
•       JitrfJinromiiitv  iilhieitiin,  Snrfiiiii  vnlrlfuli,  ajiil  an  anaSirbic,  ■i|K)riug, 
IxityritMirid-fonnin;;  iKu-illnK.     Tin-  rt-Milt*  di-moui^tJiiE^-d  llmt  dry  oxoiie 
las  no  apprvciidilc  ai-tion  on  the  vilulily  of  thcw*  organisms ;  iJiat  j)ro- 
Inogttl  cxiioxiirc  dot's  iiol  diiniiiisli  tin;  jiutfio^'iii*^  viridcntv  of  /{.  lu/in- 
(iiJtm/t  in  •iftntiiin,  It.  nutfM  or  It.  /lulfiraeU  ;  that  o/Aiiie  ]Hi8)iL-d  throuffh  ii 
fluid  iitoiiinin  I'oninininghactuHii  lia.'i^Trnicidid  ]iowci' :   "that  any  |>tin- 
fyit»)»  :u-tii>n  "Uicli  immt.-  may  liavt-  In  tin-  ifonomy  of  nnturu  is  duo  to 
tl>e  dinxrt  chomit^il  nxidation  of  |>iitri-.-i<'ihle  matter ;  and  that  it  diK-s  not 
ill  any  way  hinilvr  the  action  uf  Imctfria,  wliicdi  hitt«r  an,  indeed,  in 
thuir  own  way,  working  lowanl  the   «>nic  ond  aa   the  nxom"   it<<(-lf  in 
revolving  diiid  orpinic  niatliT  lo  .^iiiijiU'r  non-|iii(n-''oihk'  snhftiintt-*." 

Hydrogen  peroxide,  IIjO^,  U  fjnite  stable  in  the  pixwpiice  of  rionie 

Mihtilatwi'fl,  hnt   give.'*   np   itn   loo^i-ly   comhiiR-d   atom   of  oxyp-ii   very 

imdily  to  ol]ii.T».      It  ie  a  i)<>werful,  odorless  oxidizinfT  a^nt,  ]irepared 

Jiy  ttio  aHioH  of  dihito  sulplmric  ai-id  on  iMirinm  ]H'nixiil('.      [t  !>•  ih-- 

niitlivc  of  Ixiirti^Tia.  Imt  liii*  no  jirtion  on  tlie  enzynii-  of  the  di;;i-wlivo 

jitirr-4,  ;iml  in  diUite  form  m  neither  pobtonouH  nor  irritant  in  tht;  himinn 

i-ni. 

Atvoniing  to  Altehofor,'  in  the  proportion  nf  1    pnrt  in   1,000  of 

■*'nlpr  oonlaining  tin*  orj^ninint  of  <lioliT.i  and  typhoid  fever.  It  pn>- 

«  Iiuvn  nierility  within  'Zi  honi>.      In    1  |>it  ix^nt,  .tolntion,  aerording  to 

'-I'miilfoii,'  ihe  Iweilli  nf  diplitberin  anil  typhoid  fevor  an-  killiil  in  5 

iiAiltiTt,  tliu  orjrunimnis  of  en'sipolaa  and  olmleni  in  2  minutes,  'Slrtplit- 

'"  py.T^'"*  ill    10   n»ni[ti:-i,  iintl  Stiiphiihmi-riiii  pi/uffrun' iiiirniii  in 

rwii  K>  to  .'(0  niiiintfK.     With  half  tliiM  strenslh,  the  typlioid  orf^uiiMn 

lul  .'^Urfilocoreus  pi/of/me^  an?  <l(«lroy(-d  with  eipial    proniptiichn,  the 

•"iitilem  tind  er^->i[>flaH  organi^im  in   '»  miautt'i',  the  Imeilhii*  of  djpb- 

*Wriii  in  A't,  ami  .'<lup/tt/foMceu»  pyogenen  aurfwt  in  an  hour.     It  is 

■tJii'vnl  by  tunny  tliat  llio  buctericiibil  etreet  of  i<unliglit  on  orgiuiisiiM 

'  Piililir  MvtMi.  July,  Vm.  \>.  iJ>M. 

*<Vnlnlblalt  fiir  Bnklerioliiirii.-.  VIII..  ti.  ISO. 

*  ZvitM-'brifl  tiir  llyKione  nod  Iiir<.-i'ii»nHkniRkli«'itm,  XiV.,  p.  437. 
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in  tiiirfiKM><vi-aters  \»  <lu<>  to  the  hj'dnogvn  [Kroxi^Iv  prndivKt)  ibnmg^  iU 
iaRu  I' ■!«.'.  I 

Chlorine,  bnih  ia  the  IWie  t;iuwuit!«  comlition  and  in  .wliition  in  water, 
hu-t  vi'iy  jKiu'iTl'til  ili.->iiil<H>tJint  and  cleiMlornut  pn)|K-rtk-».  It  tk-e-ttii- 
|H)nt-s  thi^  otienwve  fpifit-ou*  |iiTMltivt:«  of  jMitrvfaetltin,  MU'h  a."  iiiniii'iiiiii 
iind  milphun-iu-*!  hvilrogt-n,  and  in  tlie  prv.-<'nov  of  ni<n«urv  uiiite-  wiili 
hydrogen,  thuK  liU'mting  uxygvn  in  tJiu  nascent  Bbtte,  which  !?>  enabled 
theo'ijy  to  exert  its  jjower  against  organic  ntiitter.  In  the  dry  ^l«te, 
its  (lifinj'wtiuit  netioii  on  drv  mnltt^r  ta  but  flight  iind  tinn-lml)le; 
hut  ill  the  pra*'noe  of  a  nioderale  di'grec  of  tiltnon]>benc  nii>i«-1ur\',  it.i 
ellV-ct  on  organic  matter  i>>  coii^idemble,  as  ii^  elmMii  by  iU  hleaeli- 
ing  action  oil  dyed  &brice.  Th«  e-xhniii*tivc  mMNireb  of  Fweiier  and 
]'rtinkaiier '  deniou»tnit<tl,  howe\'er.  that  chlorine  as  a  ftiniigating  agent 
in  ntitriiiitii'orthy,  and  tliat  itn  aj)plit'iiti<^i  i"  uttetidetl  by  stTiouH  <)i«ad- 
vaiitaj^w.  'V\\v  lc«t-iibji.-<-l«^  enii)i<)yed  enihnieed  n  MimeMhiit  vride  variety 
of  iKtthugcnic  Slid  non -pathogenic  nrganiMiis,  and  n-en-  ex[MK<e<l  uitdvr 
difU'iytit  cotidilinn^  of  nioiKturc  and  dn'ncex  for  \'anr'inf;  pcntNls  and 
to  different  pereentagpfi  of  the  gna.  The  rv!«tiltfi,  as  a  whole,  were 
highly  mi«ili«fnet<iry  from  a  i>nu'ti(.id  i^1imd|><iinl,  on  aceouni  i)f  the 
inijHit'f^ibiltty  of  prujwrly  n'giilating  all  the  new-PHiry  conditions,  the 
abi-(-nee  of  |x>n('tniting  |niMrr,  the  dc-ntnii-tive  itction  on  iidmcn  tu«J 
other  articles,  and  the  tineertainty  in  achieving  the  ohjeet  sought. 

"Chloride  of  Lime,"  wliieh  i.-*  n  (H>udi) nation  of  ndeiuni  chlxriil 
and  hyjMML'hlorite,  the  reinit  iif  pui^King  ehlurine  over  tXry  AnVi\\   lime, 
wiw  in  nrv  as  a  dininfei-Iant  and  deo^lorant  for  a  long  time  Ix-lore  il 
developmeur  of  the  wienee  of  Iwrti-riologj-.      In  1881,  in  lliv  (<oiir>ci>f 
tile  fli-st  real  investigation  of  the  |>roi>erti«i  of  what  were  common) 
rcgiinlwl   a*  disinfiTtantw,  Kwh  obtiiiiiiil  very  uiKvitivfni-tori-  re-t"!' 
friim  hi!<  tests  with  this  agent,  whieh  lliereiipon  to  a  gixut  e.xt'-nt  u 
di^eiirded.      [n    I:18'i,  Sternliei'g,  then    ehainiuin  of  llie  eoiuinittec  of 
the  American   Public  lle:iltli  As!>ociation  to  which,  in   1884,  the  rn 
je(jt  of  disinfectants  luid   Ihimi  ivfernii,  took  very  different  gMHim 
regiirfliiig  lhi«  smd  other  by |we!iio rites,  and  aswrtwl  their  cffieienej-  i 
no  iiiiei'i-tiiin   li'nn.H.     Siiuv  then,  the  mailer  hiuf  l>een  tlw  nulijeet  i 
many  i ii vest igsit ions  by  <iinipi'(ent  ob*ervers  and  while  tn  Bonie  liiind<i 
the  rfwiilts  have  faili'd  to  l»e  unifornkty  favorable,  tlie  work,  iis  a  wholly^ 
has  ftiAtiiiiKil  (he  [lOHition  taken  by  Stornlx-rg  as  ii  n-Milt  of  hie  uwtn 
experiments. 

\V<ii-c)iix4>fr,  WinogrtidxIV,  and  KnU-inikoiT'  (I^monntmlci)  that 
anthinx  qxires  were  kille<)  in  1  miiintt-  by  a  o  mr  eout.  soUiltnU, 
although  in  Koch's  cxjicrimentA  ttu'v  had  been  found  still  uetive  at  lh< 
expimtion  of  2  days.  Jat^-r,"  in  ISKlt,  concliKh'd.  allcr  n  series  nf. 
te?-tj-  with  a  nnmlwr  of  species  of  jKithogt-nio  boeleria,  titat  it  U  n  verj 
eBieient  disintUtiint,  even  in  weak  Milntion)^.     Nif-en,'  in   IK^IO,  all 


'  MiuhMlungcn  rvw  >li.-ni  knlwrlicJipn  Itcmin'llicitmnle^  11^  pL  228. 
*  CwBltnlMalt  tnr  Unktrml-iKU',  l'<'<7,  i>.  (Ml. 
'  AtVlten  Biw  <l«ui  hulM.*rlii-1icii  i><r>u>iiibi-itMiiiile,  V.,  n.  S47. 
'Zeitwlirin  rar  Hyuaww,  Vlll.,  p.  iM. 
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a  series  of  careful  ex[)eriinents,  reported  that  the  oi^nimns  of  cholera 
an<i  typhoid  fever  wore  destroyed  in  .5  minutes  when  the  muteriul  in 
which  they  were  present  contained  0.12  i)er  ceut.  of  the  u^reut,  and  in 
10  miautes  by  half  that  aniouut.  Anthrax  bacilli  were  killed  in  1 
miuute  by  0.10  ]»er  cent. ;  Stfiphyhcoo'ue  pj/of/eties  riurewi  and  Hlreptn- 
coccuB  ergmpdatu  in  5  minutes  by  0.12  and  0.15  per  cent.,  reBi>ectively, 
and  in  1  minute  by  0.20.  Anthrax  sporas  of  low  resistance  were  de- 
stroyed in  15  minuter  by  5  per  cent,  and  in  70  minutes  by  1  per  cent. 
Very  resistant  spores,  capable  of  surviving  4  Iiours'  immersion  in  0.10 
per  cent,  corrosive  sublimate  and  10  minutes'  exposure  to  streaming 
steam,  were  killed  in  4.5  hours  by  5  per  cent. 

Klein,'  expennienting  with  sodium  hypochlorite  in  10  per  cent.  «)- 
lution  (1.0  per  cent,  chlorine)  on  the  colon  bacillus,  antbriLX  spores, 
Staphylococciui  pyogenes  aureuH,  Ji.  e>iter!lidiit  itporogeneg,  and  the  Imctcria 
of  typhoid  fever,  cholera,  and  swine  fever,  found  that  all  were  killed  in 
20  minutes,  and  the  noo-simre-bearers  in  10.  In  oue-tenth  as  strong 
solution,  all  but  the  two  kinds  of  spores  were  destniyed  within  20 
minuteri.  Duggan,'  working  acconling  to  Sternberg's  method,  reported, 
in  1 885,  that  his  experiments  hud  .shown  "  t)iat  a  solution  containing 
0.25  per  cent,  of  chlorine  a«  hypochlorite  is  an  effective  germicide,  even 
when  allowed  to  act  for  only  1  or  2  minutes,  while  0.06  per  cent,  will 
kill  spores  of  B.  anthracit  and  B.  nudtUi*  in  2  hours." 

The  composition  of  "chloride  of  lime,"  or,  more  properly,  t-lihrinafed 
Ihne,  and  its  mode  of  action,  are  matters  concerning  which  there  is  con- 
siderable disagreement.  The  substance  is  held  variously  to  be  :  (1)  a 
mixture  of  calcium  chloride  and  hypochlorite ;  (2)  calcium  hj-]K)chlorite 
in  which  one  CIO  is  replaced  by  CI,  that  is,  Ca(C]0)CI,  which,  in  e<)n- 
tact  with  water,  is  broken  up  into  culeium  chloride  and  hy[H)chlorite  ; 
(3)  a  compound  of  calcium  hypochlorite  and  oxychloride  with  4H,0, 
formed  according  to  the  equation 

4CaO,n,  +  2C1,  =  QiO,a,  Cii,(l,n,4H,0, 

"which  is  split  up  in  water  into  calcium  chloride,  hypochlorite,  and 
liydroxide ;  and  (4)  a  compound  of  calcium  chloride  with  hydroxide,  of 
"^hieh  one  H  is  replaced  by  01.  It  is  white  or  whitish  in  color,  and 
occurs  as  a  powder  or  as  friable  lumps ;  it  should  he  dry  or  nearly  so, 
«Dd  should  have  no  more  than  a  faint  odor  of  chlorine,  which  element 
■e^Muld  be  present  in  available  form  to  the  extent  of  not  less  tlian  .35 
per  cent,  to  conform  to  the  re(]nirements  of  the  U.  8.  P.  (British 
standard  =:  33  per  cent,  German  standanl  =  25  j>er  cent). 

With  keeping,  under  various  conditions,  chlorinated  lime  may  undcrgr) 

decomposition  in  a  number  of  ways.     A   pasty  coii(litif>n   or  a  strong 

*>dor  of  chlorine  is  evidence  of  partial  decomjKtsition.     It  is  only  |wr- 

"4lly  sohible  in  water,  and  its  aqueous  pre])an»tious  hr-  made  l»est  by 

Wtorating  the  requisite  amount  with  water  t<t  the  consistency  of  cream, 

'  The  Uncet,  Nov.  26, 1896,  p.  509. 

'  Keport  of  the  (^mmiltce  on  IhiunfeotanU  of  Ihe  Alucriiain  Public  Ileallli  AwvH'i- 
*1M:  Baltimore,  ltUi5,  p.  12. 
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and  tlii'ii  (1!liitin)f  to  thv  (kt!tml  volume.  Thv  iiiltlitinn  of  ncid.-'  to  tb<> 
^liitioii  iiui.-nw  t-V"lution  of  clilorinc,  liiit  iho  mrlioii  ilioxjilc  iiuiiimllr 
prcfU'iit  ill  IIk-  wiittT  iir  iil)w>rl>i'<l  I'lvmi  tin-  iiir  <It'rt>iiijM>*<'^  the  liy|w>- 
flilorite.  yiflding  oilcUim  rarbonaU-  and  iiyprHilortiiiB  lu'iil,  llic  latU-r 
of  wliioli  liriiiks  ii|i  into  iictivi-  oxyp-ii  mid  fni-  WdrnK'lilorif  iicid. 

Tliv  ■solution  kti»u~ii  ii-^  tlio  "  Aiiit'riimn  ^tundanl  '*  iviiiiniiH  U  ouikx?' 
of  iIk-  |M>wd<-r  to  ihf  piWtm.  It  la  iiM-d  Inr^-ly  in  t)ii-  diFtinfrciinn  iif 
tliwliiirnf",  mill  fur  wriil)biiin  flcMir*  11114)  irtlu-r  wotHlwork.  A  witikrr 
Holutiaii  is  pmpWwl  for  the  treatmpnt  of  infedtil  |jKl-1in<-ii  iiml  vrn^h- 
Mi-  flothiiif!,  hilt  on  lu't^niiil  of  iIh  dvstriK'livi.-  Hctiiiu,  ihi-si'  iirtlili-s 
should.  iifl^^T  :i  not  too  loiif;  tmniL-i^ioii,  lie  w*ii>ihHl  lIioriMighly  in  pkiilv 
nf  IVi-b   wiitcr. 

_    Sodium  bypocblorite   solntioB,  oihvrv-i^  bnown  an  chloriniiii'd 

■od:)t  Ijabm-r-.KjLicV  •sohilion.  :uid  H()lior  mmW  chloniUr,  i*  '*iiii  u4)»<>iihs 
8r)Ititii>ii  of  scvrnil  i-hloniii-  (Nini|HiiiiKl)>  «(  HMliiim,  chii'fly  NiiCiOiinJ 
NiiCl,  iind  i-untutiiiiif:  at  least  2.li  [kt  WDt,  hy  Mvighl  of  HVHilal>l« 
otiloriuG  "  (I '.  S.  P.).  Ii  is  iisod,  hut  licit  w  t-xtMisivi-ly,  for  11h>  nine 
[)lirjiow!i  ii«  ohliiriiiiitiHl  liiiii'. 

Bromide  iui<l  Iodine  l)iivi>  {M>werfiil  di.-*iiift'Otaiit  properties,  htit  r<ir 
Hfvcnil  n-iu'i'iw  iirt;  iiol  ^iiilw!  to  the  |>uq>iife»  of  (rmetitid  di»iiif«vlion.  M 
In  wnie  it-wiM^tw,  hromiiie  in  r-iiiicrior  to  rhloriiK- n»  11  gt-miicidc,  l>ut  V 
it  ifiliimgnittMcmi'l  i]iitit:iT<iiiK  to  tiaiulk-,  and  i>  miich  oiore  r>x|>i->K>ivr. 
Ifitliiie  is  k-ss  efliriciit  than  diloriue,  iind  offers,  iieiiker  im  sin-h  DoraF< 
the  Iriehkiridc,  any  iiilviiiitiif:*-  over  elilorine  nnd  the  hy|M>i'hhiriin>,  hui, 
on   the  eonlrary,  a   niinilKT  of  diwidvantaf.'es  which  are  »uf1inenl 
fliininate  it  I'mm  llii-  li^l  of  |ini<'Cic;il  difinr'H-tim1<^. 

Sulpfaur  dioxide  easily  oiitmnks  all  otWr  disiufeetsiita  in  point  of 
k-ii)^h  of  servi<f,  its  iiih'  ilftliiig  Iwrk  to  very  niieieiit  tinje».  Wlinp  i 
hftH  iiiuloLihteil  hactericidiil  projiertics,  it  hus  heen  di'uionfitmtMl  hy 
K<H-li,  WolfT'liiigi'l,  nnd  llu-ir  imHiH-intt';*,  nnd  many  otlK'i>>,  to  Ix-  wholly 
untnistworihy  for  K*-iH-i-nl  ui^e,  and  iilthon<|;li  iftill  ven'  extetii>ively 
(■tii|iloy<<<|  hy  pnhlie  Hniiitary  iinlhontieii,  in  ni|>iilly  U-tng  Hlwindon*^  in 
fiivor  of  moiv  ellieient  iiml  letiiihle  ii^-ilt«.  ll  i»  |i«iMy  11  stirfiu-i-  did- 
infeetant  under  eondilions  motit  favomblo  t«  its  aetion,  mid  even  then 
i*  effw'tive  a^.iinst  only  o  Honiewliiil  liiiiitwl  niiniU-r  of  jiiK'<'ies  of  |ulh< 
genie  hacteria.      It  i;-,  however,  very  ellieient  against  niosijiiitoe*. 

Sulphur  dioxide  i.i  a  eolorless  irre^|iinilile  giLS  {irtHliinMl  liy  burn- 
ing roll  •'iilpliur  or  "  flowen^ "  in  tin  ii^ni  ve»H^'l,  pluet^l  as  n  pntiiiitioii 
against  tire  in  a  (uin  of  wnter,  or  hy  hnrniit)^  ^Til]rliiir  (iiihIKi^  or  irarln>R 
di^ulpliide,  the  latter  in  a  liinip.  The  nmoniil  i>(  •^iiljihitr  en:|ihiy(H 
varies,  a(vonling  t'>  the  eustoni  of  the  i)penator,  fntoi  1  to  6  i>oiind, 
per  1,(M)0  mbie  feet  of  air  s)>nee ;  hut  the  whole  iimottnt  i»  Di>ver  ciiih 
8iim»I.  nnd,  indeed,  nniier  onliniiry  eiri-umstan<-es,  mnibuslion  ixmci 
before  a  half  or  even  a  third  lias  In-en  hnrn<il.  In  onler  to  avoid  the 
neeivwity  of  hiiming  siilplnir,  the  litjueiie*!  giw,  cDdIuIiimI  in  eylindvrx, 
i*  employe^l  to  jtonie  extent. 

lu  the  aWiioe  uf  moistnre,  the  netion  of  i«iilphur  dioxide  on  cvva 
tin-  Icaiit  nvistAUt  bntrteria  i>-  pracliMlly  nii,  aiid  even  wheu  water  i; 
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b'a))nRtI«?d  la  the  mnni  Iiefurphnrul  nr  at  the  siiijic  limp,  and  the  pi* 
w  pn^'iit  ii)  tin-  hij:li»T't  |«-iT'ciitn(jf  |mM.ililtr,  tht-  L-xiMiifK)  urgniiii'mK, 
ivht-tliiT  of  low  nr  higii  rpT-istiinoi',  an-  liki'Iy  to  vi'Xi\\n  ihi-ir  vilalilv 
iii)itii|)aiiiil.      ll    i.i  triu-  rh:il   Nutiic  i-.\]u-ritii<-iitcrs  h:ivr  n-|ioi-|>'il  (;niit 

IriU(.'4^v>f^  in  ttii;  (Icptniclioii  uf  p^iihii^icnic-  i)r;niii>imfi  liy  niL'iiiifi  ol'  ihi^ 
li)[ii)t,  but  tlie  ft<lv(frse  n'|>(>rtA  arc  rin  imniiToiis  ihut  it  tiiiint  W  cUtir 
that  inu<-li  olliciitl  iliiiiiiriTlion  \\y  miutii^  of  it  m  wuivc  than  iiii 
cnipty  form  ami,  Ky  ix-jwin  of  caii^iiig  a  I'alsp  twuwr  of  Hcoiirily,  a  pofi- 
livv  iliiii)^-r.  Kvi'ii  wcrv  it  an  cHicifiit  liisinfti-tiiiit.  the  nuiny  <li»fld- 
vanlaj^fs  which  attfiid  iu  use  woiiUI  wiilKw  to  make  it  iirnli*--inihle  lor 
gKiivrnl  (Htqia-xr^,  iw|n-ciiilly  in  view  of  tlic  furt  tlinl  th«  Ninn'  <lii«({- 
%iint«jivs  at*  wholly  abiieiit  in  other  procc-fttios,  (ii  the  prt"*fiK(-  of 
luoi^tiin-  and  air,  it  j.i  to  itoriu-  cxiiiil  nxidiKt-d  to  r>ul|iliiiri('  arid,  whiili 
r«trriNli-<   fahrivi!  and  other  ohjct-t^  ;   it   rwhiw.s  orpmit-   iiiatt^^Tfi  and 

»d<«troyii  orgjuiic  colors  ;  it  taniinhc^  Unx^s  and  silver  waiv,  gilt  frames, 
nnd  "tliiT  oiycrl* ;  it  Iwiven  a  diwgrw'ahlL'  ^"lor  which  ]>en?i.«(H  for  (lays 
nn<l  eveit  wcckr^  after  thonxi^fh  aeration  ;  !M-d<ling  and  other  artii'lea 
lHx»ni<>  im|>ri';fntitiil  uith  n  {Mttiliiir  lii^hly  otren^ive  odor  uhirh  ii-ndent 
tJieir  tip«  nn[>li'.t>iiitic  and  even  impw^ihle ;  and  it  hii^  nincli  little  power 

tof  |M-netrati<>it  tliat  only  nuc-h  (ivpmi.'<iui4  n.4  iire  ex|MimuI  ojH-nly  arc  likidy 
to  Ik-  affcctwi. 
Where  Mil])hnr  dioxide  is  the  otfieiul  disiufietant,  it  i.-<  i-omnionly 
enjoined  ttiat  the  iimm  sliall  Iw  elijinsed  thoiinif,'hly  ami  air  frwly  iwl- 
mittcil  for  some  days  aiier  fiimi^fiition.  The  m-oe.-Hity  of  this  sii|>]ik— 
nientiiry  (irow^w  in  in  itself  an  aduiUsion  of  the  Inadequacy  of  the  intiiii 
operation,  for  if  sulphur  iis  un  efficient  disinrcct^nt,  the  a]i[>liattion  of 
oft  soap,  earlHitie  aeid,  hy|HM'hloril<w,  and  other  np-nts  i)y  imans  of 
the  M-nil>hin;;-hni)fh  an<l  etothn,  the  removal  and  replacing  of  wall- 
[pa|HTs,  the  proetr^s  of  whiti^wiLshinif,  and  other  nieauH  of  renovation 
|Tt.-ooiiinieiwleil,  are  atiaekt  apiini't  an  iinafnnary  evil.  Gnuitttl  that 
Hhese  pmeeBHcs  are  neireswiry,  the  elaims  of  onlphnr  dioxide  as  a  pnie- 
lliHiI  disinfectant  nin-t  fall  to  tJic  |;rmind ;  if  not  tietx-iisar}-,  tliey 
[sbuuld   not  he  enjoined. 


Lime  and  Metallic  Salts. 

Lime,  qaicklime,  ur  calcium  oxide,  has  lon^  Ijecn  knovrn  aa  an 

acent    ]n issi ■.■«.- iny  git«t   (lower  in   destrtwiiif;  nrpinic  inalter,  and  \\a» 

U.11I  n*e4l  cxtenj'ively  from  ven-  early  tinic«  In  conncelion   with  di*- 

(""Bal  of  the  d«id.     Trtatitl  with  half  its  weig^ht  of  water,  it  is  shike«l 

•<»  a  ilry   powder,  the  hydnile,   wliich,    mixe<l    with   pnflicient    water, 

ffnni'  the  well-known  "white  wash"  (y>mmonly  iLsed  for  disinfecting, 

*Wi>t'ti-nin^',   and    hrip|;hlenin);    tlie    walln   of  <rJlam,    moms,    UtrraekA, 

liViH,  poultry- houses,  and  other  outhuihUnKs.     Slaked   lime,  mixtnl 

^4  four  volunnts  of  water  to  the  (ronsist4'ni'y  of  erwini.  forms  what 

■  Ntmnionly  known  a^  "milk  of  lime,"  whieti  i*  uw-d  extensively  in 

nif  dihinftvtion  of  excreta  and  privy  vault.-. 

Tbo  s<riculific  invc:>.tigutiuu  of  the  dtHinfcctttut  jtroperliea  of  lime  hy 


I 

I 
1 


528  DISiyFBCTANTS  AND  MSIXPECTIOS.  ^H 

lyihoriiin,'  tttidcrtiikcn  nt  tJie  iiiHtnncc  of  Kooh,  (krmniititrntod  \u-  valiis 
in  tlip  (Ict-lriK-tion  of  the  badcriji  of  typhoid  ft-vcr  iiitcJ  rltok-ni.  tlia 
former  of  «hioh  wert-  found  «>  lie  licstmyed  in  a  few  Ixnire  by  Xook- 
WHttT  4'tMitniiiiiix  0.0074  |wr  »iit.,  nnd  t)iv  Intlrr  within  tlir  tuaw  time 
hy  (),n24l!  |H>i'  4'rnt.  Ciiulera  bouillon  lultiin^,  roiiuiiiiitif;  riumiTnui) 
roii^iilu  of  nlbiiiDii),  HiK'h  n:>  wmilii  Ih'  |iri'M-iii  in  obolcrii  iliKC'liur);).-!*, 
tbu>^  offeritij;  niifnvinible  cutidilioiis  fur  the  uctioii  of  th*^^  ilisinlet-tniil, 
were  coni|>lc-lvly  disiiifwtvd  uitliiii  tim  oiiurtw-  of  »  fon  Ihmii-a  by  O.-tO 
por  cent,  of  uiire  lime  or  by  '2  |x>r  o.>nt.  of  tirJiiuiri'  crude  linii*.  He 
peconiiii^iitlMi  tile  eiiijilDynieiit  of  the  pure  dry  |>ow(ler  or  of  itiilk  of 
liiiK-  I'liiiiiiiiiii))^  20  jH-r  ti-nt.  tlu'n-nf. 

Fa\»rable  r»*idt8  were  obtained  also  by  Kita«ito,-  who  foiinri  ihnt 
tbt-  .-Amc  two  i<]MH;i(vi  wtrrti  dcMtniyitl  by  »l>ititt  O.K)  |H-r  u-iit.  in  from 
four  to  five  hours.  I'fuhl,'  rarr\-ing  tlit*  cxperiiiHiit»  ^omevhal  farlbi-r, 
reeoriimi'ii<l<il  tlic  uw  of  milk  of  lime  of  20  jxr  n'lit.  .ttn'tictb,  fn-jJily 
prr|mrt'il  Irnm  jiino  of  p)od  (|n!ility.  for  thi-  di><infi-<-(ion  of  Iimiw  Af'yn— 
tiniis,  prcMribiii]|r  tlmt  it  fliould  Ih-  iiddiil  in  suffici<-nt  ()imi)ttty,  with 
tl)orou{;li  mixing,  until  thiT  nliulc  iiuiiw  i»  stroiiely  iilkuliru'  in  evm' _ 
part,  B»  shown  by  testing  with  rnl  Iitmn»-fia|>er.  With  siK-h  irvatnu'ntffl 
lie  )i>t*eTtcd  thiit  complete  cleriliaitioii  \i-  ntx-imipliKlied  wtlhiii  an  hfwir.  " 
Kxteiisive  resciirches  by  numeriuiH  other  m<-|]tiHtf>,  allhongh  dillirin): 
t4omi^whi)t  ill  ii'!<uU>  in  tiHiiin  unintporliint  ptinictiljir",  hnvi*  ivnlinuvd 
the  onchi^ions  of  these  ciirlJer  investigators  as  to  the  gmit  |>nieti<iil 
vahie  of  thU  n^it.  An  to  11.4  value  in  e«>ni|niri.'<on  with  ctdorinatMl 
lime,  thciv  ij^  disajn'ceintnt.  some  antliontieK  fjivorinp  the  one  and  wime 
the  other,  but  praetiiitlly  nil  nuite  in  the  ojiinioik  lliut,  whii'lH-ver  U  iho 
more  etliricnt.  the  dillereiiee  '»  Kli;^it. 

Of  gr»'iit  pnietieal  iraportanee  in  the  use  of  any  disinfMinnl  "u  n 
large  )^enle  is  the  itvm  of  e:i:|ieii»e.  It  hnpiHii",  forttiniitely,  that  thii> 
valuable  aid  is  exeeedingly  eheap,  and  thai  its  uw  with  a  lilx-ral  hand 
in  exit-Hsof  (he  reeommendetl  nnmunt  may  1m'  uiptl  witliotit  promoting 
lavish  ex]ienditure  of  money.  In  the  disinfeetion  of  §itiHds  it  is  mni- 
mnnly  Hdvi»e<l  to  wid  al  hwt  nn  (i|iial  volunw  of  the  milk,  or  evrn 
twicvuf  mneh,  nnd  to  allow  the  mixture  to  tftjiml  for  two  Itours  or 
longer  before  tiuni  di.ipoMil.  In  eamp  f«nitation,  it  \»  miieh  iiniiI  with 
txeellent  nisidts  ;  but  for  their  attninmcnt,  <<0li8tant  wiitehliil  Hiper- 
viwion  \«  necessarj". 

It  .dionhl  lie  Ihimii'  ill  iniml  llial  air-diiked  lintc  t^lioiidd  uol  W 
employed  in  the  prepnratiim  of  the  milk,  and  that  ttM-  latter  on  stand- 
It^  loseK  its  hoiiiogi'iieoiis  ehnnii-ter,  whieh  t<hoiiId  l>e  n^iorail  by 
stirring  or  shaking  ciich  time  the  material  in  uxd.  The  milk  is 
mo^t  piiwerful  when  freshly  prepan^l,  and  t>hoiild  not  be  »isixi  whiii 
older  tJiiin  a  few  dnyn,  tinlevii  iniwt  mrefnlly  ])ri^i(vtc<l  fnim  euntart 
with  uir. 

TtlTOUfl  Stllphatfl  and  other  mlt-  of  iron  have  long  \n-*'n  umrA 
exten^ively  both  as  gcrniieiilei'  and  deudonints.      All  ceienlilic  inve^ti- 

'  Zrilivlirifi  {i,T  llvi^i-iie,  IL,  p.  ISi. 

■  lUilMii,  111^  !>.  iM.  *  WMtm.  VI.,  p.  07. 
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gatiotiH  of  the  dittinri-ctant  pi-operties  of  fprrous  sulphate  by  Koch, 
.StcriibtTp,  iiiul  otliors  Imvc  dfiHOiistniUHl  (lie  iiIUt  W(irllik'wiiif.>fl!i  of  this 
a^nt.  Not  only  doen  it  tail  as  a  ;;*■  rmicide,  but,  a^i  has  been  jwinted 
out  by  FixiLc,'  it  Iiiik  nUo  no  vbiiin  to  be  i^iiisiilcrt^l  a*  u  ilvotlomiit. 
Its  employment  in  this  capacity  not  infrfipiently  makes  a  Ijad  odor 
worse,  ihiviufjli  i-bemiiMl  nation  on  orjpiiiii-  coiupouniLi  pi-oduix-d  in  tbe 
pi'tMX'.'i.s  of  (Hit  re  fact  ion. 

Ferric  sulphate  has  been  shown  by  Riecke  *  to  have  v«y  ronrked 
actiiin  ngjiiiiM  tht-  biifk-ria  of  typlmid  fcvcr  and  choluni  in  acid  iind 
alkaline  excrera,  when  added  in  an  equal  voliuue  of  a  per  wnt.  solu- 
tioii.  Thi-  ilis)i(IvaMta)^-s  MtlciKling  ii:«  n!*c,  however,  more  than  out^^ 
wiiph  any  coubiderations  which  may  lie  nrgwl  in  favor  of  its  cm  ploy  mk- lit 
iu  place  of  oilier  nioiv  r'tlifii.-ut  and,  on  all  aocountf,  leK-^  objectionable 
agc^nt^. 

Perric  chloride,  al-i,  has  some  claim  t«'  be  reganled  as  a  germicide, 
but  it  U  irifi-rior  tn  tlii.'  Kuipliat'L'  uial  \*  oj.icn  Ut  llie  same  objt.i't ion.v 

On  the  whole,  therefore,  the  iron  compounds  may  safely  be  passed 
by  in  tht-  pnieti<-<'  of  ilisiiitis-timi. 

Zinc  chloride,  like  ferrous  sulphate,  was,  until  eubje<.^t«^  to  the 
rigid  lest  i)f  liiuitcriolog'icjil  |iiM(if,  ri'yardHl  a-t  a  most  efficient  disin- 
fwtanl,  and  t'>-ihiy.  allhungli  the  original  ailversc  findings  of  K-wh,  in 
ISSl,  have  bi-en  eAnitirmi^I  by  many  careful  experimenters.  It  is  still 
Very  exten.-'iveiy  employed,  and  in  niiiny  plaee*  \^  preserilieil  oflieially 
by  the  local  health  authorities.  Under  some  conditions,  It  does  succeed 
OCuiNionaliy  in  ilcflroyirif;  wome  fonaf  of  baclerlal  life,  but  its  plaev  in 
the  list  of  actual  and  supimseil  disinfectants  is  well  down  towani  the 
very  Ijoitom.  It  i.*,  however,  .■"luicwliat  eltieii-nt  as  a  deodorant.  The 
sulphate  and  otiier  siills  an?  eqiudly  inefficient  iis  disinfectjuits. 

Aluminum  chloride  !.'<  the  chief  soluble  nonstituent  of  a  mimlxT  of 
fxtreniely  jH>pular  projirictary  tlisinfectnnts,  prescribed  by  practising 
physicians  and  botifflit  with  and  without  advictt  by  the  laity.  Iyik« 
other  Mhimiunm  eouipuiitids,  the  isulphate  and  the  ahims,  for  example, 
it  is  powerfully  astringent,  even  in  dilute  form.  It  is  ehesip,  hiu«  no 
action  on  metallic  MiiliKtaneei*,  and  dins'  not  slain  nor  otherwise  injure 
fabrics.  It-  disinfectant  action  is  slight,  and  herein  it  agret^  farther 
with  other  ulinninum  eotn|Hiun(ls.  .\  niimln'r  nf  pmprietarv  pn']Hini' 
tions,  in  which  it  is  present  either  as  princii>al  or  auxiliary-  ingredient, 
examine<l  by  the  author  with  Mr.  R.  M.  IVjiro',^  weiv  found  to  !« 
ineffieieiit.  The  tewt-objects  inclnde<i  cultures  of  li.  tinthiitcU  and  B. 
tffphosus,  typhoid  dejecta,  di(ihlheriiie  nuinbi-.ines,  and  tnU-n-ulons 
i«|iutu.  VmU  of  five  prepunili'iiis,  jii  the  >ln'ngtii  reeonimendi-d,  wait 
subjecteil  to  10  tests,  and  their  proportions  of  successful  dLsinfection 
varied  from  20  to  70  per  nenl,  .\nthnix  l«nrilli  wen;  de--«Ir(>yed  by 
one;  one  culture  of  B.  (j/p/wwiw  was  killed  by  one.  another  by  all.  a 
third  by  two ;  one  typhoid  stooi  was  unaffei-t^sJ  by  all,  a  itecnnd  wan 

'  Anierii'iin  Jmirnal  of  iho  Mwliiiit  Si'ii-iin*.  XCVIII^ji.  320, 

*  Zeitwlo'ift  fiir  Hvigicnp  uii<l  Infcftiimxki'miklii-itvn,  \a1V..  ii.  'MS. 

'  Journal  of  ihc  ^ulun  Socicly  of  .Ucdicul  !tivni.isi.  Moreli,  ibW. 
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QHtfliKHl  I))'  nil,  iiiiil  n  lliinl  liy  ihn^o;  kim-  siit^'iiiifti  of  difihthvnlic 
meitibraue  wu6  litcrilizetl  by  tViiir,  uiul  uitntlior  by  only  one ;  Uiberculwu 
^JHltllm  was  aflV<'t<'ii  t>y  noiw?. 

Potassiam  permanganate,  will  known  ii»  m  ixivn-rfiil  nxidixin^ 
ej^it,  is  mncli  hhi'iI  in  sur^tical  [iraciioe  and  in  otlier  linc-a  of  hptial 
work.  It*,  wv  in  Iii<liii,  iliinng  i-pidiink'.-^  uf  clioU-ra,  in  lhi>  [iiiriiira- 
tion  of  wells  is  said  to  yield  valuable  reitults.  SiifiScicnt  of  llie  sail  ti> 
cuticM^  n  Rliglil  tiiijjc  of  rnlnr  is  atldcd  to  the  water.  lu  iHiDtael  nilh 
Clonic  Diatlvr  and  oxidiaiblc  mim-ntl  MibntHim^,  it  purlt^  vi-n  rentiiy 
with  itfi  available  «xyg«i,  and  it  is  to  Uiis  element  (bat  wlcilever ili»- 
itite<;tant  [>ii>|K"i'ly  it  ha»,  ii^  <bi<'.  I'ntominati'ly  for  it*  um-  id  p-mral 
clitfinrcctiun,  a  sniul]  amount  of  organic  tnatt«<r  DNjuires  a  wt}-  bip 
aniMiitit  of  tbe  Mill  for  e<>iti]ilclt>  oxiaation.  1'hnx,  onv  ounof  of  lujUid 
lk<r<w  or  of  nriiie  mn  reditco  i^nvb  an  amount  that  it  is  <»limH[<.*l  ibt 
tbo  sterilizafion  of  [be  total  '2-i  hoHr?-'  excreta  of  one  [ii-roKi  «<niliiiii'i 
about  tivv  ilolliir^.  Il  umnol  be  ui^ml  in  tbe  treatnic-ul  of  cSelhiu;:, 
einoe  it  catises  stains  of  a  ))ennno«Rt  character.  Tlie  readinesj  uiiii 
wliieli  it  il*  nidiKX'd  Hn<l  rendere<l  ineil  by  miittcr>'  tiK(>ociAti<<l  witli  bt^ 
bTiu  makeK  it>-  (^'rniiciilal  action  uncertain,  although  lalxiratorv  i'i|fri- 
nientation  h»s  deinon.->lratc<^l  it.s  iindouI>tt>d  |>onx-r, e\'eii  In  w«nk  MlulJoti) 
ogainxt  iMnrtcriii  of  liijjli  rc^i^tuncc. 

Oopp«r  sulphate  in  weak  sobitiontt  destroys  spord««i  barlerti  in 
freal  variety  within  a  short  time,  bnt  in  |>nt(.iiuil  work  ite  ii>*-  i*  ralbw 
limited.  It  linn  liec-n  rti"oinineiid<<l  stronirly  for  tbe  sierilinii-'n '« 
fieofs,  but  it"  eoht  and  ntber  diKidvantu^?',  not  lo  nienti'm  tli*  mfr- 
riority  as  a  ^rmicide  to  other  cb«ipcr  and  more  a^'ailal>le  Biib^tnui^ 
makv  it  improbidile  tint  iti  enijiloynient  will  ever  Ixwonic  wry  txtw 

BIVIU 

Mercuric  chloride,  t>r  corrosive  sublimate,  b  Iwynnd  (ineslinn  tbt 
most  )jo\verful  of  all  the  metnllie  kiIIh  ae  a  dit-infix-taul,  -linoe  rvtO  n 
3ueh  dilution  as  0.01  to  0.10  jkt  cent,  il  is  capable  of  destroying  lb» 
tno»t  rt^vistant  orpuiisms  known,  ineliMling  tlte  H|x>n«  of  Hiillimx  *M 
of  the  hay  baeilUif.  In  Kix-b's  oft-quot(s]  esjieriments,  the  gri*^ 
of  anthrax  lunilli  was  j)n'veiite[l  hv  I  jmrt  in  :t(IO,0()0,  niHl  iIk-  fV*"' 
were  killed  in  10  minutes  by  1  in  i'0,000  (O-OOfj  |K-r  cent).  HL-W 
iuvcjitij^ition,  however,  utiiMed  him  to  niotlify  his  orieiiuu  ««tunibr  t^ 
to  it»  efficient  working  irtrength,  but  did  not  ili»pIuoi'  it  from  itv  immI"" 
at  tbe  head  of  the  list  of  nieljillic  disinfectants. 

Invt'^tipntion  by  .itlicrs  ba»  piven  n'l-'ult*  of  veiy  variidde  ctinnrtff. 
some  conlirmator\-  of  Ktx'b's,  others  decidedly  in  M>ntr.idicltoii.    fl"* 
Noebl,  whose  rcnnllH  are  rt']Miru-(l  by  IVbring,'  found  nn  exixk^uK"^ 
Mvcnil  hours  necotmry  for  the  killinf;;  of  anthrax  s])omi  by  O.IO  l*^ 
cent,,  and  Ilebriug  himself  found  that,  with  this  stn-nntb,  iw  .ict_ 
was  olK>er\-ablc  until  10  hours  luol  cIuivchI,  ami  that  w>m|ilfte  »leril> 
tton  wan  effected  in  24  hours.     'With  tbe  assistance  of  Mdphtiric  n 
in  the  proimrtion  of  if  [wrtii  by   wiii^hi  to   I  of  .suijlitniXe,  the  s^^ 
strength  killed  tti«  xfxtrra  in  6  hours.     Other  niotolUc  salts  in  scAnti 
'  ZriMrlirift  tiit  HyK«■ll»^  IX..  ji.  89& 
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pive  I«u*  evidtfocc  of  at^fivity,  i\w  only  one  wliicli  crmid  lx>  corii|uirMl 
in  efficiency  with  fitiblimate  being  Dilratc  of  silver,  b  salt  whit-h,  hy 
rw.-><>ii  of  its  [irohibitlvc  ctK't,  mii  Imiilly  lind  a  plat.-!'  in  tbi.-  jist  uf 
practical  dbiiifcctuntK 

Klein '  found  that,  when  inf-ti^Ht  in  nntrii-iit  gelatin  in  tbo  |ini[)i)i-ti<>n 
of  1  in  10,000,  cjorroi'ivf  finliliiiiatc  i\w*  nol  iilwnyi^  prevent  anthrax 
Hljon-i  from  germinating;  but  fvon  when  it  tiiiU,  it  has  u  cirtiiiii 
ret  mi  t)  ill);  inlbience  and  cuuhch  h  dinilnntioii  of  infu'tivity.  He  found 
tliat  anthras  bacilli  are  killed  by  1  in  2,000;  that  their  growth  in 
inbibiird,  ii.'i  u  ruk",  by  1  in  ;{,n()t)  or  4,000;  and  tliut  in  »uliitioit  of 
1  in  -1,000  they  (jrow  with  mollified  infw-tivity. 

The  widely  different  eonclnsii)ns  com^erning  the  action  of  weak  scihi- 
tionji  of  wirrosivo  Miblinmte  on  antiinix  s|»ori'.-i  and  otht-r  highly  ivsij-t- 
ant  organi.4ni-i  are  explained  by  differences  in  nutrient  media,  in  teohnie, 
and  in  virnlontic;  and  wliile  it  lias  \vv\\  i-stjiblishi-d  that  tbo  earlier 
opinions  were  far  too  favorable,  it  ha^  repaitedly  been  proved  that  in 
j^crniit-idul  action  it  stands  fiir  in  advamv  of  all  iitber  mi-tallit^  eoin- 
poundrt.  But  it  should  be  ntiderstood  that,  uniler  eijiiditioiiB  which 
oiitain  in  pmetirc,  the  Siiini)  resu!t>i  as  are  obtained  in  laboratory  expcri- 
nient>i,  made  with  brath  euituns  and  siKimv*  drieil  Oti  silk  threads,  are 
not  always  to  lje  cxpeot^l.  In  the  treatment  of  tiilwrcnlons  s))iiinia, 
for  example,  the  inneniio>l  Iwitilli  urv  pnjtwt«l  from  cwntaet  with  the 
disinfectjint  by  the  coagulum  which  forma  on  the  surface  of  eaeli  wjmi- 
nitema»K.  Again,  in  the  trcntmenl  of  other  oi;pinie  innller,  the  [mim- 
flibility  of  pn'eipitatitm  as  albuminate  or  sulphide  or  other  insoluble 
c<im[Kinnd  wf  nierenry  shimlil  be  kept  in  iiiiud. 

Precipitation  as  albuminate  may  l>e  prevente<l  by  the  addition  of 
about  O  jnirtH  of  salplniric,  hydrocidorie,  or  lartarie  add,  or  of  10  parts 
of  common  ssilt,  for  each  ]>art  of  sublimate  in  l,O00,  but  eonversion  to 
sul]ihid(-  e;innoi  in-  pn'venriil,  if  the  conditions  ni'CfLHsary  for  iu  forma- 
tion arc  present.  The  albumitiate  lias  ptiwerful  gennicidal  pro[»crfie«, 
but  the  sulphide  is  praoti«illy  inert.  In  the  disinfeetjon  of  fasoes, 
for  whiijli  purjKise  imrrosive  ifublimate  i«  nnich  used,  it  Is  evident 
that,  with  the  usual  strength  of  solution  employed,  the  whole  of  the  salt 
nni>l  I'li-fpienllv  lie  prccipiliitiil  in  "rii-  firm  or  imolhcr  very  «irlv  in 
the  prfn'c-it-.  In  surgicEil  practice,  it  has  the  disadvantage  of  affecting 
instruments  injuriously,  and  in  tiousi-hold  disintiTlion,  its  corrosive 
itclion  <iu  plumbing  must  Ije  eons^idercd  as  somewhat  in  the  light  of  s 
bar.  Because  of  it«  many  drawbacks,  its  usi-,  excepting  for  sterilizing 
iht-  liiiiids  and  other  jiiirls  »i  the  person,  walls,  tln'Tf,  and  ollii-r  wihkI- 
work.  is  uiit  to  bo  recommended.  The  usual  working  strength  is  1  in 
1,0(10. 

Other  silts  of  mercury',  the  potasfiin-mercnric  iixlide,  the  cyanide,  and 
the  sulpbo-carlmlnt*',  fur  exninple,  |>os.icits  great  p'rinit^iilal  poiver,  but 
iTi  this  ri'Spect  they  are  not  superior  to  the  chloride.  A  preparation 
of  the  wdpho-carbulate,  known  tis  "  Asti-rol,"  containing  17i>er«-nt. 

'  Siipplenieni,  Hflecntii  Anniul  Reiiiit  of  Ilia  Medical  UfBccr  to  Uie  IjotaX  tiovcm- 
menl  Bonn),  ltf85,  p.  15e. 
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of  ttieiTuric  oxitk',  »  said  by  Steininann '  to  1om>  none  of  il*  (Iwiiiftftaiil 
prnperty  in  albuminous  nittliii,  tw  cxt-rt  a    ilcq>iy   pcDCtraliD^  actioi 
anil    ttot   to    injiiix'   inf^ruments.     It  eliould  Lie  uaed  iu  4  tiiuns 
amount  of  corrosive  subliniato. 


Mineral  Acids. 

Tlie  mineral  a«da  pa*ite,i-.,  jji  ditlV-n^'nt.  clc^jrot*  of  dilution,  vamn^ 
•liwiiftrtant  powir  a^^iusl  all  spccicw  of  iMicioria.  In  any  efiociive 
workinj:  birfnjjih,  tlji'V  oorriKli-  ilu-  oiiiiitnon  nifiuLi  iind  dwtniy  tht; 
^^'ll^ik■  !itrfiij^lli  nf  sill  kinib  of  fnhriBs. 

The  bactericidal  effect  of  gastric  jnioe  on  the  ImetiTui  of  clmlera,  dii*- 
covered  by  Kocli,  wiis  a^rrilx-d  hy  him  to  the  eoiitatnt'd  liydroolilorie 
acid  ;  and  GSi»crinientinf;  with  l»onillon  onUtin-s  of  liiif.  oi^ntFini,  Kita- 
Nlto*  fiiiowi-il  tiiiit  0.1;{2  |M.T  wnl.  of  hydroclilorifor  0.049  of  iliiiljiiiiiric 
acid  prcKlucfd  sterility  ivithin  a  few  lioHrs,  Tliis  reeult,  so  far  ae  it 
C4>iiwnM  Aiilpliuriv  aoid,  wan  confirm<.il  by  Stutner,*  who  fiKind  tliut 
O.O'i  |>er  cent,  killcil  in  lo  miuute«  the  organisnifi  itiispended  tu  dis- 
titlcii  wnlcr. 

The  ex|>eriim'nt»  of  IJ'icr'  isliowcil  thiit  tlic  Imcilln^  of  typlmid  fever 
ill  iHinilloi)  niUurc-fl  ^vos  deBtroyt^i  in  2  hours  by  0.07  per  cent,  of  Ijy- 
drochloric  aciil,  and  in  ilie  miinc  tiuio  by  0.13  [wr  wnl.  of  ;<iilpliiiriv 
acid.  The  eliolera  or^ni^m  wan  killed  by  smaller  amounts,  0.02  ])er 
oi-nt.  of  mch,  within  the  mine  time ;  ihe  biu-illi  ^^f  uiiilini.v  wen-  but 
Bli^rbtiy  nioiv  rQai^lant  than  lite  eholera  germ  ;  and  those  of  dipiitheria 
succumbcti  to  the  same  unioiiut^  bj*  weiv  tiind  lo  Uiose  of  lyplmid 
fever.  Ivanoff*  determined  tlie  amount  of  sulphuric  acid  necixisarj' 
to  eterilin;  iowiip.-.  Tiuit  of  I'ot.-uhini,  three  time:*  tu  fiiul  a.'<  that 
of  Ik^rlin  and  slightly  alkaline  in  reaction,  inipre^ruated  with  cholera 
fjLTiiv*,  wn*  ili.'iinfi-cii'd  hy  O.OS  |K-r  ix-nt,  in  l.**  niinuIe.H.  A  proprietary 
prepiiration,  containing  0.70  per  cent,  of  sulphuric  ut^^d  and  notliin^; 
elw,  tinted  hy  the  author,  cttorilixcd  one  of  two  bouillon  cultures  of 
typhoid  hueSlli  and  one  of  two  h'phoid  dycetn  in  2  hoiin*,  but.  had 
DO  effci^l  whatever  on  diphthcrllie  uiembraue  and  tubert^ulous  i;piituni. 


Organic  Substances. 

Oarbolic  acid,  phenol,  phenic  acid,  obtained  cliiefly  from  oral,  is 
n  Mibsltinci'  of  varii-in);  defcrve^  of  purity  ami  ilisiiifK-iiint  j)i)wer.  The 
highest,  grade  i»  [micticdlly  pun-  phaiol,  hut  the  commoner  qualities 
coiidiin  v.oriahle  amount*  of  crcsolc,  xylol,  mid  oilier  higher  homo- 
1opu<9,  nil  of  which  have  marked  baelericifbl  properties,  and  liir  oil* 
whi4-b  have  none.     In  the  opinion  of  many  aiithnritieii,  the  crude  acid 

"  BiTlititfr  Wieieclie  WocliPiurhriA.  iUreh  13.  IWft 

■  KHurhriA  (tiT  HTzirfi<r.  Ul-.  16^  p.  -VH. 

•IHiiiw..,  XIV.,  IflM.  !>.»-  •  Ihidem,  IX.,  18«,  p.  47Sl 

tltmlem,  XV.,  l»!/:i,|>.8& 
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IB  superior  to  tin;  hiphtwl  jfr:»ii<'s  in  ilisinrectiiig  power  by  reaMin  of  the 
prcM'iit'c  of  tin-  ortwi>b. 

Prior  to  Kooh's  work  on  di^iiifi'f^tttntri  in  1881,  rarlwilic  acid  was 
iH'lii'Vi-d  jrciifiiilK'  to  K'  unc  of  tW  miwt  iMiwcrfuI  of  f{i'rinii'iili--»,  a  ln-lii'f 
wliicb  was  due  doiibtlc«s,  iu  piirt  at  least,  to  its  pfculljir  aiitl  puwiT- 
ful  oilor.  Kf>cli'a  i-x[H-rim<-iit--*  witli  iinlhnix  .timrp.-  It-d  him  t"i  tho 
(•Udell  IS  ion  tliat,  evvn  in  o  por  cent,  solntion,  it  was  an  incflioicnl  iifi^vnt 
against  highly  rt*istaiit  orgjinwm.'i.  Then  follnweil  a  iiumU-r  of"  in- 
vest igii  I  ion:*  by  oiIhts,  wimsi-  (i>n<.'I unions  wcrt'  bv  no  luwnis  in  iifirn-- 
uunit.  It  was  found  bv  some  to  txra  very  efficient  general  disinfectant, 
by  oIIh-i'm  til  Im-  vi-ri,-  nrirt-liubli',  imd  by  still  ntbirrs  to  Im'.  wull  nuitt^l  to 
sonu-  lines  of  work  and  not  to  others.  It  was  coneeded  veiy  p.'iieially 
that  in  ccrttiin  n--->)M-i-l ■*  its  ii.ti-  Iiil->  many  advanltij^H  over  that  of  cor- 
nwive  snbliniati?  and  ol her  metallic  salts  :  that  it  is  not  dtwiroycd  or 
precipitatiil  by  i-oiitiii-t  with  nibimiin,  acids,  salts,  and  other  eom- 
pniirulH  ;  itnd  that,  even  in  weak  dilution,  it  dtwlroys  muny  of  iho  com- 
mon pathogenic  oi^nUmrt  vt-iy  (juickly. 

Itchring,  Sternberg,  and  utbcrs  foiinil  it  crtVx'tivc  agtiiu>t  the  luicilli  of  J 
typboiJ  fever  and  cholera  in  1  per  cotit.   solution,  but  opjxisilo  conclu-J 
sions  have  bwn  n'|torI<il  :l*  to  its  .•iclion  apiiii-'t  the  former,  which  oi-j^n-l 
wn  is  said  to  flourish  in  mixed  cidtures  in  tlie  presence  of  cvcu  lus  much  ' 
as  .i  per  cent.,  the  accom|uinyiiig  .■.|M>ei<w  Ix-ing  dcfitntycd.     Accordinjf 
to  VinirLTit,'  tile   colon    Uicillus  rs   killed  only  by  jiobilion.*  containing 
at  k'it,»t  y  per  cent.     For  the  disinfection  of  tnlwreulous  spiitnm,  fSchill 
nnd  Fiwiicr'  foumi  it.  to  be  reliable  in  -"i  |K^r  cent,   isotntion  within   24 
Iioiir^,     An   c.v(>i?ri»ieiit   by   tin-  author  and   Dr.   R,   M,   Pearce,'  iu 
whii'h  this  miitcrial    wiis  Innti.tl   witli    17   dillercnt  prc]iar:itiiin!*,  pro- 
prietary and   otherwise,  including  a  i»   per  cent,  solution  of  carbolic 
acid,  wa*  .■"iieee.tsfnl    willi    tiii»  iigi-nt  uiid    t   iitluTH  iitler  a    2   hotirV 
(;x|nwnic.      With  typhoid  stools,  diphtheritic  nicnibratic,  and  Ijouillon 
cultures  of  the  lyphnid  organi.tm,  disiiif(H>tion  wiis  not  aecomplislutl. 
I'Hi-linann '  has  rcportcil  tint,  while  the  o  per  cent,  solution  did  not 
destroy  the  typhoid  organism  in  an  hour,  slei^lizatioii  waa  ooniplcte 
after  '2\  hours'  cxiMwiirc, 

It»  disinicel;int  power  aj>(>eaiN  to  Iw  increased  by  heat  and  by  the 
pre.-enec  of  miu<-ml  acidw  and  iiimnion  »dt,  Tlmi',  Hcidcr*  found 
that,  while  sit  onllnary  room  temperature  a  o  per  cent,  solution  was 
ineffi-etivc  against  anthrax  sporft*  muW  -Ifi  <lnys,  iit  ."I'l"  C  it  was  siie- 
ivssful  in  2  hours,  and  at  "o"  C.  in  3  minutes.  The  intliicncc  of  its 
assrK'iatinn  with  common  .-ialt,  which  aloiu-  in  ordinary'  amounts  baa 
but  slijrht  iHielcricidal  power,  is  attested  by  Schciirlcii,  Itcekintinii, 
Riirner,  and  others, 

Seheurh-u*  denionstnitcd  that,  while  t  ]>it  cent,  solutions  bad  im 
efftH^t  iigiiiust  pus  cH-ei  during  'i   minutes'  exposure,  the  addition  of 

J  .\imnlw  (Ip  rliisiitut  I'lmtvur,  IX.  IS9\  p.  '2S. 
'  MilthcilnnflC""  —  ^ —  i--i-.— ii-ix^_  ■■■.^ — 31 — :. 

*  l.ViHnilbbiU  Tiir  HukUni'loEit--.  I.V,  ItlH,  |>.  til. 

*  Arcbiv  fur  cxpt-rimcnlntc  I'olliolo)pr,  t>ii-..  XXXVII.,  1S90,  p.  74. 


'  MiltWilimBcn  iuk  Avm  kniscrlji'lu'n  (JmniiHhniunmlp,  H.,  18-S-l,  p.  145. 

Di'iilK'W  iimliriiiiwlH-  Wi«-l»-nwhrifl,  XVI.,  1890,  p-Vl. 
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coniiiion  mU  in  «>n»i<lcnil>1c  iititounls  brought  about  sterility  in  I 
minute,  niui  tbat  the  «ime  ajjent  cuhancMl  its  artirui  materinlly  n^intit 
anlhrnx  .'{ii in'.-i.  IVrkniaiin  '  >liiiw(.-<l  Uinl,  filliRiii^li  -i  |xt  ix'iit.  vi'  suit 
inei'ui^cil  llie  ^iivral  tlUitifcvtant  puwer  of  a  1  ]Kr  cent,  fiolution  ver^ 
wins  idem  biy,  no  im-nMsc  in  iln  p')\v(-T  njrainsi  aiithmx  sjion-^  vra« 
obwrviiHv  until  24  [kt  tint,  liml  btcn  ndik-il ;  bnl  in  this  ainoniit,  talt 
itself  lia&  coa«i<lcrablf  j»ower,  amJ  it  woulii  M*m  rtiisoiiubli-Ioattribiiu- 
the  (•Ill'L'i  1)1'  ibi-  niixtiin-  very  Inrgi-ly,  it'  nut  whully,  to  it.  Riiiuer  ' 
also  provw]  the  aume  thing  with  respect  to  tlie  aclion  of  a  stronger 
^utinn  {:i  per  oi'iit.),  whicli,  with  the  additinn  of  8  |ht  vent,  of  :<ult, 
wti*  mnvh  more  clVwrtive  aguinst  the  wirae  organism. 

Similarly,  it  ban  Ui-»  -ihuwii  by  Fi-iiiiki-l  uikI  IjijiI.iix-  tbiit  the  |>ro!<- 
eno-  of  Mimll  unioimt^  of  tltc  mineral  addr^  i;^  very  helpful,  but  it  i>  tu 
be  btinie  in  toind  that  the  latter,  unafwiMed,  are  by  no  i»eiin.i  witl>niit  a 
vtTV  iviiiMilcnibli'  ilt'irrtf  of  gcrrnici'hil  power.  Both  authorities,  how- 
ever, have  jtroved  llmt  mixtures  of  carlxilif  and  mineral  aeids  are  niorc 
bauteriuiiLil  liiiin  citbi'r  ingnilii'nt  in  thr  |>ro))cirlionH  nM-<],  and  I.H>th, 
and  Niichi  ais  well,  have  demom-trated  ali^  the  suiH-rionty  of  mixtures 
c^  tile  crude  acid  with  mineral  at-idA  over  oombinatiou»  of  the  |Hini 
phenol  with  mineral  Hci<h^  in  the  same  proportions.  Atwordiiig  to 
Epf'teiu,^  carbolic  acid  iu  alo')holic  solution  is  more  powerful  in  the 
pjuni-  amount  tliaii  in  iiipxiius  Milnttcm,  whirh  findini;  is  endorMtl  bv 
Minervini,'  On  the  other  hand,  in  aohition  iu  oil,  acctirding  to  liocb, 
it  lo»t«  it«  giTiiiifidal  property  eompleloly. 

On  nil  tho  evidence  prewntetl,  the  eonelnslon  must  be  drawn  that 
embolic  acid,  while  elKi-livc  in  weak  and  ^atnnilt^^l  a<incon!«  !>oluti<iii 
again.H(  many  of  the  [Kithogenic  bacteria,  is  not  .nuited  to  the  pnrjxiseH 
of  practiud  gcncnd  di^inlVflion.  When  iijn*!,  it  if  1jc?i  to  employ  llio 
stronger  rather  than  the  ddnte  solutions.  The  pure  acid  is  soluble  in 
■bout  1 1  gvirt.i  of  iVHlcr,  but  llie  eoniuieretally  piin>  article  i»  soluble  in 
'abonl  2*J  l>artf,  giving  about  o  )kt  cent,  i^treii^rth. 

The  siwalhil  earbolie  jHnvder^  are,  as  a  rule,  inert  mixtures  of  min- 
eral matter  and  waste  jmHlitet^  of  t-oul-tur  divtillaliou.  Their  »trui^ 
odor  appeals  to  tlie  intagination  nod  promotes  their  sale. 

The  cresols,  me|.i-cresid,  ortho-<Ti?<ol,  and  pHra-cfiMtl,  which  iicrnr 
as  impurities  of  carbolic  acid,  and,  according  tu  mnny  authorities,  are 
nion-  iMwcrfui  m*  gerniicid<»  and  lc>--<  |)oI'Wihius  to  higher  or^'ani.-ms, 
are  constituent'^  of  a  large  nundier  of  pregnrations  which,  within 
ppewit  years,  have  come  into  exleiwive  use.  The  crewJs  are  closely 
pelnte*]  to  plHMioI.  from  which  they  differ  in  Ihui  (^"H,  repliMX?  one  H 
in  the  benxol  ring-  iiD'l  aceordin;;  to  the  position  of  Vll^  we  Itave 
mHa-ere»ol,  orllio-enrMil,  or  |iani-eri'M>l.  The  hitter  may  lie  nuule 
e>'ntlietically  from  ptirr  giara-tnluidin.  Crcsols  are  pnictiiuUy  iu^d- 
iibli!  in  wat^T,  Imt  twhilion  i.s  brought  alimit  by  saayis  and  by  cresol 
iaits, 

•  CenlnlliWr  nir  IhkterioloKic,  1890.  Nik  IfionH  IT. 

'  Zritw-jmft  fiiF  Ilisiciii.-  mill  liirvi'lMuokninklirhen.  XXIV.,  1^7,  p.  L  ^| 

«  Ibiiloni,  XXIX.,'1^W,  p.  117.  ■ 
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|ji|)liice '  was  the  first  to  draw  nttvntion  to  tlie  (w-X  tlint  Rni<li*  car- 
bolic; acid  and  stniii^  eulpliiiric  mrld,  laixnl  together,  form  a  ciiiu|kjiiik1 
Hnliil>l<-  in  wattfr  and  of  high  (lisiiifertant  [wwer,  Hp  i*porl«l  chat 
the  iiiixtnri'  in  -1  jkt  wnl.  ^.ohilion  dcstnivc*!  iinlhnix  sporei"  within  2-1 
hours,  while  pure  carbolic  acid  in  '1  per  ct-nt.  dilution  had  no  effect 
whnt/.'VtT,  Thi;  fiMi  fstcnsivc  sliidv  of  tlir  ucliitn  of  i-n-.tiil  wh.-<  made 
bv  Pninkel,"  who  showed  that  the  niixture  of  stdphtiric  acid  and 
onidf  (.TtwoU  i^  not  iif  the  natiiiv  of  u  new  ^^mjtound,  hut  that  each 
in^'^ipnt  exists  by  itself  and  exert!*  its  own  action,  and  that  the  acid 
ki>ep)i  the  crmiiU  iu  solution.  Ilainnior'  invewtigated  the  pr(i|»ertiea 
of  crcsol*  disftolved  tn  fixlium  nictii-i'Rwiliniitc;  hcit.-,  ulwi,  no  double 
compound  is  formed,  the  salt  acting  merely  as  a  solvent.  Sodium 
»iiiIicyl«U'  acts  eqnally  well  u»  a  !<i>lv<'nl.  Tin;  \'arioii.'<  prt:r|taraTion>t 
containing  cresuls  and  soK-ents  of  the  same  are  recommendctl  highly  na 
8uliHtitnt<^'<  for  plR'noI,  on  thi-  gnmud  of  higlu-r  hiiotcrioiJal  p*(wer, 
lower  toxicity,  and  of  being  lees  irritating  iu  cnrgiral  work.  They 
may  Ih-  dihitt<<l  at  will  with  wat«r,  8ora«  fonning  milky  cruubionA,  some 
clear  i<()hition«.  i 

To  determine  the  toxic  pro|»enia>*  of  the  oreflola,  Seybold  '  instituted] 
a  sf-rios  of  c-xjM.'nmcntjt  with  guinea-pigs,  lut"  which  2  \>vt  cent,  nolutiontt 
of  the  individual  eresola  were  injeettHi  sulx:utaueonsly.  The  most 
[xtisiinou.''  was  found  to  Iw  paiiii-rcMiil,  and  the  lKi--<t  so  proved  to  Iw 
meta-cre«oI,  which  is  also  much  lesn  |Kii»onous  than  phenol.  From  s 
study  of  the  comiMirativi-  di.-iinfKitaiit  action  of  the  sevenil  cresols  and 
of  several  other  pre|ta  rat  ions,  including  tri-eresol  (preparwl  synthetically 
from  tjilucno)  atul  phenol,  he  cniuUiulc<]  that  of  the  three  isomerst, 
metsi-cresol  is  the  most  powerful,  and  that  the  cnwol*  arc  all  superior 
to  phenol.  Tri-ci-esol,  which  is  W  per  ecnt.  meta-,  -'l."*  per  cent,  ortho-, 
and  i-")  [HT  (vnt.  |Nirn-cntwol,  proved  to  have  double  Uic  bactericidal 
power  of  phenol  against  Ji.  jiifociiaiwiif,  H.  jivotiigiomm,  and  Staphi/lo- 
aoceiix  /lyiii/i'ii/'K  itiirriut.  .\ not  her  piT'jMtnition  of  crc^ol,  nu«lc  bv  anolbcr 
manufacturer  and  examined  by  Sehiirnmyer,'  also  proved  to  be  fiir 
sn|H>rior  lo  phenol  and  to  a  nnuiU-r  of  the  mon;  conunnnly  known 
cre:«oI  c()ni|)ountls.  X  prf)prietan'  preparation  of  cresolx,  exanuntxl  by 
the  author,' sti'riliziHl  in  •'i  jx-r  cent,  ililulion  in  2  hours,  cultuns  of 
li.  tiii>li*tmi«,  typhoid  iltyccfa,  diphtheritic  membrane,  aud  tuWrcidoua 
Bpulum. 

Among  the  more  commonly  used  erwo!  prcpnnitions  may  Ijo  men- 
tioned the  following: 

CreoUn. — This  Sa  a  diirk-brown,  thick,  alkaluie  liquid,  wliiih  con- 
tuiiH  about  10  per  cent,  of  crewls,  hehl  iu  solution  by  soap,  and  n 
small  amount  of  )ihenol.  Mixed  with  water,  it  forms  a  turbid,  wliidsh 
emulsion.     Ae(^)rding  (o   Huncmiau,'   it   if  infcricu-  to  atrbolic  ucid 

'  Ih"ut"rhc-  m"liriiiii>rhe  Wwtienw-linrt,  11*87,  Nu.  40, 

•  74e\\.v\ir\h  fiir  Ilv^'iL-iir.  VI.,  ISW,  p.  521. 

'  Archiv  fiir  Hvi,-i™e,  XII.,  1891.  p.  ;i.W;  XIV.,  1802.11.  llfi. 

'  ZniiM-lii'lIt  mi  Hyiflrm-iiii'1  birirliim-kmnkliifiu-ii,  XXIX    ]A!)9.  p.  .tTT. 

*  Archil-  r»r  llv^rivni',  X.XV.,  IN'."!,  p.  :JJS,  •  Loco  duuoL 
'  CcntnilbUu  fiir  Baklrriologjr,  V.,  I8,*9,  p.  l!.». 
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against  anthrax  hnt-illi  and  ]hi.-*  wn-vi,  luit  \'»n  I^^riucngcm '  Jbuiid  it 
v«iy  fft'wtivc  in  ■>  per  wiit.  i>^liit!oii  agaiiii^t  pHfl  coeoi  aucl  the  gvniis 
of  ty|)hoi«I  fever  and  chulcra ;  ami  I^tAcr*  linind  tluil  in  the  same 
strcnpili  it  di."inf(H'i.»  ilijii-ui  iiuii[»lctcly.  Othci-s  have  obtainwl  even 
nmrc  tUvonihie  re^iultii,  and  the  weight  of  fvi<leu(?)^  ttt  to  the  cfl'ect  that 
it  is  decidwily  i^ti[)f.ritir  to  |ih('nol, 

hsia\  i»  n  Iiniwii  oily  liquid  containing  alwnt  50  per  cent,  of  crcsol« 
with  neiili-al  {xiUiMb  S(W[),  miwilili-  with  water  in  all  prupwrtions,  form- 
ing a  wxijiy,  fnilhin^  li(|nid.  and  with  jilcohi-l  and  glycerin.  Gruber* 
found  a  2  per  cent.  soUuioii  nuirc  etfW-tivi-  jifj^iuKl  piis  cooci  than  u  3 
per  cent,  luilutioti  of  phenul.  Bnttersick's  *  exiwriments  IhI  to  the 
Niine  wnclusitin,  and  dcmoniit rated  al§o  its  i^uiiuhility  for  the  tnntniciit 
of  ppntuni.  Vincenl  *  found  it  |u  W  a  vulualile  agent  for  the  disinfec- 
lioii  of  fu'cei'  anil  vault  contents.  In  O.o  per  et^nt,  slrentjlti  ii  destrovwi 
B.  iypho»uK  in  l.'»  niiiinle.t,  and  in  O.,*}')  \kt  <-ent.,  B.  vholf-rir  in  7  qiid- 
utni.  It--f  a<:tiou  ap|K«r«  in  be  continuous.  It  la  much  UBed  m  sur- 
gical practice niih  excellent  ratults. 

BacUlol  i^  a  pniilnet  of  the  distUliition  of  tar,  aud  contains  d'i  per 
cent,  of  creHoU,  It  has  no  odor,  is  ven."  elieap,  and  in  2  pi-r  eenL  dilu- 
tion is  verT  effiejonl. 

I^vofoim  i«  a  cresol-formaldehyde  prei>aralion,  -lolublc  in  water.  It 
han  great  de<xloi:»i>t  [Miwcr,  but  \*  rallicr  tinitiilivluetorv  a^  u  geiruieide. 
It  is  al)u»  expensive. 

Saprol. — ThU  U  a  li<{uid  eontaiuin^  20  |N-r  cent,  nf  mincriil  oil  iind 
80  per  cent,  of  crude  carboUe  acid.  It  is  lighter  than  water,  and  wlicn 
tliruwn  into  it  difr(i«iM  nver  tiic  surfaw  in  a  thin  layer,  vrhieh  gnuhmlly 
yields  its  active  ingredients  to  the  strata  bi'low.  which,  in  the  eiHirse 
of  a  day,  iHiimie  imprc^'gnnlHl  to  tjji-  extfiil  of  iibout  0.34  \x-\'  <vi)t. 
In  this  strength,  according  t<i  Sc-heurkn.''  it  destroys  cholera  bacteria 
ill  1  hour.  For  die  tlUinti^tiuu  of  privy  vaults,  Keller'  th-l«Tiiiii»-d 
that  it  must  be  aildi-d  to  the  extent  of  1  per  ceut,  of  the  entire  eontentv. 
In  mistime  eontiiining  o  per  cent,,  th<'  same  observer  tthnwed  ll>at  the 
tvplioii)  lever  iiaeillii^  i>  ileslroyed  within  a  few  minuter.  I'fitid  * 
found  it  to  be  niueli  superior  a~-<  a  general  di-infectant  and  deodorant 
to  ciarl>o)ie  acid,  Ixit  not  »uiUtl  lu  lln^  tixntmenl  of  \imll  tiinleni?. 
Lflfier.*  however,  found  that  I  per  cent,  will  disinfect  fieces  and  uriue  ; 
HDtl  Selieurlen  •*  rejiorirti  thai  for  tin-  dl-infi-elioa  of  vault  <»ntenls,  but 
two  otiier  agents  an-  c<>m[inniblc  with  it,  mmR-ly,  milk  of  linic  and 
enate   rarlHilic  acid. 

SoItmI  is  a  ooncenlnitcd  aqtu-uus  solution  of  ert^iola  witli  tHMltiini 
cnMOtittate,  containing  more  than  25  per  cent,  of  cresols.     It  ts  highly 

■  CVRlnrtilntl  rtir  Ekktrriolngic,  VIU  ISW,  o.  75.. 

•  Ibhiriu.  XH.,  189S,  ^v  2.-*2.  •  IhiArm,  XT..  1802,  p.  117. 
I              '  Arbi-itcD  ain  ikon  kniBrKidirTi  ni>nin())i<.-il'umli.-,  VIII^  WO/i,  p.  3oB. 

•  .Vnnain  <tc  rinMitui  I^uktiit.  IX..  1 W).  p.  :». 

•  Anliif  fflr  nri[iMio,  XVIH.,  1M":1,  p.  3fi. 
'  ItnJi-iu.  XVllL  tMfl.  |>.  :•-. 
'  Trittehtin  fur  IlvKi^c  unit  Infi<ctiuii>knnklieiti>D,  XV.,  1893^  p>  19& 

•  rVntn1bU»  filr  lUkUriol'^ic.  XII..  1SS2,  p.  tii. 
L            '•  AitliiT  fur  HygiMii-.  Xl.X.  IMIM.  p.  3-17. 
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recommended  for  use  in  i>iir}!iiL»l  pinc-tui^',  bciiig  iinirritating  nnd  much 
lt»»  U>x\r  than  <!iirb<>lio  acid.  According  to  Hanmier,'  it  in  more 
jiiiH'crfiil  in  2  jht  cent,  solntinri  timii  crt-olin,  lywil,  iiikI  «irbolip  at-iil 
iii  "i.-'i  |>er  emit,  slitngth.  Ilaninicrl '  also  found  it  superior  to  (•arbi)lic 
ai-iii  :)i"i  tlif  iitliiT  i'ri->iil  {iiviMmiliiiiiN. 

Solntol  U  a  solution  of  nbout  (!<■  [x-r  ct-nU  of  cresols  in  Hidiiim  crE«o1. 
Aci'iirding  lo  Hm-jijie,*  it  ii«  far  snjmrior  to  cnfnlin,  lywil,  miIvi-oI,  and 
plienol.  in  whici]  i''>nclui<ion  hv  apRtw  witli  BiitU'rsiclt.*  Hiinimer* 
al.^o  and  othcn*  Imve  found  it  to  1h-  well  suited  U>  tin-  pi ir|i<i ;.(■,*  of 
fTciicnil   liijiinftTtion. 

Alcohol. — Oi-ditiaiT  alcohol  ifl  employed  extensively  an  a  jireserva- 
tive  of  Drpinic  ninterial  in  frrcat  varitly,  ami  honce  lias  eoniv  to  be  r^ 
jpirdwl  as  a  [yowprful  dUlnfectunt  as  well  as  iiiitirH'ptic.  Koch's  ex- 
jH-rinjcnN  riliowiil  tliiit  iillhoiigli  tlic  jrrtiwth  of  nnrlu-ax  liranlii  Vfua', 
inhilHt'tl  liy  1  [RT  cent.,  and  wholly  "topix-cl  hy  8  per  cent.,  the  spores  1 
weiv  unail'fcU-il  hy  iimrly  4  mouihn'  cjtfMWure  to  ahsohUi:  alcohol,  er[unl 
piirts  of  the  nanw  uikI  water,  nnd  mixtures  of  1  |>iirt  of  ulcotiol  and  2 
jiartH  of  water,  Stenihcr^  and  others  have  idiowu  tlint  against  some 
iiiinijt  oflMictcnK  it  is  iiicfliciVrit  a.*  a  gcrmicidt-  in  luiy  degree  of  cwn- 
centnition,  and  that  in  ditieront  -itrenjrlhH  it  affects  other  t'unns  to  dlf- 
fcri'iil  i.'xti'ut;^.  Epst'.'Iii'i^"  exjKrInienU  l<'d  iiiiu  to  tlic  eoiichiHioti  that 
absolnle  aler)hol  is  devoid  of  germiculal  prrjjiertjes,  and  that,  diluted 
with  water  lo  50  jx-r  tvM.  Mtrenglh,  it  exrrU  more  iiclicm  than  at  iiiiy 
other  strength.  Cousidcrahly  [Stronger  or  weaker  solutions  show  much 
diininl.ihiHt  piwr. 

Finnk's'  l)est  re-nlts  were  obtained  with  40  \)cr  cent,  alcohol,  which 
destroyed  anthrax  sjH>it'S  in  S  mtiinte!<.  Ho  found  the  V(i]»rtr  of  oO  to 
80  |K'r  wilt,  ulrohol  to  ]w  more  or  lenj*  ppttliietive  of  ivsultj;,  but  that 
of  !i(i  to  99  per  cent,  and  of  niixturt-s  ImsIow  4(1  [wr  c^-nt.  lo  Ik>  ijnlt« 
im  Hit  ■live.  \V,  vmi  Hriiiiii"  eatiie  t^i  iiniuticnliy  the  «inie  eonchisions, 
lis  did  also  Ahll'eld,'  whore  belief  it  ia  that  the  water  in  the  mixturo 
causes  the  enveloix^  of  the  biu'leria  to^wvll  and  |>i.Tiiiil.»  tlie  entnuice  of 
till-  :ih>ihol  into  the  uiten'tu-. 

Miuerviui'"  found  that,  at  ordiuiiry  lrni|MTiiturcn,  aleohol  and  its 
atpii'-ii.'  ililiitionn  are  ((owerle.v*  against  spore-lwarers,  even  with  long 
expirfore',  and  that,  againrt  tlie  sjwn'less  iMteteriu,  thtr  action  in  variable 
according  to  ihc  amount  of  wntcr  pri'weiit.  The  most  )w)werfnl  action 
wa-i  cxcrteii  hy  .'»(»  to  70  )>er  cent,  alcohol,  llejilol  nmh-r  pn'.>*-.iire  in 
an  autoclave,  the  jMjwcr  incrnisex  dinvtly  with  llie  [n-recutagi-  "f  water. 
Many  giTiiiicide."  whifh  are  effective  in  aqueous  solution.  ap|>ear  to 
lose  more  or  less  of  their  power  in  hIcoIioI.     Miiiei'vini  fuund  8  jut 

'  Areliiv  fiir  IlTKicuc  XIU  ISiU.  p.  Shtt.  '  ll.iilt^m,  XXI.,  lHfl4,  p.  198. 

*  Ik-rlinpr  kliniM'ha  Woclu-nilirin,  ISflS,  No.  21. 

'  .^rU'!ii>ii  HiiHilniu  IcatBtTliclirii  (twuntlln-iHimtu,  VIIL,  JS92,  p.  309. 

'  I^K'O  I'illllJl, 

'  i^-iiru'hriU  flir  llyitifiir  iiriii  liiti'('i[»ii>krjiiktipiu-ii.  XXIV.,  l(l»7,  p.  1, 
'  -Munclii'iUT  Hn^ifiiiiwhe  Wochi-iuKbriA,  ItfOl,  Ni>.  4,  p.  VM. 

•  TI.Hk-m,  IIIOI,  No.  T.  JK  aflo, 

'  HvicivniK-'tii--  Bund»di!iii,  IWH,  n.  III. 
■■  ZciUchrift  ntr  Ilyicwiut  uiiil  IiifK-[ioiu.kraiilEhdtai,  XXIX.,  169^  p.  117. 
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venX.  of  cnrbolu'  u('i<l  in  Mlniii};  iiIi-hIjoI  to  uri  witli  iiiHliminitihoti  ctiergT, 
bat  ol)««rvi?(l  dmt  c<>rrofiivc  t^ublimutc,  iiitrntc  of  silver,  ami  other 
llg«'iit-<  wi-rt-  iiioix-  (>i>WfTfiiI  :i.-*  tin-  j>cni.'iil«jri'  of  alcutKil  in  x\tc  >nliitiim 
()iniini«lir<1,  Acw>n;liiig  to  Ej>ftoiu,  mil  milv  «irbo'If  iioid,  but  al«) 
(■ormsivo  .'4i]l>]iiitai(-,  ly--«>l,  aiul  tlnnnnl  an-  mort-  [wwerful  in  60  per  ceul. 
alvottol  than  in  wnter,  but  other  ajitviit*  arv  wraiktT.  •*  1 

Iji-nti '  has  n'(M>Tti:-<l  tlcit  while  0.4  |(i>r  wiit.  of  corrosive  sublimate 
ill  iilviihiltr  iiloiilxil  li!ul  nil  vlTft-{  itii  aiithviix  :<{)iin'K  in  4)^  )K>iir>,  O.*] 
[KT  pi?iit,  in  !IS  [>ei'  wilt,  alwihol  dcstroywl  tlit-ni  in  Itilf  ihf  tirne.  Sim- 
ilar nstiill.-' wcrt^  iibUiiiKii  with  10  [mt  n'lit.  of  niHmlic  acid;  in  ahso- 
luto  alcohol,  it  wsm  powt^rlctv,  but  lii  30  per  cent,  alcohol,  it  killed  tbcm 
ill  IS  linnr-. 

Essential  OUt. — The  volatile  oils  Imvo  long  bccD  known  to  poMess 
a  «H»rliiiii  fk^'i'  of  aiilisf|>lio  |K>wi'r,  hut  hacteriolojjical  fxi>crimei!ta- 
lioii  lias  tailc«l  to  dcnuiiistnitc  thai  tbiy  arc  vory  active  a»  pTiiiiciilf*. 
Those  highest  iu  favor  are  the  oils  of  )M>ppcrniiiit,  eucalyptus,  and 
llii'iiH",  whii'h  (i.iiitniii,  n-^iM-t'livclv,  wrnlhitt,  mi-nhipUil,  and  thynuti. 
The  latter  \va^  in  Minicwhat  extensive  uw  in  Min^ii-al  practice  prior  l« 
1870.  It  is  iiiily  !«liglitly  sulnblc  in  alcnliol,  ctlor,  chloii>fonii,  ami 
fixed  and  volatile  oiU,  By  niany  it  lias  been  regarded  iia  *iij)i'nor  to 
phenol,  Sjiencer  Wells  niueh  pivferred  it  in  his  exteni^ive  experience 
in  ijviiriiitomy.  Act^onlinfj  to  Ik-lirinp,'  however,  it  w  only  alwHil  a 
fourili  as  powerful,  and  Sauter*  rauk><  it  even  below  salicj-lie  acid. 
JC'ifni/iffitiil  IK  pnu'titidiv  inrti)hili]e  in  water,  bill  ^ohible  in  alcohol  and 
other  solvent.'>.  (.'nneerning  this  agent,  too,  there  is  iniieh  divertiily  of 
opinion,  eome  regarding  it  a»  va*tiy  wiijH'rior  to  plicnol,  olhcnt  n*  niticb 
inferior.  Lister  prai^teU  it  highly,  Hebring  found  it  to  be  abowt  c<juul 
to  thymol.  Mnilhit  w  njwringly  miIuIiIc  in  waU'r,  but  frei-ly  in  al«>hol 
and  iither  solvents.  It  has  lieeu  highly  praij^nl  ai^  a  mii^iriI  auti^.-plici 
un<)  a»  fixH'ly  eriticiMnl.  Onielt.-chenko '  ranks  tlie  oil  of  pepperoiint 
above  that  of  eucalyptus,  but  below  that  of  tbvnic,  .Ml  thrm  are 
placed  hy  him  la-hnc  the  oils  of  eiunamon  and  cloves. 

Aside  fmin  the  i-nnflictiiig  cvitlciicc  n*  to  the  |niwcr  of  the  vari*>u.s 
volatile  oils,  their  cost  alone  would  be  sufficient  to  restrict  their  geu- 
eml  iiw  iw  di!«iiifeet«iit!*.  They  axv  einploywl  oin.sidembly  in  various 
n>nihiDaliotis  in  luoutb  n'O^ifac'^  iiod  in  a  itiimlwr  of  decidedly  c.v[Kii]five 
pn)prieliity  di-infts'tniils,  oik-  iit  KyL-«t  of  wliii-h,  Kuti-d  by  the  author, 
liai^  Ih^u  found  to  be  efticient  in  the  stcriliattion  of  tillicreiiliiu.-t  i>[aituin, 
one  of  (be  few  uses  tor  which  ils  maniifaietuivrs  nmke  no  claims. 

Soaps. — It  i^  well  known  tltat  onlinar)'  "iNip.*,  Imtb  luinl  and  Ktft, 
arc  jHiKseKsed  of  considerable  bat-terieidal  pi>wer,  investigated  first  by 
Kv>eh,  who  pntvci  liuit  imiIuhIi  «fip  in  the  [ir<i{H>rtion  of  I  to  .i,000 
had  a  di.-linei  iuhibitoiy  efl(«i  on  the  growth  of  anthrax  bacilli,  am)  in 
live  tiiiMM  tint  »trcri{rth  preveiilMl   it  nltngethn-.      This  action   was 

'  Annuli  dcirisltliilo  if  JiiiMit-  ■iMTJuiititlnlr'  della  raXa  UniTpnuH  di  Ronu,  III., 
1890,  p  .'.I* 

'  ZritM-hiifi  fiir  Iljnimc.  1,\..  ISW.  \t.  3!W. 

*  Ominilkliiii  Tiir  ppiniTiiiiii-  TiK-ripIe.  VI,,  p.  378l 

*  Onimlbktl  far  Uokk-rk.ltvKv  IX .  Il»l.  P-  ^13- 
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adiiiilted  by  Kiiisl,'  wbo,  however,  asserted  that  agaicutt  other  kinds  of 
liaek'rm,  /S.  ti/plfmiiM  fiip  (!xam|ili*,  it.  ivjl"  iiK'i't.  In  ISilO,  ISchritiHf' 
aftir  i-x|K'ri  men  ting  with  4U  different  Idmls  of  B(«p,  pr«iv«l  that  their 
disiiifW't.-iiit  jHtwer  wiis  (■nnHiiliTittilc,  iind  (;i  include  I  that  it  wa.4  dij^'n* 
dent  n]Min  their  iilkaliuity.  Kijch,  however,  lisid  demonstmteil  thai,  with 
t'ljiiiil  ili'jfi'i'i^  <if  ulkaliiiit}',  soft  Mjap  was  8  times  as  jiovvcrtid  an  pitash 
alone;  nnil  .Senifini*  hint  f>oinl(^vl  out  that  IIk-  fiw  iilkali  |ir(^^ent,  c-veu 
in  ciniTOntrnt*-)!  soap  solutions,  is  so  snuill  in  amount  that  it  can  exert 
no  dii'infectnnt  nction  wliatcvor,  and  that  ni-illier  llie  nlWiiH  nor  the 
fatly  ni'id,  hiii  the  enmliination  of  the  two,  in  the  effe<'live  nfp^nt. 

Nijlatid,' e\)K'ntni'[iliii^  with  a  poiikdi  MHijM-ontainin)^  47. 'J  jk^j*  eent, 
of  water  and  a  haitl  soap  eontainiu;^  1 4.0  ]>lt  tvnt.,  found  ttiat  the 
former  in  0.:i4  [x-r  cenl.  Hohitiim  killed  cholerii  bacteria  in  U)  miuults, 
and  the  latter  in  the  same  strength  wjw  iii>l  wholly  el!i-elive  in  15,  but 
in  <l.:in  |K'r  eiiii.  solution  dc-strovwi  them  within  1  minute.  The 
fhoh'm  orgiiniTn  wzi^s  uise<l  by  Jolle»*  tii  lifting  live  snap:*,  all  of  wliieh 
j.i'ovwl  to  l>e  inelh<tient.  IJy  10  i»e-r  cn^nt.  solutions,  the  Uicteria  were 
dei"troyiL-d  within  1  miniiH-;  by  t  ]kt  ci-nt.,  in  10  iniimio  ;  liy  2  jrt 
cent.,  ami  in  three  instances  by  1  |ter  cent.,  in  !tO  minutei^. 

In  a  lat^T  series  of  lcM-»  willi  typhoiil  tevi-r  liiii-illi,  .Ii)ll(>s*  lrie<l  an 
ahnost  neutml  soap,  containing  hut  0.041  per  ei'iit,  of  free  alkali,  nml 
with  I  [H-r  (rnt,,  !^torili»>d  n  houiltou  (lulturi!  within  12  hourti,  with  3 
per  cent,  within  'Z  hours,  iind  with  3  per  M>nt.  in  \'^  minuter.  He 
shownl  that  the  action  was  iniieh  influenced  by  tempt-nituro.  The 
aljove  result**  were  bn)Ught  about  at  teiiipenit tires  Wtween  4"  and  8^ 
('.,  but  at  1  R"  0.,  the  time  wbicli  elapsed  bt-fori'  eouipti-lo  stfriliaitioil 
wti»  aceompliahed  was  about  double.  This  rti^ult  is  not  in  aeeonianoe 
with  the  p>neral  rule  that  disinfeetanlfl  are  nioi-e  active  with  incrcasixl 
lorrijM'nitun',  He  obtainoil  pnii-tii-Jilly  the  jiama  results  with  other 
varieties  of  bacteria,  and  reportcil  that,  JMHyiuse  of  its  action  ou  ihe 
most  common  jiiithogentf;  forms,  soap  in  e^jv^'eially  valuable  and  adiipt- 
able  for  precisely  the  kind  of  work  in  which  it  is  the  tnort  natumt 
ageril ;  that  is,  iti  washing  dirty  and  inlivled  cliitliinp. 

Senilini,"  however,  is  of  the  opinion  that,  in  tiie  oi'dinaiy  washing  of 
clothes,  «mps  exert  but  little  iliriinfi-ctiou,  Wause  of  the  many  influ- 
ences, hanhie«<  of  the  wat^^r,  for  example,  which  clause  a  diminution 
of  their  (lower.  He  reoomniends  the  avoidance  «f  soft  soaps,  on 
aecoiujt  of  the  pn-.-ieiKv  of  all  of  the  impurilie.'<  nf  the  fiil«  and  alkali 
from  whic-h  thiy  arc  made,  and  advlsen  one  to  distnist  the  orrliuar)* 
colorwi  soap.-,  whieh  are  likely  to  ciuitain  ro.-iu.  If  soap  is  the  sol* 
rclianee,  he  recouimcnds  u^ing  it  in  rtrong  M)lution  at  .'10"  to  40"  C. 
(8ti"  to  104°  F.),  and  immersing;  therein  for  a  number  of  hours  the 

'  Inaiifrml  |Iim<)^  Miiiiii-h.  IA8/>. 

'  Xell-i'lirifl  fiir  irvi-k-iH..  IX..  i^W.  i..  'J'X,. 

'  Archiv  fiir  llvKi>-no.  XXXIIL.  IS9»,  ii.  3B9. 

•  Ibiflflrl,  XVlll..  lS!f3,  (r.  K:t.'.. 

'  ZvilHi'lirin  tiir  HvKicni.-  tiiiil  larM-tioiwknaklipileD,  XV.,  18ML  p.  400; 

'  Ibidi-m,  XIX..  1B%,  p.  13a 
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ariicW  to  1m.'  tn-ut^tl.     KvtMi  w!lli  lonf^  Amkittj;,  Bi-yeT '  rt-purts  uuvar)--1 
in^  ihiliirc  of  mv,\\>  u^iiiM  pus  corci  and  the  tmcilli  of  rlKilcm  miij 
n'pliniil  Ivwv  on  cU'thiiig  in  Imspibil  pnic'ti<r.  ■ 

l^'ithiittcT,'  cx|)vrimoiiiin);  with  ciitntuou  mt)  nnap  coDtaimntt:  Ihkt*^ 
of  IVii.-  nikiili    11114)    'i.UTi    pi-r  <Tiit.    of  |M>Iii.->iiitiin    t'nrlM.iniitf,    u    wlill^ 
nlmnnd-oil  MKip  pL'rfnniMl  witli  DitriibctiXMl  und  cmitaining  O.Oij:^  ynT 
iTUt.  of  fn'v  nlkiili,  iind  h  jmleiilwl  |H>tn.-di  ructp  iiuiKtining  0.031   fwr 
t.-(.-nt.  (if  ftiv  iilknii,  fuuud  lluit  h11  tlmi-,  even  iii  1   {m^  cent.  Mtlutitiu, 
wt'H!  highly  eHinoiit  againHt  cbnlcra  ^mui  nilliin  vm*  fV-w  niinnrra, 
iinii.  1 1  IP  reft  >  PL',  rccwnnifrids  njjip  a.*  h  |niioti«il  di^infc<-tnnt  for  ilniliiiid, 
fnrniluix',  clc,  during  epidcuiio  of  tliiii  diiwsisi.'.     Knr  uiu'litiif!;  l""lv- 
itnd  bwl-lini'U,  funiiliirc,  woiKl-wurk,  tlouDf,  fftc,,  bt.*  rucuniiUHniU  a  4  [<> 
r>  per  cent,  soap  solution  af  probably  pfficient  nitder  all  condilidii.^nl^rr 
from  Ti  hi  10  iiiiiiuti-»'  mnliii't,  but   Mi}r|>(:?<(H  ntrc  in  iivoidinj;  tlio^u- 
niiiii    (.iiniincrciiil    soft    ^^[►s   wbicb    iiri'    fn^pH-ntlv   of   |«H>r  (juililv. 
Kx|HTinK-nti»g  witb  /f.  tt/j/hrwu-K  iind  li.  rofi,  \w  pr<^vnl  ibitt  brn-  iipiin 
tilt*  Boii|w   poNK'KSoil   a   liigli  d<.i;rt<i-   of  powiT,   thuu^b    tniH'li   lur^r 
imiountn  wi-re  nefi?*e<an,-  tban  in  ibe  ram-  of  It.  rhtJeitr.     Hu  drtKiiii- 
slmUil  lliiit  :i    10  ptT  nut.  polulioii  wiif  iiiw^wmr}'  for  ihi'  dwtnirtion 
of  tbi-  lypbuid  gcmis  witbin  t  ininutc.  and  ibat  a  .'>  ]>or  <vnl.  (iiliiiii'ii 
rt-ipiii'i'd  I'nim  '.l  lo  10  niiniik-s  lu'f'onlinfi  U>  tbi-  kind  of  ««p,  lln  ^'1^ 
soajt  bi-ing  eb>wost  in  action,  an  wae  true  also  a^inet  tlw  cbolcni  jjrm*. 
A^iin^t   the- colon  biicilUi-i,  thr  m-tion  was  sttU  .alowvr :  5  jxt  ci-nL  <^ 
till- almond    imap    r(f|niri-<l    I't   niinuU->,   un<l   Ibc   muhc   ftrrapi]i  of 
piitn.->ii  Miiip  ftiilid  to  sucomplif^h  compKle  st<Tilirjiliou  hi  lid  atiniile^ 
The  sujieriority  of  tin-  iilniund  !«oap  Mipf^T>ttil  ibi'  |K>^ibilily  lti»l  'I* 
iiiiTt^ij^il  jHtwei'  niigbt  be  due  to  tlic  nitrolicnzol  with  wliicli  it  n* 
pcHiiniMl.  and  cxiKTiincnt  i^bowcd  llii.-.  to  be  tnic.     Apiinft  |niaw«i. 
all  tbrit- aj;i-nlH   tailed  completely;  Utiiftluilnriifeuit  fiiffiffvf*  •lurtui'*^ 
unafTccfed  by  '20  \kt  ci-nt.  Nihitioii?*  al   tbi;  cxiimtlion  i>f  iimrt-  llwran 
iKiur.     For  tbf-  disiBfcetion  iif  tlie  bumb,  5  jut  wuI,  cobitinii.- «ii« 
fonnd  tn  be  nlniait  inuni'diulely  effective  ngnintit  uhiJeni  |cena*|l«" 
lunger  and  more  iborougli  wa^liin^  i»  n<c(>nini<md«l  in  typlnm!  '"'"^ 
tion. 

AcwHiliuK  ">  Miknlie/,'  tinctun.-  of  •^iwn  xiap,  tbc  (ieniuiD  i>ff«''"' 
.V/j*V(Vnjt  «rt/nHia(ii«,  containing   I'l.ii  jmrt^  of  guitasb  »«i[s  0.8  of  "'''5 
oil,  I  of  glycf-rin,  43  of  aleobol,  nnil  4ii  of  w»tcr,  is  adniiraliV  in  «^^ 
luted  fitnii  for  (-tcrilizing  Ihc  biind<i  in  Hnrgicid  work.     TWy  jliouW* 
ni-riiblMtl  for  'i  niinnti'Ti  wiiti  ilu-  pivptiration   in  iU  fid!  i^Irfn^ili.     '\ 
bic  cx|)crinieiit?,  St/tiilii/hvi-rim  f.innjfnfM  aurfwt  wiw  killvtl   ill  tt  l"*^ 
minute  and  .**■  /».  n/Aiw  in  a  minute. 

Fmm  idl  the  cvidoiiw,  eoullictiiig  thougli  it  In*  in  ci'rtAin  rwiH-cC-^ 
mu^t  be  evident  that  in  ^iip  we  have  an  agent  wbieh,  with  all  i\^  1 
tiitions,  i^  enlitlixl  t»  very  M-riotm  iiin^idi-i'alliin,  at  knHt  lu  an  uiixil 
in  couiplelc  diicinfi-otion. 

'  KoiDwIirltlv  iliT  Mnlii-iii,  lfll"7.  Xit  1. 

'  ArehiT  ffir  Hv^icn,-,  X.\V1I„  ISUH,  p.  IMi 

'  Deativlie  mcdu-iniKhv  Woeli«-n»i->irirt,  June  l£,  ISPBl 
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Medicated  Soaps. — Tu  order  to  incren^  the  disiufertaiit  pn>pcTties  of 
onliimrv  smijis,  vftru)ii»  ap'tit^,  including  im-n^iirv  (niiii|hiiiiiiIs,  cHrbnlir 
acid,  and  the  crewiil  i)re]Mir!iti<ins,  arv  m<tiriK>nit«l  in  tliciit.  (.'oui- 
[Hinil  wiili  iinlinary  wmji^,  tk-^H-  preiwratioiis  apiR'.ir  to  Ik-  of  dotilitfiil 
utility,  iiltlimifili  in  tlic  haiiils  "f  •Kunr  cx|HTiiiieiiUTi?  tliev  bavt.-  yiH*Kit 
pHid  nwiiIlT",  Ki-oiu  an  extonwivo  investigation  of  these  M*a|Xi,  Symes  ' 
cr.mirl tided  that,  fur  n)l  pnictinil  piii'iHiHOi*,  niO''t  of  llii-iii  ]m>;<m'.->)|  tia 
added  vabie,  but  that  the  mereiin,'  stxipM  are  u«<^'fiil  in  disinfection 
id'  till'  hands,  .A  I  |k-i'  t'i'nt.  w>luliiiii  of  thi-  Iiiniodidi'  Hoap  killed  pus 
wK'ei  in  1  niinnte.  while  the  other  sixijwi  fnilo"!  to  do  jio  in  3  Iioiir*. 
Xijliind '  fonnd  thjit  ihc  addition  of  disinfei'tanis  to  :M>apn  inereama 
tlieir  action  in  t^onie  cases  and  diuiiniyhc^  il  in  oilier",  tlie  luHer  c.Hpc*;!- 
ally  whi-n  thv  added  snhiitanep  eondiineri  with  the  ordinary  constituents, 
Aii.'onlinf;  to  hi-  ex|.H'n'nient»,  (hi-  rnoil  imjwitI'iiI  of  ;dl  i.-i  tin-  iiirnssive 
snhliniatf  soap,  whieh,  however,  has  ^c^*  |>owor  than  the  eorrevjRtnding 
nniriunt  of  ^iibliniutv  aloiK'-  In  0.01).'!  pi>r  cent,  niilntioii  it  killitl 
cholera  bacilli  in  \^'atcr  within  10  minut<%.  Hideid  ^  aifKcrts  that  the 
doiibk-  imlidr  of  ]K>tuK<iiini  and  meiiiiiy  liiu*  wtmujinH'  ei^nnieidjil 
ptixcera  than  eorroaive  Miblinnitc.  and  i*  easily  ineorpiinited  in  the  wiap 
stiH'k.  H<'  ni-ortinicniU  thi'  adiiiixtuiv  of  1  to  .'t  jwrts  rtieh  of  niir- 
t'lirle  and  polassle  iiwiide  in  lOO  of  soap.  '•  I'otas-io- mere  uric  i<Hlidt; 
has  the  aiK'anlaiiP  of  being  compatible  with  strong  alkalies.  .  .  . 
Moreover,  it  diic*  n<»t  pre<-ipit:Hv  albnniin,  and  Ih  not  easily  ifduwd." 
McClint'K-k  '  tried  to  make  an  anti*.'ptic  ^ojip  in  which  the  nn-rcnry  ■r^lt 
xhonld  exift  imchanf^il  and  active,  and  funnd  the  ilouble  iodide  to  be 
the  most  available  agent  in  the  pro]iortion  of  (l.o  to  2.0  \ttv  ecnt.  A 
Ailtitinn  (x>ntjiinin}r  1  per  cftit.  of  the  :*nap  wa-*  fouml  to  bo  fatal  to  pus 
cocci  and  eholera,  (liphtheria,  and  typhoid  fever  bacilli  in  1  minute.  The 
.•joap  atliickcd  neither  nickel,  silver,  alimiinum,  nor  ^Uvl  in:<ti'iiniciil», 
nor  lead-pi|)es,  and  ilid  not  eoji|;idat?  albumin. 

Coneeriiinji  carbolii'  aci<l  and  eresol  soap,  the  weight  oi'  uvidenw  is 
tflearly  in  support  of  thp  iu>«crtiuD  tlint  tht-y  arc  in  no  way  superior  to 
common  soups.  Many  contain  no  more  than  snffieient  to  nmki*  them 
powertlil  in  oilor,  wliieli  is  not  sntlii'lcnt  to  (■older  anv  marked  iKieten- 
cidal  |Kiwer,  Nochi'  calls  attention  to  the  Kolvent  propiTty  of  .soap  on 
carbolic  Hi'i<i,  showing  thai  at  fiO''  {_'.  n  :{  |H'r  cent,  solution  of  strap 
will  iJissolve  6  per  cent.,  and  double  that  strength  will  dissolve  12  jwp 
cent,  of  earlMiiie  aoid.  He  found  that  a  eohl  solution  of  soup  (^imtaining 
l.'i  ]K'r  cent,  of  cjirbolic  acid  was  fatal  to  puj;  em-ci  and  non-s|ioring 
bacteria  in  half  an  hi)Hr,  but  K^coninienils  the  employment  of  .1  per 
ei'iil,  sobiliiiii  of  a  .5  per  wnt.  :?'Hip  for  ihe  Iri'atment  of  elothlnj;, 
leather  articles,  and  other  objects.  Keithofter*  found  that  carholio  aeid 
is  wrtikcnwl  by  the  pr«',»cn(v  of  wiap,  tuid  that  a  soft  soiip  conlftiniug  40 
jier  cent,  of  lysol  was  no  more  cffeeti\e  ajfaiiist  pus  cocci,  Jt.  coll  aud 

'  I{rl>4l«1  MiHliou^'liinirgicni  Juuninl,  Sf))!.,  IH'M 
'  Loco  cilalo. 

•  TM>>mfpi'Uiiii  nnil  Di>>mrn-lnntJ(,  licinilim,  lf)l)8,  |i.  4gS. 

•  M(i>Ui.-)il  Ni-w%  April  17,  l«i",  [1.  1»J>. 

•  ZcilHchrift  fur  UirgictH!,  VII.,  188H,  y.  G2I,  *  Loco  citato. 


B.  tfipho^UK,  than  optiiniiry  soaps,  mid  was  much  wwikcr  llmn  a  srlii- 
tinii  iii*  IvHol  nliiix-  in  tin-  miiik'  Ivsul  ?i(rcii;;tli.  Toiizig '  li<iiiiil  titat 
various  viuolin  »<xi]>i«  Htre  iiiejfectivc,  like  nlhcr  e(iap§  coutainioi;  o>r- 
nwivf  .siihlimalt^  ami  titlier  ilistiitivtiii)(s,  Iiithu.-^-  new  coiiiiHiiiiid^  nix- 
tiiniiitl  wilti  tlic  nixliiKirv  foDstitiiiiit!-  ol'  the  «iii]i,  atitl  the  natural 
<]i«iiilectant  piYijKTtion  of  llie  tuinic  are  thcvchv  thniinii^hfd. 

In  the  (lUiiitti^tiiiii  u\'  hiiniN  liv  mcniii'  of  nii.t)imt<'«I  i^ou]M4,  it  sbould 
Ih'  Ixinu'  in  mtiiil  that  tlw  ad(l«tl  (lii^hiftK.-tnnt  is  eonimonly  prest-nl  in  tn- 
fiufficiciit  iinioiirit*,  anil  thiil,  iis  ih<iI,  the  mmi[ik  form  it  xvry  w«ik  toln- 
lioii,  wliii'ii.  ill   the  time-  onlinarily  given,  ean   have  but  little,  if  any, 

^Tf  onnaldebyde. — Formalik-liyfle,  ntherwiw  known  a8  methyl  alde- 
hyde and  oxynietliylcii,  the  simplest  known  eomjKmnd  ofeartion,  liydrt»- 
g«>n,  ami  tixyp-n,  iviis  di.vovin'd  hy  Frofc(fi>r  A.  \V.  lloffnianii  in 
18G7,  but  it;-  ;p?i"nii<-i<.lal  pnjpertier'  were  not  reeijgnizttl  nntit  iJ'Sli,  and 
were  not  |iut  to  prai-tiral  tisi-  nntil  ]>t!M.  It  ii*  h  pu^fiUf  iircxiiKt  of 
o.\i<]utii>ii  i)f  wood  alc'ihi.il,  made  m<jf-t  I'imply  by  paf«ing  a  enn'ent  nf 
tJie  alcohol  vajwr  over  platininn  sixitiirc  pn-viuiwly  houtiil ;  ns  ihc  viipir 
«orn«w  in  cimtm't  willi  the  inciinde^wnt  platinum,  it  is  oxi<li»xl  Xv  alde- 
hyde and  water  (ClI,OII  :  0  =  Cir/>  -  \\p).  Tit.-  eonliDumL-i 
ciirn-ni  niiiiti[;iiiiH  lh<-  iiHiniih-Tnyinv.  On  a  large  st^ile,  it  i»  produced 
by  tmttini;  (he  ateohol  iti  riLip|)er  tnbeH  eontaining  iucandeseent  ooke. 

Furnialih-hyde  i^  soluble  in  water  up  to  -10  jht  ovm.,  und  givtu  a 
neutnil  ralntion.  but  the  eon  i  mere  la  1  pre|<aniti<>nii  are  ui'ually  clightlr 
acid  in  rtiK'tion  from  tmiv."  nf  foniiii-  ai-id,  It»  solution  amnot  bt- 
fttninger  than  40  per  eent.,  and  nttemptA  to  eoncentrate  it  or  to  coodetiee 
the  va]H)r  muse  it.  to  (Kilymerin'  to  n  white  indJKlinrtly  m>1itlline  M)lid, 
trioxyniethylen  or  pandbrin aldehyde  (C,II,0,),  whieh  is  almost  insolu- 
hlc  in  water,  melt-  jH  171'  V.,  wln-n  ijfnitifl,  hiinis  willi  a  bliie  fl»in«, 
but  when  peiitly  heattil  in  nn  opeii  disli,  is  cx>nvei1ed  aji^ain  to  the  ga*- 
a)ns  Ibrntiddehyde.  When  the  -lolutifii)  is  liejited  in  a  closwl  vessel 
under  pre^iiirc,  polymeriwttiini  in  prrvenli-d  by  the  pri'semi'  of  bomx 
or  of  neutral  salts,  an  chloride  of  caleium. 

Fonmildchvile  vnjwir  i"  i-xwiflinplv  pnnp.-nt  and  \t-TV  irnlntiiif;  Xt> 
the  eyes  and  nose.  It  hn-^  n  strong  affinity  tor  manv  organle  Mih- 
Miincx^,  und  (nmdnncs  with  lU'dHv  nil  funWiiielliiig  pmiitictK  of  d(«n«i- 
positi<M],  forming  odorless  eompouniL,  and  tiius  acting  as  a  deodonint. 
It  ir.in!ilV>rm»  gi'latin  in  Milntion  to  n  tongh  irannjiait-nt  snhRtaitee  in- 
Boluble  in  iKiiliiig  water,  caii^e*  blood  serum  to  loise  it*  coagidabtlily  Iiy 
beat,  combines  with  the  proI<>)ilasni  ttf  luieteriu,  an<l  eiinveris  qig  albu- 
min intu  a  mihstanee  iiiMdiihle  in  uiiter  und  indigestible.  With  nni- 
monia,  it  forms  an  inert  eomptiin<l,  hexamethvlentetmmin,  which  has 
the  odor  of  neither  Mil^^tane.-  (-INHj  )  6CH,()  .=  (rH,).N,  ^-  6H,0> 
It  IwB  no  action  on  eopjxT.  brass,  zine,  nii"kel,  silver,  iron,  dteel,  or 
oilier  inelullie  snl^tnmi-H,  cnnH^  no  iliuiinniion  in  tlH>  tensile  strength 
of  fabrics,  and  has  no  bleaching  or  other  cRect  on  colors,  excepting  tu 
intcntufy  the  effivt  nf  certain  of  the  coal-tar  dyeti  (fuehain,  eaflraDin, 
'  tislclU  ilegli  ospofcUi  «  ikUu  cliiiiclie,  lOOO,  Ko.  0^ 
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and  iwrhsps  others).  It  inay,  however,  fix  blood,  pus,  and  faecal  staiua 
on  (lotliiiig.  It  hit*  no  injinnoiiH  action  on  i'loiliiii;r  imd  otlicr  wovm 
lkbrii.»,  Cutv,  iirtii'k-ji  of  ruliixT,  Icatlier,  iind  imper,  jtbotognip})!^,  puJut- 
iiig;*,  wiNxJwork.  and  fiirnitun-. 

Till!  antiVptu-  pnt]K-iti(')i  of  fdnnaMcliydc  wen-  noted  liivt  in  Ii^l^fi 
by  Loow  and  Fischt'i-,'  bnt  its  value  an  a  praciKal  disinfoctinit  was 
Hindi.'  kniiwii  ttnat  by  Trilliil.'  in  n  iMriiininili'iitiriti  to  tbc  Frciicli  Am<]- 
euiy  of  Sdeiice  in  18^2,  and  siutv  tliat  time  it  bas  been  tlie  subject 
of  v<-(y  cxlcnwivti  invoiigatinn,  whiHi  liiw  dcmoiiKinitiil  timohisiv<-ly 
tfitit  formaldcbyde  Is  by  far  tbc  miwt  ivuvert'tti  ami  pr.ietioal  elieniicat 
diniiifiHTtant  known.  In  jjencnil,  it  in  iimnl  in  tin-  form  i>f  gas  p-iicr- 
ottfl  in  dilfcniit  ways  from  nietliyl  ulculiol  or  frnm  I.Jk'  acjneoii^  4t)  pt-r 
eent.  ]«ibilion,  coninninly  known  by  the  eomineivial  name  Formalin,  or 
I'liiin  llie  -lolid  prilynu-r  irioxvnicllivlcn,  'iflicrwifii.'  known  as  [inrjifoniiiit- 
deliyde  and  bv  the  trade  name  Farafoi'm.  In  some  proee^seb  of  dinin- 
fi'i'tioii  mid  doiKlori/^ition,  it  i.*  applied  dincily  in  tin-  form  uf  utpii-uu8 
solution. 

Methods  of  Vm,  and  Appajratus. — At  tlr>t,  the  ^A  Wft.o  gpncratf^ 
(lirti'tly  from  nuthyl  akiihoi^  by  mc-.ins  of  lampis  specially  conMrin-ted 
for  the  piu'iKM'.  'l'\w  fii»l  of  tlie-i*  wa>i  devisi-d  by  Trillat,  wbo  waa 
folknvcd  by  Ganibler,  IJjirtlicI.  l>iendi)nni:,  Ivrull,  TolJcnis,  and  others, 
who  pratenttid  various  Rio<liticationa  and  impi^vementa. 

In  1S9H,  I'rofi»«or  liobinwin,  of  Itowdoiti  Oidtcfii-,  exhibit<'d  at  tbo 
annnal  meeting  of  the  American  Public  lle:dth  As.<">ciation  a  lamp 
devised  by  him,  wbicb,  it  in  p-tunilly  jifrrwl,  i«  ihc  liivft  yet  invcntcil. 
It  pon.-i.sis  of  a  diwk  of  modenitely  thick  awbeatos,  clow'ly  |KTforated 
with  small  boles  and  plutinixvd  with  a  strong  Milntion  of  platinio 
chloride,  and  a  cylindritnl  dinU  u]>on  which  It  U  supcrimixiutxl.  In  nHo, 
the  dish  is  lllkil  pailly  uitli  inctbyl  aleoliol,  and  tlic  disk,  at  lii-st 
rvtnoveil,  is  wettixl  with  alcohol,  winch  U  tbcri  igniteil.  A"  soon  sfi  the 
alcohol  is  iNinsume<l,  tbc  disk  is  replatvd,  when  it  is  at  a  anfficiently  liigb 
tcmjtcnituiv  to  convert  the  fumos  from  tlic  methyl  ak'ohol  bcnHith  to 
formaklebydi-,  ami  ns  long  as  llie  process  continues,  is  maintain<^l  at 
the  proper  deifrei'  of  bent,  lint  ibis,  in  wjmmon  with  all  oilier  larnptf 
of  tbc  kind,  is  i>]>en  to  scveml  I'bjei^liftns,  aniotiy  wliieh  niay  be  men- 
tioni^I  tbc  snuill  viekl  of  fortnaldehvde,  which  iteevssilales  the  employ- 
ment of  a  large  numl>er  of  generators ;  the  fact  that  a  lar^,  if  not  the 
greatj-r,  jiarl  of  the  iilcjihol  is  uimvcrt«Hl  U)  carbon  monoxide  and  dioxide, 
aud  the  danper  of  tire. 

Trillat,  recognising  the  deftvts  of  his  own  and  other  lamps,  and  being 
oonvinceil  of  the  futility  of  attempting  to  disengage  the  giis  by  evap- 
orating ^e  aqueous  solution  from  open  vessels,  whereby  polymerisation 
is  caused,  atlemptiil  to  devise  an  apparatus  in  which  ibe  a<|ueou»  sobi- 
tion  could  bo  employed  without  the  occnrrcuco  of  tbj*  rindcsindile 
phenomeuon.  Thv  outeoine  of  his  study  was  the  autoclave  which  bears 
nis  name. 

'  Joumal  fiir  prabliieht!  Chcmii-.  XXXTII.,  p.  221. 
•  CompiCT  rendius  V\l\'.,  p.  1278. 
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Trillal's  autoclave,  shown  in  Fig.  92,  conflicts  of  a  cylinc3rical  silver-] 
lined  pot  of  Itcavy  w[i|n-r,of  alintit  a  gallon  cnpatcity,  with  n  cover  rest- 
ing on  u  rubber  gasket  uttd  ticcurect  by  meatu  of  turn -buckles.  The 
cover  carries  a  pn'ssiin-  gau^,  a  theniKimeU'r,  and  an  outlet  (^mtnillrd 
by  n  valve  and  u-rniiuatiiin  in  a  narrow  bni^  Uibc.  The  pot  U  sup- 
ptfrted  on  a  tripod,  and  beneath  it  t»  a  Swedish  lamp,  the  flanu>  of  fl 
wliiclj  is  fi^i  liy  va[>»r«  from  kenwcnc  oil  foR-ed  out  by  (■omprrsscd  air. 
In  the  [jot  i*  placed  not  more  than  three-fourths  nor  less  than  one- 
fourih  of  iw  iiiiKidty  of  a  niixtnn-  of  the  -111  [n-r  renl.  Kohitinn  of 
fonnahlehyde  and  chloride  of  calciuni,  the  latter  for  the  purpose  of 
preventing  polymerization  under  prcftsnn*.  This  mixturv,  which  con> 
taiiiM  150  gniniis  of  Uic  chloride  to  tlte  liter,  is  known  wf  Fonnochloro). 
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bDlurfConalrui-tloii  0:imr«ii)r't 


The  formiiUU'hytle  solution  uned  tdiould  he  pmctirally  free  from  methyl 
alcohol,  which,  while  of  no  pmrtical  inle«wt  under  ordinaty  circum- 
ntnnee".  \*  an  (ibjeetionahle  imptirity  when  the  jsohilion  is  hnitHl  under 
pi^ssure,  since  then  it  unite.*  with  a  i'orr<-s|)ondinj;  amount  of  formul- 
debyde  to  form  inert  niclhylal.  TIk-  cover  i»  finnly  fixeii  by  tl>e  lum- 
buckle8,and  dieu  the  lain|t  is  put  in  operation.  \\'hen  the  gaup.-  ^how« 
a  |irriw«ur«  of  three  almot'pberc*,  the  outlet  tuh<-  is  intrndiietd  into  the 
keyhole  of  the  door  of  tlic  room  to  be  disinfected,  and  tlic  i,-alve  w  opened 
gnidually  tw  as  to  release  the  vapor.     The  diwngagenient  of  the  ga«  is 
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d  until  a  sufficient  amount  of  the  liquid,  based  upon  the  amount 
)aoe  treated,  is  consumed.  According  to  Trillat,  in  the  case  of 
)f  ordinary  size,  say  18  feet  square  and  10  from  floor  to  ceiling, 
-atiou  should  require  about  an  hour.  The  objections  urged 
this  form  of  apparatus  are  its  cost,  the  want  of  uniformity  in 
unt  of  gas  delivered  within  a  given  time,  and  the  danger  of 
n  from  the  possibility  of  the  non-working  of  the  valve,  or  from 
ion  by  one  cause  or  another  of  the  outlet  tube, 
mbor  of  other  apparatuses  for  the  same  purpose  have  been 
and  to  several  of  them  these  objections  do  not  apply.     One  of 


Fifl.  M. 


LpdU'd  niK'ncnlor. 

the  regpnerator  made  by  tlip  Sanitary  Construction  Company, 
I  extensively  by  public  authorities.  (Soc  Fig.  !I3.)  It  consists 
per  reservoir,  holding  about  3  quarts,  from  the  bottom  of  which 
qnart«r-inch  copper  tiiln',  which  forms  a  coil  2  inches  below, 
1  tumn  upward  and  extends  above  the  top  uf  the  apparatus, 
is  fitted  with  a  nililmr  tnln.'  carrying  a  fine  copper  nozzle, 
which  the  gas  is  deliv('T<'d.  Itencath  the  coil  is  a  Swedish 
lilar  to  that  used  with  the  Triltat  autoclave.    The  formaldehyde 
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KoIutioQ  is  admitted  to  tbc  heated  t-oil  through  a  valve,  and  U  trana- 
fiirimtl  til  viigxir,  wliicli  i-.m';»|k«  Uir'iii^h  the  iioxxU:  N'oillteP  [»rc,*sijTO 
nor  the  presence  of  culciiim  chlorlflc  is  D«'t.s>.ary,  ami  the  rapiJiiy  of 
uction  iind  atnouut  of  folution  ueed  can  be  detfniiiiie<!  hv  (ibM-r\'ing 
(he  hpi};ht  nf  t)K-  liquid  in  thu  glii*«  gtuigc  mi  thr  Mi;  of  tin-  rpsor\'oir. 
The  a])paratus  i^  very  much  cheiiper  than  the  Trillat  and  t<iinilar  auto- 
clave. 

Another  regenerator  wliich  meets  with   favor  it;  that  of  LeiitK  fsee 
Fig.  94),  ill  wlticli  the  forniaiddiyde  nnhitton  in  hcati'd  in  a  retort  by 

in»in!-  of  a  Swcdii^h  lamp,  the  gns 
emerging  through  the  metallie  di-liv- 
(T)'  tnljc  I'linnreki!  hy  riiblur  tuhiiif; 
with  the  noz/Je,  wliieh  is  inserted 
tJiroii^)i  It  ki-yhok*. 

Ill  order  to  avoid  the  ui^  of  the 
liquid  pri'jiamlitm,  and  to  emplny  iii 
it«  plaee  the  solltl  polymer  trioxyme- 
tltylen,  or  parafurm,  the  Schi-ring 
huiip  will'  rievijwd,  and  in  IHjl"  wii« 
hi-ouglu  into  notice  Ly  Aronsoo,' 
alV-r  he  had  nitidc  a  wrii':*  nf  Kitts 
whieli  yieldtvl  good  re^idts.  This 
viTv  »in1))lt^  and  im-xjH'n^ive  ii[»|uL- 
nitus,  shown  in  Fig.  9^,  consii^l^  e«- 
rU'iitially  of  a  iii<-tallio  kIh-II,  not 
unlike  an  open  pieoe  of  Elove-pijie, 
.suji|Hirlt-d  on  U'jjh,  ami  wirrj'iiij;  in  its 
upper  part  u  basket  made  of  tihcrt- 
irou  and  win^  gnui'x^,  and  an  alcohol 
lampcamin^;  tJ  or  more  witrks.  For 
convenience,  the  paralbrro  is  supplied 
in  piii<tillt.'.'<  MH-i^hing  a  gnnii  uich, 
and  these  are  ])laeed  in  the  baiiket  to 
the  number  of  2  for  every  3-^  «ubi«  fwt  of  air  apace  to  \tf-  dininfiK-tMl. 
The  lamp  is  supplied  with  aleoliol  to  the  extent  of  2  cc.  for  eudi  pai^ 
tilte.  liie  wickft  )<liould  projw.l  not  more  than  about  a  twelfth  ot'  an 
inrli,  which  t<  j^uHieient  to  give  a  flame  whii-h  will  he«l  flic  bii>lu't  and 
its  contents  sulliciently  to  cauac  volatiliaition  ol"  the  agent,  with  abt^o- 
luU-iy  tw)  dttng»T  «f  itji  taking  fin-  and  tluis  yielding  nu  formaldi^ydp 
gas.  By  tile  time  the  aleohol  if:  consiimetl,  the  postllloi  will  liavc  been 
volatiliaetl  eiimpli-ti-ly  or  nitirly  .-■».  If  tlw  njwei'  U»  be  trtnted  be  of 
[■ueb  size  that  the  n-qiiij-ite  number  of  txiftilU'jf  rannol  Ik-  pliicKl  tn  iJw 
ha.-kel,  more  tiian  one  ajijiaratuH  should  btr  used.  This  pmeeHs  has  the 
advuntjigi-  of  ismpli»nly  ami  economy  of  time,  fiir  when  the  a]>paratun 
is  placed  in  position  with  Its  lamp  burning,  it  require  no  further  atten- 
tion oil  the  jnirt  of  ihe  ••[icnilnr,  w  ho  iheti,  w  iili  otlic.r  Iitm|i»,  h  enabled 
lo  Ktart  ihc  priK-us"  clscwlH'rv,  :in<]  tbiit!  seeninplish  mueli  morr  lliun 
■  Zeilsclirifl  Ibt  llj^ii-ni^  itiul  liirvclluntkrankliviivn,  XXV..  1HV7,  p.  IMl 
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another  who,  operatiiijc  an  autoclave,  or  similar  appariitu)>  is  ohiiged  to 
giv»>  it  (^oii^t.-tnt  iittciitloii  us  Irtiit:  a.i  thi-  jpm  is  iMting  ji«iH-rat«i. 

Still  nnuthvr  u|>iNinitus  is  tlitit  ti^ifl  in  uhnl  is  kitnwn  u«  the  ''  Brc»- 
Inii  miHhod,"  in  wliioli  tlii'  gas  '}»  ttiflen^ged  ia  compauy  with  an 
iibuD(lim<^v  iif  •itcani,  by  boilinj:;  dilute  turninhleliydc  i^uhition.     Thu 


Vi<}.  w.. 
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apjuinitUB  shown  in  Figi-.  9G  and  97,  taitoi  fniiu  tiir  dfwriptioit  «f 
ttic  iih-IIkhI  by  voTi  Bnmn,'  «insist«  of  a  copper  lioilor  about  14  iiicl>e3 
in  (lianietPt  anfl  .'!  in  depth  at  the  ixTipIierx',  with  »n  iTimiiivsible'  cnver 
slightly  ilcitiiifl,  in  tin-  rwitcr  nf  which  is  an  otitJet  tuljc,  to  which  a 
fitout  rubber  tube  win  be  nltnclHHl.     The  cover  is  providwi  «]»a  witb 
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V  V 

V«rtlc«i  Keikm  of  Br»Un  rtynnprnlar    (Ijimp  In  poElllim.) 

twti  liuiullf^  .iiicl  sin  nrifice  closed  by  a  sepew  cap,  A  flanj^  around 
the  Mppcr  Ix.riler  uf  the  boiler  kt-rpr*  the  l.-Hli'r  in  plac^  when  ir  is  put 
on  its  sLipiiiirt,  whioh  is  :i  cylinder  of  enamelleti  .sheet  iron  about  14 
iDcbc)4  in  height,  providiHl  in  itfi  lower  Imlf  with  slita  for  the  fr«^  en- 
tram.v  of  air,  and  on  its  inner  »de  with  lhr<t>  snp|iort.-<  for  an  alcohol 
'  ZcibH^hrift  tiir  Tlyitlciie  unit  InfiMtinnskriinklicilen  XXX.,  ]l  201. 
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lump.  The  lamp  is  an  opon  d!«b,  tliroiij^i  x\w  bottom  of  wbidi,  in  t^ 
coiicdolrio  rings,  20  tulMt*  pn>)cii?t  ii]iwar()  !x»  high  &»  lh<-  hides  of  L£» 
ve^«c1.  AVitli  thiif  u]i[ui ratlin,  3.5  litvDf  (uMrly  4  qiiurli^)  of  tfulij  mti 
\)v  l>«>uglil  to  Imil  ill  1 1)  ininiiloii,  and  nearly  the  wliol«-  «in  Im-  i-vn|KJ- 
nitcii  ill  HI)  lioiir.  TIio  iininiint  of  iilroliol  ))ln('itl  in  tlic  litRiji  hii'iiiM 
lie  about  one-fourth  of  the  vulump  of  thv  tolutiou  ia  l\te  boilir,  imil 
thid  will  \m:  <!on.-<iiined  tK-lorf  tb<>  ItoibH-  \»  empty.  Like  tlw  Sibrnng 
lamp,  the  iippiimttii^  may  be  V-h  Id  ihv  room  or  it  may  l>o  uiiei]  imb-iili' 
with  a  dclivi-ry  lulie  ]uiiiniiig  through  the  kcyhuli'.  In  onUr  imujiiiri' 
the  Ik'i^I  riMill^,  a  dilution  of  1  jwirt  of  the  40  per  r<'nl.  HiJulion  of 
forma]<Iehyde  with  4  of  water  is  rec«iuniond«l,  Willi  \\m  dilution. 
one  nvoidx  tho  jxilymrrixiition  obwrvctl  when  the  uiidihitcd  nfiliitici)  <« 
healed,  wliieh  \»  due  to  the  fact  tliat  the  water  is  ilrivpn  off  (aster  thin 
Uic  fiinnalih'hyih-. 

A  M>mcwhnt  similiir  n]i|>.'ii'atu^  Iia^  t>ef>n  d<>viped  for  tlie  fcencniinii 
of  i^teain  iu  eoniitt'tioii  ^viili  tJic  iim-  of  iIh-  fst-hvriiig  lamp.  It  (imfi>K 
«mciitJully  of  u  riivulur  copjier  hutlcr,  mrroundinff  tbe  Sclieriug  luii|' 
and  heated  l>y  n  oireular  ojmu  alroho]  lautp  which  is  really  a  wrtof 
gtitlcr  into  whii"b  u  :iu':i.-iiriil  iiitinniit  of  alcohol  if^  ixnin-d. 

In  1SSI7,  lliiM-nlK'rjj '  dcw^riU'd  aixl  atttinptwl  to  intn^lii'v  a  timplt 
fomi  of  lump  for  ihi-  viiguirimtioii  of  foniiahk-liydf  innn  lioUiUpitlilul' 
methyl  alcohol  containing  .15  per  eent.  of  formaldehyde  niid  6  rf 
meiilhol,  Uif  latter  Ix-in^r  add<'<l  in  onltT  to  prcvrnl  the  foniutinn  s 
nicthylul  luid  to  ovrrconic  any  tcndpucy  to  explode.  The  inetliwl  I* 
liern  Irii^l  liy  a  nmidx'r  of  i'\jM'nmi,-«t4'n,  biit  tlie  rcmilt^  liavc  not  In 
to  its  extensive  employment. 

A  ntimlier  of  in\'entors  have  devised  methods  for  spmying  tl*^'' 
|ier  eenl.  wihilion  of  furni.-ddehvdc  il^vlf,  among  tlwm  Liiipiwr,  Pfsu^ 
nil;:,  FlQgge.  and  f 'zaplewsVi.  The  latter '  diwugages  the  gas  by  eii'imi' 
of  a  jet  of  mIi'^hi  acting  in  ii  (-onM^tratftl  solniion  nf  rormiild4.-hvdr,  ii^ 
presents  Rgure:^  F^bowin;;  the  pHH-ess  to  be  the  eheui>est  of  all. 

In   189X,  8cbloKsroan'  advo<'aletl  the  use  of  a  mixture  of  forouli' 

and  plywrin,  which,  by  mwins  of  a  cli-am  jet   fmm  an  appttrntD^  ■« 

special  eonst  ruction,  can  l>e  disseminateil  in  Ibe  air  in  the  fonu  olnfi'*' 

mini,  which,  Ix-itij;  iKsivier  than  iiif,  i.-  .-•npiiiwil  In  wrflk-  and  winy  'I"*" 

all  the  bacteria  mechanically.      The  mixture  i-onlaius  10  l^-r  rt-al.  ■« 

glycerin,  and  is  (-alletl  glycolbrmal ;  the  glycerin  j^  Mippotwd  tn  prov' 

|K>lyinennition  as  well  iw  to  act  nieclianically.    Acconllng  to  .St-Iii""!"' 

the  addition  of  glycerin  ij^  wlioUy  nnncci'SBSiry  arvd  dir^ulvaiil^"'""' 

sini'i-  tliijt  pidisiniUT  is  deposited  ail  about  !n  fine  droptete  nml"'*''^ 

cleaning  more  diflicult.     It  is  said  also  by  van  Ermi-npcu '  thai,  i"  *^' 

dition  to  making  objetTls  slimy  and  wet,  it  often  nllacki-  il*e  (>'>l>*"'i 

furniture.     Kaup,*  CzapK'Wjiki/  and  others  agree  that  the  atldiU"" 

■  ?j.>lix(-lirif(  for  ITytrli'iiv  imi]  liifi-olioinkRinkliiriu-ii.  XXIV.,  16i>T,  ]i.  498. 
'  Miinr^ln-iicr  ninlicinijtcbe  Woclienwlirifl,  Iftl!*,  Ko.  41. 

*  Bcrlinpr  kliniwlif  Wrcbcnteliriri,  Jiiiif  20,  IM'I*, 

*  An'hiv  fiti  H;kI<^i%  XXXVl,,  1S5«».  |i.  \T.  « 
'  Itiillflln  (111  Strviw  i!c  laiwi  t-l  rir  rtivsiini-  |>ubliniie  dn  Balflqw^  1W9,  li- 

*  Wienvc  mcdiciabcbo  Wm-liPiiH-liinfi.'t.'^l)!',  Nn«.  1^4. 
'  Milndimar  tntdldniich*  WocKeivchrin,  1898,  p^  1300. 
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glycrpin  U  iinn('(«'.**ary.  Tho  j>ro*>)?N*  is  alsMi  too  GX(>ent)ivc!,  and  hit* 
the  ndditioiul  disadvaiiti^rt-  uf  l«ivin(j  Hit  ofW  which  U  von'  I:L>-ting. 

AiiuiluT  nii^hud  of  )reiieraiing  the  giLs  whicli  does  away  witJi  aiwwial 
np|uiratus  Is  that  of  Kri-U  ami  Klh,  who  employ  hriqiirtt4-j<,  "tiirbo- 
fonnal  Cilulil»lfM"kH."  contaiDing  a.  core  consisting  of  ott  )j;rani!i  of  piira- 
fiirni.  The  bric|ii(.'t.tv  Is  i.'aHily  li^liti^l,  and  hums  shtwly  willmiit 
ai'tiiallv  Hamiii);  ;  and  in  the  pr'KVK^  the  paraforni  !»  volatilizttl  to 
furitiakichyiii'-  Oni;  i--*  rwiiiirwi  for  tach  l,tK)t)  ciihic  fpwl  of  air  s[kic(^. 
On  account  of  tJio  <lryncss  of  the  pis,  it  is  advii«cd  that  cloths  wet  witb 
wal^T  111-  [ibitil  iilKiiit  till!  I'liom,  in  <jr<ier  to  uit^iire  a  htiniid  ntniosplieiv. 
I>icudonn4!> '  i'oiind  it  necessary  to  innij^toii  the  uir  liy  jumrinj;  liut  water 
n|kin  healol  hrick^,  using  '2  liti^rs  ul'  water  for  each  "i.XtlM  cubic  feet 
of  !iir  >;piioe.  Xn  is  the  tTi«'  with  nuf^t  ocw  ih-ihmwmw,  in  the  hands  nf 
different  experinienteis  thi«  method  has  given  widely  different  re^nlta 
aiH^iinliii^  ti)  the  nniiiiter  of  briijiietles  n>M.Hl  in  a  givitn  s|ia('(>  and  to  the 
aniotuit  of  nioi^tmv  piijvlded.  Dieudonn^  believe*  it.  tf)  be  c(-[XTi!iliy 
HitiipUiI  1^1  [trai'tice  in  tbe  cmintry,  wlicre  thw  employment  of  apiwratna 
h  difficult  or  out  of  the  que.«tinu.  As  siu  even  simpler  iinil  vivw  con- 
venient nicthiNl  he '  advotaili'S  i.he  eva|)omtion  of  diluted  formalin  with 
tile  !iid  of  heated  bricks,  the  litjuid  l>eing  pourwl  over  them,  or  of  rwl- 
hot  i^teel  IkiIi.-,  wi-ighinjj;  alioiit  7  jiijund^,  held  in  a  nheet-iron  pocket 
in  tiie  vct^el  in  wlneli  the  litjuid  is  <'iiiUaiiied,  ,V  ((crfonitcji  wtvor  is 
employed  to  minimize  the  amount  of  loss  of  liquid  hy  spuniiig. 

Another  simple  mi-thrHl  of  i^-nerating  tho  giLn  aiul  steitm  »l  tim  s;ime 
time  iw  ihat  of  Scht^ring,'  in  which  pa-tilles  of  [laraform  and  nnslidti'd 
lime  arc  eniplnyeil.  TlieH-  are  wet  with  wiirni  waler.  iinil  the  heat 
which  is  jiroiluoed  in  the  process  ot'  slaking  the  lime  is  suOicietitlv 
inti'nsc  to  cause  the  volalilixntion  of  fiimuildehyiU-  from  the  [Hirnfoi-m 
and  the  formation  of  steam  at  the  same  time.  One  may  use  also 
lui.-lakt^l  lime  iind  dilntii]  formalin,  dnippini;  ihe  furnicr  into  the  latter. 
KliitTKe  uiid  other*  have  found  that,  in  the  slaking  of  lime,  a  part  of 
the  furmaldehyde  is  lost  by  nsison  of  a  deeitin|HMiiion  pritecss  which  !« 
indiiisil.  This  disiidvaiitii^-  i»  uvniileil,  liowe\-er.  by  the  addition  of 
oxalic  or  eulphnrie  aciJ  in  amount  sufficient  to  neulnili»r  all  of  th« 
lime,  Iiah'fil,  it.  is  averloil  ihiil,  by  this  nieaiif?,  a  liirger  volume  of 
ibrmaklehyile  eaii  \te  develii]>ed  with  the  sjime  amount  of  lime,  since 
through  the  Hi-eond  ehemi<'al  renelion.  which  px-i^  on  wmnltan^iiusly 
with  the  >l:ikin:r,  a  higher  tcmjierature  is  attained. 

Oermicidal  Propartlea. — Tin-  first  to  ntite  the  nntiscptii!  elTfet  of 
forma lilcliyde  wi-it-  Lcn-w  and  Kiucher  in  1880,  but  nlihoiigh  Lix-w  eou- 
tinnt^l  his  obscrvatitins  for  nomt-  months,  iinil  Bnehiier  ami  Seg-all  made 
a  smdy  of  its  antis<'pti(-  aetion  In  li^S!>,  Trillat,  in  1^92,  was  the  first 
to  draw  alU'ntion  to  the  !m]H)rt:ii)ce  of  the  ajjent.  Almost  at  the 
*«me    time  came  a  publicntion  by  Amnsoii,'     Trillat    report<'*l   that 

'  Miinolii-iwr  iiiedidiiw.'lir  Wiichctiichrift,  1900,  p,  14J}9. 

'  l»iy  nrxllk-lir  I'miis,  IflLU,  Xo.  2. 

'  IlvKiciiinrlio  llun.lHliaii,  1!HKI.  p.  TtW, 

'  BcrllniT  k  I  ill  infill-  Woelii-iim'liiifi.  1892,  Nu.  30. 
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hiiuillim,  infe(?t«l  wUh  H.  attthnirtM^vrwi  AtrWmtl  by  I  \an  nf  fomii 
dcliy<lo  in  50,000,  and  tliiii  for  tlio  prevention  nf  <](i»m]H».-iiii>n 
mtat  juiro,  the  agvM  iictfcl  nit  iKtwcrl'iiIly  lu*  «irrohiv<-  Niilitiiiiiitt'  m  k/| 
t]ie  umoimt.  AronHoit  iv]Hirtcil  tlmt  gruwili  of  It.  tjni/to»i«,  tt.  nnlJirrH 
<-;'m,  hikI  gins  c<x-ci  in  iHiuilloii  %vas  pit-vontcd  iilipnlutfly  t>y  1  [Mirt  io 
2U,(MHI,  and  very  imn-li  inliibitttl  by  I  in  40,fNI0,  'TIiiii  ((.llnwcJ 
«>lln-r  i-xperimeutflis,  and  within  six  vi-ars,  I'urnialdi'hydi-  luiil  Im-u  tlf 
Miii)jix-t  of  moiv  vxtt^'nnivo  iiiV4;sligutioi)  thuii  huo  ever  \iwt\  ck-vutt<l  lu 
any  otlier  germicide. 

With  ihe  iiiit<K-tuv(!,  Uonx  iiikI  Trillnt '  r<-|H>rti^1  tluit  ii  miiiilieraf 
pstliof^-nic  kucteri:i.  ineUidiii);  uiithnix  fiporc;!,  were  killed  ;  it.  Mlili' 
and  H.  miwco/cWi-iw  niirvivwl.  ftiM','  at  llie  nnine  tiiue,  rf|v>rtefl  riie- 
ccsf<ttil  Hterilinitiuii  of  ii  lar^i-  iiiinilKT  uf  vuridicK  tinder  difTeituI  ivn- 
ditioi]6  in  a  \skT^  air  n[acQ  (more  tltun  *i5,U0()  cubio  Cv»t ),  wiii^  3  \iMt ' 
of  formalin.  Slii|iliyl'»'iH'ei  in  the  iKieliet  nf  a  imir  nf  tninHTn^  wen'  io- 
etroVL-d,  but  otberi^  niure  proteeted  t^teajH^I,  althMi^h  the  colon  luirilliu 
U'twtTii  the  two  i^ide^  of  u  fi'l<le<)  iiuiltrcHf,  iipjianMtlly  x-till  iiinrr  pm- 
tested,  WM  killul,  Of  u  lurgi'  variety  uf  (Aperies,  iiieliidiuft  aullinui 
eporefl,  Jt.  pi/cifj/inieui*,  and  H.  dijihthrrue^  iIk"  only  expOM^I  (H^tiiisin* 
thiil  (WCaiHtl  vtere  B.  mibtUi'g  uiid  Ji,  tiuwn/eriotu.  Tliv  diiet  and  <»^' 
were  iiuilo  Htmle. 

Pfiibl*  foiiml  that  all  expt"*itl  or>!;]ini«m»  were  d<»troycd  hy  thr 
TrilUit  method,  but  that  dri<'a  Sbijjki/lococcaK  jit/ntfnm  aur*v»,  niitlint 
ttporCH,  hik)  tl.  iyjihmiiK  under  a  nnrsc'n  ti]irun,  aitd  crthen'  iindifl 
military  overeont,  were  not  affcctetl ;  diphtheria  bacilli  dri«I  o»  llin*!* 
and  a  fn^b  (li|iblIieriH  ngiir  eulliire  nnder  a  ^toolh-n  lilnnltet  w'-rril'^ 
stroyed.  Fn^j-h  typhoid  agar  eultiirw<  under  u  blnnket  were  nut  kiiti'l: 
Blit])bylixxioeii»  af{iir  eidliin-it  were  inhibited.  8tj'iiver,'  with  a  MOnbt 
aiitoelave  mnch  like  TrilUit'i!,  vaporiwd  SOO  oe.  of  formoetilonil  in  • 
mom  of  nhoiit  1,250  nibie  fi-et  eapaeity,  and  after  12  hour*,  Ifliiw 
thill  ail  oiyani^mmwhieh  hud  been  e.viKwd  wert-  d«id.  Imt  tlmt  u"di™» 
8|>oreH  ami  IS.  h/jihonim  in  a  tijrbt  eloset  and  anthrax  sporeB  in  llic  JpU* 
of  upholstery  wf  a  ehair  wei'e  nut  affeeteil. 

With  hoUin,  RoHenlxTg,'  ii*iinjr  about  4  cc.  to  tlie  cubic  foot  rf»if 
«l>iui',  !*(crili/rd  nil  Ilis  hvt  ohjeets  within  IJ  hoiir^.  Tbvy  tii-'lwW 
nntbmx  biiclll!  and  n|Kires.  »tr«>pl'>etieei.  and  tlie  litieteria  nf  diiilul""'* 
cholera,  and  typhoid  (i-ver,  all  on  ^ilk  ibivadg  wni])|ie<l  in  li|i>ttiii|C 
)Hii>er,  pliieed  in  [WK-keU  and  t^kwe*  iind  under  the  eollar  "f  n  <"*■■ 
Striiver,*  with  the  *«me  ag^nt  in  a  like  auioiint,  ivas  not  so  ttiiaw*!- 
He  ex|Ki!<i'il,  for  21  honi>.  nntbnix  i«]iori>  on  thrvnd*  und  the  tiflJ""" 
fever  baeillu§  on  pieces  of  lintn  :  neither  the  spores  nor  ll*t  ul'*' 
organism  pniteetcd  by  weveral  hiyei-s  of  r'otion  elolb  were  d<sin'y™' 
Jn  iDiulher  ex)>erimeut,  n»ing  nineli  IcMi  holxin,  tlie  tDpores  tint  prclcrfo 
by  several  layers  of  dotli  were  destroyed. 
'  Aniinlw  do  I'ln'tinil  I'lutciir,  ISPS,  p.  283. 

'  Keii-clnift  ftlr  ll*)tifiip  und  InfM-lioiuknnldieiKn,  XXIV.,  IfiPT,  p.  9* 

•  llmlun.  XXVU-,  IStil.  p.  SS7. 

*  Lorn  ciuto.  *  lUileiM. 
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The  first  pxperiment«  with  paraform  pastilles  were  those  of 
Aritiison,'  who  volnliliwil  2  \ttu>u\\iii  U>  fVi-ry  ^i.'i  ciihic  tW-l,  iiiid  nt  the 
end  of  24  hours  I'cmnd  that  hi«  test-objects,  which  iiiclti<]c(l  iuithrux 
jijwreK,  i*t»phylm«>o(ri,  strepti»eoci!i,  /}.  jti/oci/aneu*,  and  the  germs  of 
tul)erculo»ii>i,  diphthertii,  iintl  typhoid  fever,  on  jpnizc.  threuiU,  nnd 
other  mntcrial  were  destmved.  lie  repofltixl  the  test  with  hiit  half  the 
amount  i>f  piiniforni,  ami  iijpiin  foiirnl  evc-nthing  .ili-rili'  ixwjitiiijr  tlic 
anthrax  si)ores,  ttome  of  which  were  still  active.  Gehrke,-  usin^  2 
pHftillcv  to  euc.h  S-i  eubit-  ft^l,  titul  with  pnietit'iilly  the  .■<nn)e  te.'itHihJM^ 
as  Anmnon  had  UM?d.  found,  iift4.'r  '24  hours,  that  all  that  had  het^'ii 
ex|io,ic«l  wen-  dwid,  exin'pliiij;  iht-  anthrax  8[>or(y.  Fairhankn'^  with 
like  amounts,  reporteil  similar  results;  all  cxiMji^-d  (irtiunisnis  nnd 
dome  whi<:h  had  ln^eii  lightly  protected  between  piecee  of  cloth, 
and,  in  (wrtain  in»tjincc«,  otherit  more  eoiiiple>r:ly  protected  by  cUtth 
and  placed  lietween  liulkv  iirtitrlett,  were  (iestroyed.  In  one  wrics 
of  te-'"tK.  Hin(iii}r  tin.'  priitw-ted  objerts,  imly  tli<-  typlmid  and  diphtheria 
orgiinisins  were  killed,  but,  as  ueual,  all  the  exposed  gemut  were 
deatroyed. 

lu  a  «erie«  of  experiments  by  the  author  at  the  Patholofriwil  [jnWru- 
tory  of  the  Bocton  <,"ity  Hunpiul  in  ISti",'  om  a  preliminary  test,  only 
a  fonrlli  of  the  recommended  number  of  pa^stilc-'*  wt-rc  volatilixr-d  in  a 
small  room,  in  which  weiv  placed  test  objeclii,  only  one  of  which  (u 
HNieiir  iif  IH/ikxyierii^  inlrncr:Uidiiri«  mrntjufiil'Vif')  wui*  .'terilo  after  1 8 
hours'  exposure.  With  half  llie  recommended  number,  the  results  were 
better,  bnt  mil  witisfiu'torj'.  The  teMt-objciTts  intro<lncx.tl  were  papers 
smearx  of  anthrax  sport^s,  •'itaphtfloeocrn*  jii/ot/eiug  aureus,  li.  typfiottiii,' 
and  a  very  rii^istant  iion-piitltofifnii;  .iiHire-hcarinj;  bacilbi^.  After  21 
hourji'  cxi>osure,  these  were  found  to  be  sterile  without  exception,  but 
dust  from  sevend  plaeei'  in  the  room  pive  growths,  altlinii^h  from  olhen 
the  n')<nlt:<  were  ncjpitive,  A  siirftieal  dressing,  lying  in  a  pail,  yielded 
abundant  groMth  l>efoiv  the  ex[K?rinient,  bnt  later  waK  found  to  In-  quite 
Aterile.  Two  IVtri  platen,  ex[Hj.«ctl  for  20  minutL>s  after  the  room  waa 
aired,  showetl  7  and  4  colonies,  respectively. 

In  the  next  ex|)eriim'nt,  the  full  reconiitteiKk-d  nnrnWr  of  giastillcs 
was  t-mplriycd.  The  test-objects  were  smears  of  the  sinie  organisms 
as  before,  Iml  they  were  more  numerous  and  wi-n-  difliTcnlly  di^puwil. 
Some  w<-re  cnolnwiil  In  cotton  bags  befivily  sixed,  some  In  similar  bags 
wjiich  bad  liad  the  sizing  removed  by  boiling;  some  were  placed  in 
Erlenmeyer  llatkii,  two  of  which  wca-  introduced  well  int^>  the  middle 
of  a  hair  mattress.  In  addition,  a  nnmlier  of  moist  dressings  and  wet 
bloody  dre^-iingH  (■nehiM-d  in  critlun  li!ip«  were  cnipli>v(il,  Aftirr  20 
hours'  ex|>o*ure,  ciiltiircs  were  ma<le,  which  showed  the  follow^ing  nwnlts : 
The  smears  in  boiliil  and  unboih-d  luigK  and  ibe  slightly  nioiiit  dr&ts- 
ings,  alfio  encloiw*!  in  bags,  were  sterile  without  exception.     Tlie  wet 

'  Z«itK'liriri  fiir  Ilj^^cnc  iiral  liifcctiomkninklii-itcn.  XXV,.  1897,  p.  1S& 
'  Ueiitwhf  in«lieiniwlii>  Wwhtmm-hrift,  April  H,  ISIIS,  n.  242. 
"  (Viitmllibu  riir  Biikit-ri.>l»)rlL-.  rU:.  XXlll..  Ablli.  I..  ^»».  1, 3,  mid  10. 
'  Atuuricati  JuuitihI  <->(  the  Mi^ilkul  .'^:icni-»,  Jun.,  ISUtl. 
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bloody  dit'NiinfrM  ^>v('  nlxtiidittit  {j^mwUbi.  The  llnAktt  in  the 
ag;reed  in  results ;  the  typtioid  and  »tu|)hyUHiK\tw  MiRiiiy  in  CMh  war 
«tvrili%  but  tliu:«<>  of  nnlhmx  H]>orci<  aiid  of  tiw  iton-pathogfotr  tporp- 
bearer  wcn.>  unt  afftcttnl.  TIr-  «iin«  vf»n  found  ti»  W  iIm-  ttiw  wUiiihe 
Blucan)  in  u  Ha^k  lightlv  i>lii^'(^  with  i-ottoti  and  ^^taiidiu);  in  iu>  'i^irij 
doet-t.  All  fonr  vmu-iu''^  in  iiiii>l)K-r  ii|N-n  fliL>k  |ilm'iil  in  a  rl«^  rlivrt 
vere  tinaSbctcd.  Bui^t  cultiireii  fixHii  viirious  parts  uf  the  irwiii  vin 
D<^!|7)llvv  in  nlniost  every  isim;.  IV-foro  the  Innijui  went  liglitod,  it  Pfiri 
pl»tc«  wort'  expasLHl  for  25  Diinuti*^,  iin<i  yit-ldi-il,  n^jnt-livL-K,  M,  IH 
ami  ."):i  oolonioit,.alioiit  half  of  whioh  in  rach  ra-ie  wi-ri'  of  SlnjAyl'ftimi 
pi/oifOifA  alhtui  w'llh  a  fow  of  oi(r<nw,  and,  in  oiw,  of  nVjv«i-t.  Iliw 
mon?  plalcu  were  exposed  for  the  A»me  length  of  lime  after  the  woo 
w«j(  iiin-d,  and  rhe  result  wii*  pmotit-ally  nt^tivc.  Two  wJonies  rf 
mould  developed  on  one,  an<l  nothing  whatever  on  the  oilier  tv.v,  A 
rcpetilion  of  the  cxpt'riiiient  ii  week  Inter  with  the  !<unie  nuiulxYtif  |)*^ 
tilkw,  hut  with  only  the  uriginul  tef^t-object^,  gave  tin'  rronw  m^nn 
reHultf).  Preliniinnn' dust  onllure:*  r-howed  abumlaut  growtl»;alW 
20  hoars'  exjiosnre,  all  but  ouo  duel  culluro^  simI  tltat  froni  ■  dimi 
closet,  gave  native  renullii. 

Power  of  Penetration, — tVrtiun  of  the  curlier,  iin<l  an  ncmuwiul  oot 
of  thf  more  recent,  experimenters  have  chiime<i  for  t'omialdehytWa  BW* 
greater  (Kmetralin^  power  than  «in  be  c}([>laine<]  by  any  lnw  of  pliv^o 
or  cbeinistr}- ;  hut  it  \\^  how  ver>-  generally  agrei-d  that  while  tliii'  tpti 
18  be\'ond  doiiht  the  niost  |ioweriid  and  priH-lical  ilUtnfirtiinl  we  |<v 
eees  for  large  air  tpae<«  and  genenil  work,  it  ts,  in  the  gH<^-oib  fonBi 
merely  a  *urfiKV!  (liolnfeeliint  whieh  soimtinicvt doci)  and  ofUmr dm*  t/A 
penetrate. 

Ill  iiddition  lo  the  work:'  nin-nily  (pioted,  the  following  mav  be  rilM. 
Abba  and  Rondelli'  rejxirlcd  tluit,  in  the  interior  of  a  heap  of  (^olllioE 
and  on  filiject.-*  eovert^l  wiih  elolhes,  no  steriliKttion  wiif  cITcrtfll 
Poty  '  enyt-  that  a  nirefnl  nnalyfis  of  repi>i-tc«i  roiill."  «Im>w»  rlinl  il  o*" 
not  lie  dejiendcd  upon  w  hen  deej)  penetrati<m  is  re<|uired,  hiil  for  *u(l«^ 
fleinl  diMiireetion  of  furniture,  eh)thing,  and  1abrie.-<  whiHi  lauv  ^ 
freely  i^pread  out  and  exjxi^ted.  It  \s  of  undoubtetl  value.  It  cnn  lbi> 
be  rf!i<d  njion  to  iK-netriile  letter*'  and  other  thin  |m('kagi--i  pbi-eil  bt> 
air-tight  clininber.  To  thiw  last  i-tatenicnt  are  opt»o«c<l  ihi-  t*""''' 
obtiiined  by  Dr.  K.  K,  Spmgiie,  U.  S.  M.-H.  S.,'  who,  nitcniplinK  6» 
sleriliw^  ciiItni'CK  in  >;(ided  euvelo)>e£  with  the  Kinyoun-KraniT^  •li*'"' 
ftt'ting  apimratUB,  failed  every  time.  Experimenting  with  oniiiB'T 
objeetK  in  a  viieinini  ('hiimlwr  hcuted  to  90°  C,  with  n  vawiinn  * 
ITi— 20  iiieliett,  and  with  niiieh  more  fonnnlin  tlmn  cstn  be  u««l  iiiw»^ 
onlinaiTr*  eirenmstiinctH^SSO  iw;.  \*a|Miriiutl  in  fiS  ciilnc  ftti — he  fi»** 
that  ho  cnunut  HH'<immend  it  "  even  when  combined  with  s  high  ifp^ 
of  heat,  as  a  disinfeetjiut  iijion  which  relianec  cnn  alwny.-*  Ih'  |Jao(d  f^ 

I  %ilichRn  far  Tlvitleni-  un>)  1iirrclK>n4knmkb«{leii,  XXVII.,  18IW,  o,  40. 
'  S<w  Ywk  MMliial  Joumnl.  (hi,  Irt,  i»97,  ji.  517. 
*  R«nort  on  Foraialdchjd   Di>in(('i,|ioii  in  a  Vri-iiiiui  ClHaibcr,  Ttmiw?  PtT*>f 
BMiit,  WMhington,  tlavernnirni  iMniiiiK  Office,  ttK)9. 
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tli<>  trciilmviil  of  nrlirlcA  nM|uiriii|r  miioh  (tcnctrnlioii,  I'siH'rinlty  wIr-ii 
t)i<'  <-x|Hisurf  i-  liinitfl  lo  a  linlf  litiui'." 

Wil^im- '  i'\(MTii-iicc  leil  liim  to  rrnort  tuiversely  on  iu  [lenctRttivo 
power.  Oi^mi^^nifi  prutnjtwl  by  (Ik*  rnld^  of  u  bluiikol  wcrv  not 
IJuIUhI,  Pl'iilil '  wiirus  us  agnmht  exivctinj;  nvnf'  lliiin  it  ("an  |K-r- 
|lbrm,  and  ^ix"*  lluit  il  will  always  !«■  mily  u  r-iirtlur  di^'iiilii-liiiit, 
iHrt  t<>  Im-  ri'liiil  ii|i'>ii  ('I  infliK^im-  miitlorn  only  ^li^'iitly  L-iivtix-d  nr  in 
ilii»t  wliicli  lif^  in  iiK^i>i)i'aI>i<.'  lliickiii.-:>H  In  i-mck."  i>f  flmirs  am)  »ulln. 
He  demands  a  \o^  severe  lest  of  a  dlsiiifevtaot  tbun  tlit-  aliiltty  to  di^ 
Anty  anihrax  simh-c*.  and  il-*>ci"U  thai  when  IVinwaldilmlo  in  the  air 
will  kill  St'ifJii/lnroccii»  jfj/nt/cuea  itiirtiui  dricl  on  >ilk  (Im-ad*,  oiIrt 
|aith<^-tii<-  oi^.niiniiiH  whii-li  i-nt<T  int"  houw  iWAnUwiMn.  the  !-trf|»t<i- 
Liicei  utid  the  bcirlGi-ia  of  cliulei^  diplitlieria,  liilh^TeuUK'in,  uud  t)'[>lioid 
fever,  will  be  dewtntyed. 

It  ij<  iin|v>rtaat  to  b(«r  in  mind  the  luck  of  pt'iictratinfr  power  of 
forma Idehvdtr  jpis,  ^nce  a  di^ri'piitl  of  this  fad  will  cjiuhi-  miirl]  ^•llj^- 
|)iwi.il  <li!>infi*('li'iit  til  Im-  It  jiiisitivi.'  tl'iiifji-r,  Ih-i'jiiisc  of  ovi-r-i-cniticli-iuv 
in  the  rtrHiilis  actually  achievwl.  Therefore,  in  practice,  uU  obt^tacles 
to  tlioroiigli  di^Honiinatioii  iniixt  lx>  rt^inoved  ai«  far  an  \n  pon»tbU>. 

Oo&dltdonfl  FavoTiQK  Action. — Concerning  the  inflticntv  of  moiAtiirc 
nil  the  ellii'ienoy  of  fornmldi'iiyde  gnu,  there  is  a  di-iidi-il  ditVi-ivini; 
of  opinion.  Abba  jind  Koodilli  '  Ik-Iicvc  that  drynosa  aids  the  pitie- 
B*i.  Symanrtki '  r(|iorl--  that  it  aet.-i  bi'st  in  dry  air  witli  high  teni- 
ln-nttnroK.  Kobin»oii  *  ri'pirdf  4lnnipne«e  mt  tt  dimidvatiiage.  Tnllnt 
ul-ui  b<-lii-ve)i  that  the  pre>it-iioe  of  moiiitnre  makes  the  n^nlln  nnccrtain. 
On  the  ntlii'r  biuid,  Strehl"  in  of  tin-  opinion  that  nioistnrc  cnbiinceB 
itf'  sK'tion  ;  Xovy  maintninK  the  same  view:  and  llamm'-rl  and  Ker- 
mauiHT,'  rommenliii}^  on  the  n.-ie  of  |umfonii  [m.Htilh.^,  iiKM-rt  that 
tiM*  prrMt<*«  ij!>  effective,  if  -nflicient  nioistnnt  if  i-tipplieil,  and  iveom- 
ineiid  va[»orizin}!;  fonr  times  the  amount  of  water  neees-tary  to  .<Haliimt« 
tiM'  air  nl  the  cxi'^tia);  li'in|>i'mlun-. 

TIte  iv«inlt*  olttiiini'd  by  the  author  in  the  ex|>eriment.*  abovi-  luen- 
ttoiied,  and  in  other  tiT-I^  with  t'iillur<-»  and  dtrolorixed  liich»in  itolutiou 
In  ciiIm-h  and  tla«k>>  tflopjHi]  with  absorbent  cotton,  led  him  to  ibe  enii- 
cln-ion  that  jieneti-ation  U  inHncmvil  largely  by  nioiMnixr;  "  throUf;K 
dry  [tervions  :<iibitan(H-.-<,  a*  enltun  cloth,  absorbent  cotton,  hair,  en-,,  it 
Bpiiean<  to  jwnetrate  more  or  less  easily,  bat  not  always  ia  Mitlicii  nl 
ainoinit  to  exerl  prrmicidal  action.  ...  In  the  prcwncc  of  aioi-tnre 
tin-  |K'nctr»tii)g  jjower  is  pi-aetiadly  nil."*  With  this  Atalejnenl, 
Kidi^d'  d<«w  not  apltH-.  He  snys  :  "  Inasanii-b  iv>  the  vn|H>r  is  no  hoI- 
ubk-  in   wnler,  one  would  ex]wct   that   materials   previiiasly  moif<tene(l 

'  BfOfiliNii  M«ili(iil  JiHirruil,  Nov.,  IS«7,  \i.  "41. 

'  Zreitielirift  fur  llygicn«  and  Infc<!li<>n*kninhlirilcn,  .WIV.,  IX&T.  ]>.  28Sl 

'  Ibi.km.  .XXVIII..  IfiflS.  (I.  21H. 

*  Nimli  Kirpon  of  llw  Smit  B-wnl  of  llfnlih  of  Mmino.  18B«,  p.  180. 

*  CcBlnilblan  fllr  Id k(pri,)l< .»!.-.  h<-..  X.VIX..  WM,  p.  7)». 
<  Mina-livni-f  iTiolifinlnlK-  \N'in'li(-ii>vlinrt,  .V»t.  ti  iiitl  •Hi,  liiaj«. 

*  Lata  citalti. 

*  Dkinlerlinn  nii^  DUinft'ctaiiiH,  iA  ICilltbn,  l«ndnn,  ISDH,  p.  S33. 
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■»i»ui(l  ui)!!Wrl>  iiiorp  t>r  Uie  gas  llian  drj-  fabrics,  uutl  thnvfore  show 
greater  efficiciicj-, »«  I  Iiavo  Unimi  in  niy  (*x|»oriMi«>i*'."  But  wW 
iIh!  hm  is  alwvirlwcl  liy  moisture,  it  can  im  Iiiii):cr  act  ae  a  p*^,  btil  u 
a  soliitioii  wfii'r))  \\a*  iillliictict:  in  nHu,  an<l  iiiiiv  gtvv  off*  lunM^  lu  llie 
jiiirrs  ill  its  imHi«!iliate  vicinity,  Uiibmr  nml  IVn-nbi"?!!! '  «i_v  thii 
tlie  drj-  gjii«  liiiH  INI  iiiflii<-n<x'  on  drj-  oly«;ls.,  t)ul  if  llw-  olijit'tfi  an-  im 
wet,  iIk  concent  rut  ion  uf  itiv  fornuiltlvhydt-  eolution,  fonnul  by  uld.<ip- 
lion,  is  too  wmk  to  hv  i-ifiTtive. 

Tlio  a(I\otTiti>f  of  the  llrt-slmi  iiM-tluHl,  von  Hninit,  Flflpjif,  anil 
others,  n-^nl  tlie  concomitant  lilH'rntiuii  of  stt'ani  ui<  a  mot-*!  <'(W>ntlgl 
part  of  tlu'  piixri.'ripi,  on  tlu'  gi'iniixl  lliat,  uk  tlit'  nioi.>liirr  rotMleii'^  on 
die  walls  anil  contents  of  the  room,  the  gas  is  absoriwxl  and  llwo  nrt* 
dingily  oii  the  object  in  i\w  IVji-ri  of  Milulioii. 

It  ie  ajpxc*!  vcr\'  K^'uciiilly  that  a  liigb  tcni))cnit(in>  ii^  mwt  "m- 
<liii'iv(-  to  ^(iihI  re^ult-H.  Al>ba  mid  Uondflli,  Trillal,  Symau'ki,  soJ 
o(lici>  wliosf  works  have  Ihcu  qiMtJ,  and  IviiiiolT,'  art-  of  llii»  miwl 
JJrougb,'  whose  esperitnic*-  in  public  disinfection  is  largv,  report*  ikl 
tow  t<'«i|KTaturc!<  urc  di-cidiHlly  dctriniontHl. 

Toxicity. — Formaldehyde  is  coiiHiioiily  ifgardcd  as  niiii-jxiL-«n(M> 
ibr  liijflii'r  oipiniMiis  itmlir  oi-diimry  condititniji,  mid  most  i-x |»nnn-nl- 
en  who  luivc  coiitincd  animals  in  spaces  underrating  diMnt<^v(i'>n  li«vt 
reported  no  p4-nii«nfntly  injurioUH  effects.  Aronson,*  m  lKd'2,  iion>l 
tbc  c-ffV-cl*  of  till'  pij-  on  f^iiiiii'a-pifri  confined  for  an  boiir  in  iiii  bUh*- 
pbcre  strongly  iniprt^'nati'd  witb  it ;  iboy  showctl  great  dim-onifurl  ami 
Mn(»n«in<w",  bill  on  removal  wmii  r«f-iiv<'rtHi  4'iiin[>l<-t<-Iy,  He  n-j^diJ 
some  rcHullfi  of  experiments  by  Zuutz,  who  determiiwd  tbc  fiitnl  ^I'x^- 
tai)eou»  duM'  for  rabtiittt  to  bo  0.240  g^rain  per  kilo)rrnniof  Ixidy-vrighl- 
In  Aronton's  later  experiments,"  giiincii-ptgs  and  lubbils,  left  Mtmipil 
in  rooms  containing  an  jimniiiit  wiftieii-nt  forpractitti!  disiulectic", "W 
found  to  U-  alive,  and  on  JH-iiif;  killcil  i^IhiWihI  no  fvidcDC*  etW  "f 
serious  irritation  of  ibe  bronchial  mncosa. 

Folt4!vin°  found  that  a  2  [kt  cent.  Kolution  in  8ubculai>eom  <Io^ 
of  0.2.D0  (^m  jier  kilogram  was  iSital  to  guinea-pi^  in  u  few  Aty*. 
and  that  iiihulntion  of  rbe  VH]Mirs  was  liki-uisc  fatal  in  2  or  3  ilaj"^ 
Trilial  sjiys  iliat  it  is  loxic  only  when  iiiliabHl  many  hoiini,  Ixil  p** 
no  delinite  numlKT.  Dc  Sehwcinitz  exjHwtii  a  calf  for  .i  bout*!  ■' 
Rhowed  no  ]virticii]ar  distress  and  soon  pccovwvd  pomplrtely  in  f"* 
jiir.  Kohert  exposed  gninea-jiigs  for  ^ii  bours  without  rwull* 
Fairlmnk^  expoMil  niio'  mid  nibbits ;  Ffubl,  white  tnicv;  1^' 
gnin<-a>|ii):^,  mice,  fowl?,  and  insect-',  and  no  dmtbs  <M.-cum'd.  IWv' 
time  of  exiHjsure  was  trom  It  to  I.t  houni ;  h<'  noted  oecasioial '^'' 
denw  of  inlhittmialion  of  the  respiratory  tmd,  btit  notbluf;  nioR. 

Op|>oscd  to  these  negative  findings  are  positive  res'ultti  obeent^'? 

'  llvpillisrhc  Itl1IiHi>rliiiii,  ISl'li,  ji.  2(tt. 

■{'pniinlblnil  Tiir  Bakiiiiolo;;;,..  XX)I.,  1X97,  |i.  .W. 

'  Tnii»a(-llimH  of  \\w  MiimcliiMlIn  Mcrliuil  Sovidv,  1898^ 

*  llrrlincr  kliniitlir  Wwfipnwlirift,  m-'-i.  No.  .Ift 

*  ZcilH'hrin  rUr  IlvK»-r>p  imil  iKfi^lmnKkmnklirilm,  XXV.,  1807,  |k,  IGk 
'  Adq«Im<I«  riiistilui  l^wlpiir,  Nov.  'io,  1801. 
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Bniugh  and  the  author.  Bnxig'li '  )>)ii<  n-|K4it(iily  foimtl  ttint  oite  und 
<li)p<,  uccidenljilly  overlooked  iu  rooms  undfrgoing  difiiniectiou,  liave 
becu  tiDfibk'  k>  Biirvivc  vwn  iiiilil  tin-  door  wiw  oiR-iK-d,  Hi-  iiwUa  thut 
llic.x  an-  always  killed,  and  bedbugs  al.so,  when  not  pnilerted, 

[ti  sin  cxixrimcnt  eondm^k-d  by  llie  iiiitlinr^  in  a  mom  of  7,*>(iO 
frnliii-  left  t\i|)acilj-,  in  u-bicb  (J-JO  cc.  of  formiilin  were  vjumriwd,  two 
rabbiirt  wcii-  Ii-ft  over  night  in  a  wire  cjige.  Sonii  after  the  ga.-*  began 
to  be  generated.  l»oth  iiuiuiaU  (^howe<l  ividenee  of  great  tUiM-onilnrt, 
but  iit  the  end  oi'  1  .■)  hoiin*,  when  tiie  room  was  o]x'iK>d,  neither  appeared 
to  Ih.-  miidi  afleeted.  But  it  .'•h'lnlil  be  nolii)  that  llie  ainmint  m1'  for- 
nialin  used  wa.-  noi  large  inr  the  air  ^paee — no  more  had  Iwen  vaiwrized 
IjetMinBc  of  tlio  inellicienl  working  of  the  gi-ii editor.  On  the  tftllnwing 
day,  2,150  cc.  of  formalin  were  iisetl,  and  in  the  morning  one  rabbit 
witrt  (lend  and  the  otluT  alive,  but  hniitbing  through  the  month  with 
great  fliffieuflv  :  he  improved  notieeably  within  'i  lionrs  but  liiitl  36 
hours  lati-r.  Both  aninmlH  wi-n-  niibjii>u>.l  lo  (homiigh  examination  in 
the  I'athologiiad  Ijiboratory  of  the  Boston  City  Hospital,  frnni  the 
reeonls  of  which  the  following  desi^rijition,  which  evidences  the  very 
*'Xten?ive  poi^onoii*  aetiori  of  the  gji»,  is  taken  ; 

"  No,  1.  Sei^tion  of  the  congiie  sliows  nothing  abnormal.  Seetiou  of 
iiuieon.'*  nivnihniMi'  of  the  month  shows  <ie-s(pi:imalion  of  tlie  snrfaee 
epithelium  with  hemorrhage  and  intiltration,  with  lymphoid  cells  in  the 
tisMiie  lKnK<»ih.  Sitlion  of  o-Koplmgn.-*  is  normal.  Tliei-e  is  no  pneu- 
monia. The  liver  fihows  markeil  injection,  with  gninular  and  fatty 
dcgi'Tieriition  oC  cells  iiriinnd  llie  ccntnil  veins  of  lobnli's.  Tlii*  lyni- 
|>hatic  gland  f-how^  some  dilatation  of  the  lymph  j-innseii  with  hemor- 
rhage.     In  the  kidney  llien^  is  slight  tk^neration  of  tlie  epithelium. 

"No.  2.  In  the  liver  there  i»  con>iideniblc  dilatation  of  hepatic 
veins,  with  some  dt^nenition  of  liver  cells  in  the  a-ntn-  of  tJie  lohuhw. 
The  kidney  is  congestcil.  The  epithelium  of  the  cotivolutefl  ttibules  Is 
somewliat  swollen  and  granular,  and  there  is  a  small  amount  of  ormgii- 
lated  iilbnmin  in  the  iMpsiilar  sjitu'c  of  tlic  glomeruli.  In  mtiity  of  the 
convohiti-d  tubules  there  is  more  or  less  granular  and  einular  retieulnm, 

and,  in  ptace-s,  dcsi)uamation  of  I  In Us.      Thi-  spli'cn   show*  a  slight 

iunoinit  of  hemorrliapi'  in  the  pulp.  Pancreas  shows  no  change.  One 
of  the  lymphatic  gland.s  shows  a  marked  ilcgree  of  (inlema,  with  for- 
nuitioii  of  tihrin  in  tliu  lymph  minuses,  To  the  lung  there  in  intense 
bronchitis  with  cimsolidation  exti-nding  Into  the  surrounding  lung 
lissiir.  This  is  more  marked  in  tlic  very  smallest  bronchi.  tn 
tmc  place,  in  the  centre  of  a  f<wus,  there  are  numbers  of  short  bacilli. 
The  exudation  of  (he  alveoli  i*  almost  ciitiR-ly  purulent,  with  some 
Inrgc  cell*  mixed  with  pus.  In  another  place  in  the  tissue  there  were 
numbers  of  large  bacilli.  Thi-re  is  only  a  slight  amount  of  fibrin  in 
llic  exudation.  In  miother  portion  of  the  lung  tlieiv  were  ven'  much 
larger  foci  wliieh  were  tilled  with  nrgvmisins.  All  tlie  blood  vessels 
the  lung  aiv  gr«illy  injwtwl. 

"  It  is  difficult   to  explain  the  absence  of  bacteria  in  the  e 
'  Loco  dtkUi.  *  Ibidom. 
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nin(l<>  fmin  tlu>  liiiig  in  the  gecnacl  case.  TIte  j2(>iicra]  chanictrr  of  the 
li^ioiif  in  bfitli  iw'ci*  »liowi>  tin-  luli'iii  of  n  Miliiblc  ohmnicul  puinmnn 
the  tirtsiies.  The  changes  are  niiioh  mure  niarkw]  in  the  wound  (3» 
flmu  ill  th«  first,  but  in  btilh  llicy  are  of  Uw  winii?  gotit^rnl  <-)Linrl«f.'' 

In  unotlicr  cx|x'riincnt  iu  wliicli  tlu-  voliitiu'  <■!'  foriimlin  i.-ii|>'ininl 
wn.-*  Diit  Millioieiil  to  (Icntmv  inon-  ihnn  a  tmialt  )>r<>|t<>rti<in  >•(  ilir  ust- 
obJ(vl«,  a  iiuiiilii-r  nC  hnu-Ikk  in  n  f^lixi^  ilifli  c-ovcrctl  with  wirp  gwne 
wro  killixl ;  and  in  otbera  eon<liict«<l  in  a  glass  cjibiiiet  in  u-)ii>4)  ^nill 
viiltniiw  of  funnalin  werv  vapurmtl,  tticf  wen?  xi-n-  ijuivkly  killrJ, 

A;r>i>i»t  iiiosi|uit<H-(i,  RuHoiinu'  finds  formaldehyde  to  bt  ftr  itiferior 
in  lilt  n^iKM'tii  I"  :<iil|)luir  dtoxitU-. 

Amoimt  Necessary  for  Room  Disinfectdon. — The  anir-iml  of  fomul- 
di-iiyil^-  iK^'i.itt<ii-y  to  <Ii.->iiili'oL  any  givoii  uir  i<]si<v  (KikihU  vt-ry  iiiuch 
ti{Kin  the  l)ioroii(;hmi<«  with  which  the  e§m]ie  nf  the  ^as  b  prvtvulnl 
during  thi'  time  >;iv*-ii  for  ai-tion.  I'lidcr  ordimirv  ciiiid!li<in.>  himI  ^A 
The  ohw^Tvanoc  of  all  n-asonabk-  fintuuitiimsi,  il  in  p-iiemlly  agrwl  ihjl 
for  wiL-h  1,00(1  cubic  fn-t,  a  pint  of  tomialin,  or  ut>oiit  fiO  (u^titlpi  of 
|Ntrafonii,  oiiglit  lo  Millii'v.  Slrfivor'  would  lutf  4i  {juflilli'e  \kt  I,MI 
cubic  fcL-t  uKui»»<t  !i|iorelt<Mi  btictoriii,  hut  in  |ira<!linil  dt^iufii-lion  xw 
cannot  Hhvay.4  diwriiiiinAto.  FlOfQ^-^  ailvim^if  Ituil,  in  rinuill  rmm* 
ooDtuiiiiitg  tlic  iitiiiid  uraoiint  of  funiitiire,  the  number  of  jstsiillol' 
increased  from  2  to  2.5  yter  cubic  moter,  or  to  72  per  I^OIXI  cu^ 
f«■^ 

With  tlur  Bn«lan  mcilKKl,  it  in  flaimi:<I  tluit  V-sa  thnii  hxlf  a  [linltf 
forntiiliii  (IW  cc.)  will  i-iifllw  for  l.lKH)  t-iiliic  fcrt  with  7  hwift'' «■ 
im^iiii-.  Novy '  ftlso  ix  .if  tin-  opinion  tlmt  in  tlw  piVfx-iMv  of  siiifiwi'' 
luoisturr,  t-vcn  Ii-s*  will  be  foniid  adiijuiitc ;  namely,  lo«.  Pnivictnl 
liic  pw  ii*  prcvontfd  from  (wnpiug,  tlu'it-  aia  In-  iki  dmiht  tluil  tl* 
smaller  amounlfi  arc  ofi'orlivc  within  much  Ifw  time  tlmo  tlmt  n^ialiy 
(rivi-ii  in  pniclicid  work.  In  a  (ierit-pi  of  DxiierimcDtA  in  h  pnKtially 
air-ti^ht  ffliws  i-uhincl,  ii.iiiid  im  tcst-ithjcrls  Fmi»r!>  nf  nnlhrni:  -pun*. 
i^ftji!ii/hr<iiyii»  jii/o</fiu-«  ("trriin,  a  highlv  resitttent  tMHi-psitlKyciiir •f"*'" 
iH-arcr.  and  tiic  Uicilli  of  dipbtlu-riii  mid  typhoid  fc\'er,  llic  authxr  f-iunJ 
e\'er\-thiii|r  sterile  after  two  mid  a  half  houm'  ex|MisuiV  U>  an  alcii'^p'i'** 
coniiliniiif;  llic  I'ljiiiviilcrit  of  110  iv.  furmaliti  in  1,IWM>  nil-ir  '■'*■ 
U^iriR  it  to  the  extent  of  about  a  pint  to  the  1 ,000  cubic  f«^,  llw  ■^"^ 
re.Hult  wan  nttaincd  in  Uw  lliiui  n  half  hour. 

Siaxdvantages. — The  princi)>!d  dii^ulvantn^*  olxH-rA't-d  in  dirinrccH'^ 
by  fornialdehy<le,  np.ide  frtmi  il«  eiint,  which  is  eonsidenibic,  is  ilic  <«"' 
whir-li  ii  somctimcH  ver)-  ]K.'i>i-teiit.  cfiHi-ijdiy  wlnii  muvii  ioni>1uW 
is  prest-nt,  im<l  which,  ejtccpt  nii(I<T  venp-  unu^iuul  conditions,  i>-  |'Ui»'! 
iwn'cptible  oiil^ide  llie  n»om  in  wiiich  the  giii»  is  dtM^nf^ii^wl.  ran''.*' 
however,  this  is  a  transient  tmubh-,  and  is  met  by  tbomueli  ai-reiw*** 
If  dit^tiicd  iidvimblv  on  tlic  i<ciirc  of  naving  time,  nud  wlivii  thi-  p)' 

'  Ballctin  Jio.  C,  of  llie  Hy^pi-nic  I.Bhvnil<ir7-,  Wiuluiiirtiin.  SrpUnW,  IV 
*  I»ca  «italOi. 

'  ZnitM-hrin  fUr  Ilri^n  and  ItifnruoTMkniiiliWll*!),  XXIX,  1898,  p.  iH. 
'  MiHliiTol  Notni,  IHflS,  |i.  mi 
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bei>n  absorbed  hy  the  rnndRnA<>d  moistiin*  on  the  wa\h  and  turnituiv,  it 
mny  be  iiciitnilizol  Uy  mi'itiiiK  of  miinionm  wnttT,  which  mav  ix-  cx|iii»c'd 
!n  the  I'cKtni  in  shallow  <li.''he>i  or  vaporixix)  from  a  lla»>k  or  ollii'i'  appn- 
Rilii!'  and  niiulnrtiil  into  tiif  nn»i\  liv  tni'iin.-<  ol'  :iii  onilct  tutu-  llinni^h 
the  keviinle  ot'  tlie  dimr.  I'^Iiigge  rociininiendii  the  latt«-r  ntetlnKl,  and 
advi.sos  tiic  ns(-  ■■!'  iiUiat  120  vt:.  of  t\u'  2'>  jnt  (H-uL  ititUition  to  cacti 
lOO  cc.  of  form  all  II,  and  320  cc.  tomcL  100  im^tillesof  jmnirorni  ii^icd, 
Artich-s  of  dolliinjr,  stuftlii  furnitnn-,  and  tlic  like  must  otherwise  re- 
xjnire  soiuclimeK  sevrrnl  <iii_vs  of  nii'ti);. 

Teclmlc   of  Boom   Disinfection. — See   under   I'ractioal    Diainleclion, 

Other  AppUcationa  of  Formaldehyde. — Benides  its  iiae  in  the  gaseous 
liliitc  fi.ir  lion!<c  dirii II lection,  tornmldchvilc  in  the  form  of  iCri  tKini-nns 
Milntion  is  well  adaptd  to  the  lituiiliziilion  of  urine,  ficcc's,  t<j)iitnni,  and 
olhtT  wa.>lc  proiliict",  fnrniliiri',  wood-work,  toili-t  articles,  and  oflicr 
ul)ject«,  and  it  is  also  valuable  as  a  diixlunint.  iu  the  dl^inrcclion  of 
urine,  the  ndilition  of  n  tew  di-oiw  of  formalin  to  a  quart  will  be  found 
U>  jirodnce  sterility  within  an  hour.  Tubercnlmi:"  ^jintuin  uiul  diph- 
theritic  membnini's,  covered  by  a  suflieient  volume  of  a  mixtiii'e  of 
nliont  one  and  a  half  Iiiblc7^p(x>i)fiil.«  of  tornialtii  in  a.  ijuart  of  water, 
are  sterilized  within  2  hours.  Liquid  stools  plus  an  eiLjual  volume  of 
the  ^trnc  mixture  are  (llMiifc(-lA-<l  cnmplcfly  within  the  same  period. 
Walter'  states  that,  with  this  strength,  fset*:-*  are  deo(ioriz(Hl  in  1 
mimiti-,  and  tliat,  tnjiicd  with  10  jH-r  cent,  solution,  thiy  are  sterilised 
lu  10  minutes.  He  states  also  that  a  ft  per  cent,  solution  applied  to 
the  harid«  destroys  all  adherent  or^ninnis  vfry  quickly,  cspw^ially  if 
mixed  with  alcohol. 

The  mixlui-c  )tlH)V<>  mentioned  is  very  efficient  as  a  wash  for  furni- 
ture, \\ooil-work.  and  other  objects,  for  sprjiyinK  citr[>i't»  am]  woollen 
clothing.  ett\,  and  for  soakinj^  bed-linen  and  other  washable  fal>ri<v*. 
A  talile*|MH>nliil  to  a  quart  of  water  will  remove  all  iHlor  Imni  the 
hands  after  autopsies,  and  will  deodorize  other  i)arts  of  the  body  to 
which  it  may  be  applici). 

Prevention  of  Dissemination  of  Infectious  Material ;  Practical 

Disinfection. 

Even  with  the  best  disinfectants  available,  and  with  the  pxen'lse  of 
the  f;ri'aicst  care  iu  their  ap])lii-ation,  |ii-a<iicJil  di^inftH-lion  is  l»y  no 
nu'uns  always  effective  in  preventinf;  the  tRmsmis^ion  of  infective  ma- 
terial to  new  fertile  ground.  Hence  it  is  advi^ible  and  neces-an^  to 
keep  the  infwtcti  arcfi  as  small  as  possible  and  to  pivvent  the  ncnimii- 
latiuu  of  infective  material  bv  destiviving  it  c<mtiiinoiisly  and  as  quickly 
as  possible  after  it  ik  thrown  off  by  the  ImhIv-  \Vilh  the  exercl**;  of 
due  care,  the  waste  pnxhicts  wliich  act  as  \'ehicles  for  the  infi-etive 
aRents  of  our  common  and  oecu.-'ionHl  scourges  may  be  so  etfivtivcly 
dealt  with  from  hour  to  hour  and  from  day  to  day  as  to  make  the  after- 
'  Zvits:brifl  tiir  llygii-ne  utiil  Inft-'i-iiunskninkbdlvn,  XXI.,  lASHi,  p.  4il. 
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In-ttUmiil  of  t)>«  room  nncl  ite  (H^ntenU  eomewhal  or  a  mera  form,  uir- 
rietl  ntit  u«  a  niutlcr  of  routiii«-  |>nic(i<H%  or  in  order  tn  mxlcc  ftwiiraiuv 
ddiiblv-  sure, 

Ai'(!<>nliriB  In  tin-  imliiri'  «f  tlie  (Hkuiw,  lh«*  agiiib*  rcsitHntli*- 
cliuiyc!*  rnmi  till'  iiiiiutli,  nor^c,  :iik)  tliruiU  (iliiihtlicrui  utu!  {)rilii«i»), 
ill  x|iiituui  ()nilmi)iiury  tiilnrouloni.-^,  iiitliicuzii,  aud  piieumouia),  iii  ilia- 
cbar^ni  from  the  buuvli'  (ty|ilii>id  fpwr,  rliuk-ra,  UyM-nu>r>',  aiid  tuW 
(?iil<Kii.i),  ill  the  urine  (lyplmid  fovor).  and  in  matters  ihnivrn  fJS  IitiIw 
»kiii  (jiCTitf  (•jtjiiithwmitii).  'rhcrcrnn',  thf  fimrsc  in  In-  [lumiHtl  ilitriim 
ltn' <i>iitiiiiKiiH«  of  a  slckrit'ss  or  Lvn va I i^cdice  varies  ancanlio]!  Ii' thr 
iiiiliirL-  iif  tin-  dini^.-^K.-. 

The  timilation  of  the  iiiffctcd  urea  uod  of  the  amount  i%t  tnatcritl 
which  may  n-ijiiiic  dintiififtion  on  the  ti-nniiiatiiiii  of  iIh-  iti.-vtiM- slinulil 
W  11  msitter  for  iniiintliiitc  m-tioii  mi  tlic  ili-covcry  of  tliu  i'!(i>lwiir  of 
tlw-  diwi'iif*.  Till'  iMiiiiMil,  i-s|HvialIy  in  lh<-  «ise  of  t\w  iionii-  i'SuiiIh- 
iiijilii,  xhuiild  U-  pluci-d  ill  a  r«t>ii)  wliich,  if  ]Mcs»'ibk-,  may  In-  iwjWl 
from  tlip  rest  of  the  hmisc,  and  from  wliidi  all  uunepes8an-  funitiiirr, 
i.>-*[Ki7inI1y  of  the  ii])hi>l>i<-i-cd  kind,  tuin^iiipi,  eiirjH'1'',  mid  mif  bvf 
Iweii  removed.  I>i>-iiire(:tam«  for  tin.-  [>ivni|ii  tri'atnifni  of  iiifali«f 
mmiiT  slii>iild  111-  kt])!  m-in-  m  hiind,  top-ther  with  a  8uffioi4.-iil  iiiiinl*T 
of  ii]>[>i\>i)rtiile  vc^H-lI^  and  iiteni-ils. 

In  order  to  pivveiit  or  n-strifl  the  mrringv  of  hviiij;  orf^iii^mi  (^ 
the  liioiti,  iiign-M'  i^hoiiM  Ix.-  denied  to  nil  whose  pn-seiict-  i?  iinm««- 
NiiT ;  the  w«iriii(;  of  other  lluin  rotton  and  lineii  <hv--*^!i,  llisl  ^i 
i^mootli-^iiifhi-etl  iiiul  «ii>lmMv,  \>y  tlie  iilleii4)itnli>  ^hniihl  lie  iiil<t*iirlin; 
nil  fiHHl  re  I  Dili  II  der  .-ihnuld  he  taken  away  to  be  eon^iunied  l>y  ollicts;  i" 
ii!*<l  bcd-ltiion  or  hwiy-liiieii  n-iiiovi'd  iiiitil  after  iumifniion  in  di*'''- 
fei-tiinl  »i>liiii()ii8,  nnd  no  disolmr^^  finally  (li3)iOAe<l  of  iliilil  uil'^ 
»p|inipri:ile  Ireiilnieiit.  If  it  he  ni-ei-ssiiiry  tn  ii.ti' the  hrooni,  ibf  ilt»l 
Hhonid  be  kcjH  diiwii  by  the  nse  of  wet  vuuilii^t  or  tt-jt  kiivi-s.  w^^i<■^^ 
with  the  f^ithei-ed  dirt  and  du.tt,  should  he  treated  with  di6inf<rtu» 
and  biinied. 

I'lider  m>  eircimistaiiee.'<  Hhoiild  the  priiee;*  known  as  "diWIinft 
which  !■  nicnJy  (lie  (•witterinf;  of  dti>i  ihmiiyh  the  air  from  siifftw 
where  it  -vtu^  at  m<t  and  njxin  whieli  and  elr-euhen-  it  will  n^I"  I'' 
depo-iiteil.  he  allowiil,  but  sueii  »iirfn«-.-i  nhonld  he  wijwd  witii  cl'ill* 
moii^lened  with  or  wniti);  out  in  di!-inf<-ctant  dilution  mid  nftimM 
noiikiil  and  Iwilod.  Ac-i-oi-din;;  lo  t-i-a.^on,  the  windows  sboidJ  t*  pi'*' 
viilwl  with  wire  wi-eeri*  tn  keip  out  ftJes.  which  not  only  »l\-  iin  iium'?- 
BiMv.  Imt,  through  their  habit  of  visiting  all  manner  of  cxcnto  »Jw 
other  tilth,  nc-t  iif  nirriers  nf  iiifo<-lioti. 

Disinfection  of  Faeces.  —  The  dischar^K  from  the-  buwrb  in 
ly|iliiiid  (ever,  dysentery,  <-lioh-i-ji,  and  intestinal  tnl«-n'iili>iis  kIsxiW 
111-  riTciveil  in  ve*«-l»  o^>iit;*ininfr  an  ani«utiit  nf  ili-^inftvUial  »!"' 
tion  ei|ual  to,  or,  Iielter,  larn'-r  than,  the  probable  vohinir  "f  *'* 
disehai-f^-ii.  Whatever  the  apiil  iimlkI,  it  lOioiiliI  U-  bn>U);ht  into  iinit'- 
diale  oonlaet  wHlh  the  entire  mawi  nf  the  disrWi-ge  by  tlioToU)^  iiiisi"tS,- 
aud  the  whole  should  ittund  under  rover  fur  about  an  Imur  U-foir  K'*"^ 
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dit^jKKition.  Milk  of  lime.  iiltlKiiiijIi  cfBciciit,  l«ivi«  a  bulky  ritiidiie 
wliii'li  (■aimot  he  I'linveiiitntlv  <li**]wis(\l  nf  ihi'ouyli  tbo  iiniml  elm  nil  el  ni. 
Chloriualwl  liiiu-  !.■*  iilsci  ttliciciu,  liiit  U  (iirsiinr^i-'i'li'i.'  i"  '"I'T.  Cor- 
rosive «ublimate  is  unsultjible  for  reasons  elsewhere  stated.  I*heuol, 
in  5  per  wilt.  Miliitioii,  with  or  uithmit  tlii-  ailditinn  of  miiicnil  nv'uU  or 
GoninioQ  salt,  and  the  various  crewjl  ilisinf'cftiuit-,  may  be  eniplovod, 
but  their  oilor  i.i  not  uIwiivh  loti-niliitt  to  tlic  |iiiii<-nl.  Dilute  tiiruuilin 
pi-ftifiitji  mt  ftbjeciions,  and  is  verj'  etlioieut  nml  nipiil  in  uetion. 

Urine. — In  ly]ilioid  fever  and  tuberoulo^  of  thp  urinary  tract,  the 
urine  ^honU^  be  storilizod  bv  tlii.-  »<]ilitioii  of  tin  wjiiul  volume  of  a  5 
|KT  cent,  ^iilutiou  i)f  ■■liliirinatc<I  linw-,  carlxjlic  aeid,  or  one  of  die  cpesol 
conij^MMiiids,  but  better  bv  tlie  addition  of  about  a  luiliclh  of  it<*  volumu 
of  liirnialin. 

Sputum. — In  piiL-iuiioiiiu  nnd  [inlinorinry  tntx-n^uloiii;',  the  Hputtim 
ithiiiild  l)e  reeeived  in  Hpit-cuik!<  partly  tillnl  n-jth  disinfeetant  solution, 
luul  kqit  eiiveR-<]  wlien  not  in  art.iL-il  iimc.  It  niny  Im'  Insiltd  with  h 
per  eent.  carbolic  acid,  or  about  .">  per  cei)t.  of  any  'if  tbe  enwil  eom- 
pouiidM,  or  I  |>er  euil.  <if  fonniilili^hydc.  Milknf  lime  and  chWinati'd 
lime  are  also  efGcient.  Corrosive  subiiniiite  ii^  verj-  iincvrtjiin.  By 
rniHon  of  it«  eonsiMinicy  and  adhesive  jimiM-rtics,  spntnm  is  one  of  the 
most  diflicult  matcriabi  t"  sttriliw.  It  is  espceially  dinip^-niUA,  us  it 
may  efintain  bii'jre  ninnlwrs  of  i-ntitngltK)  liaetcria,  wJiieh,  on  drying, 
ntiiv  Ih'  di^MMiiiimt'.-d  bv  air  ciirrciitM. 

Discbarges  from  Mouth,  etc. — tn  dipblheria  and  in-rtiisL-<i^,  all 
discharges  fmni  the  mouth  and  thnwit  shoubl  W-  rweivtvl  i>n  piews 
of  rnj;:,  which  shonld  1h'  bnmwl.  'i'h<-  diphtlnTia  iii'i::niiMn  n-tainj*. 
its  vilnlily  a  lung  time  in  the  dry  stjite.  nnd  sri  may  exist  in  the 
air  of  the  room,  if  i«rticles  of  Ijilse  mcndirane  whioh  happen  lo  be 
thrown  ont  in  ooiigiiing  or  sneezing  arc  alliiwnl  to  dry  o?i  walls,  fur- 
uitiire,  ntid  elsewhere. 

Eating  Utensils,  etc. — All  iiiiling  iitensili^  used  by  imticntx  with 
pneumonia,  diphtheria,  pertussis,  the  exanthemata,  and  lubereulows 
should  be  well  .ii'ahlcd.  All  napkins  should  be  lrc:it<-d  in  the  ^muii; 
ninnner  jis  infci-ted  lH.i|-linen.  All  remains  of  meals  shitnld  be  dc- 
Btr'iy«l. 

Bed-linen  and  Clothing. — Iti  any  case  of  sickness  in  whiHi  isola- 
tion is  a<lvisable  or  in  which  the  morbific  agent  in  kn<iwn  to  exist  in 
the  Ixiwel  di.-<i'liiir<re.<,  nil  iiik^I  bixlv-linon,  W-d-lincn.  Innelii,  napkins, 
wash-cloths,  handkerchiefs,  clc,  even  if  not  obvionsly  soiled,  should 
be  ininier.siHl  flir  iin  himr  in  disinlW-liint  M)lntirni>,  and  iht-n  <'<>nvcynd 
under  cover  to  the  Ianndr>'  or  other  Miitable  place,  anil  bi)ili>I  lor  an 
hour.  Should  the  urt^niiiKin  unrvivc  tin'  lii>l  tn-atnu-nl,  which  event 
with  proper  care  is  unlikely,  it  will  |ierish  in  the  x^mnd.  Shonlil  (here 
be  no  fieeal  or  other  ntatn.-t,  the  iMiilin}:  may  be  carried  out  without  the 
prcliminiiry  .-"rKiking;  but  in  no  wise  shonkl  tlic  artieli-.  in  a  dry  stato 
be  renuivetl  from  the  room  except  nnder  ctjver  i-r  "rjppiil  in  u  sheet 
wetted  with  an  etficiciit  disinfectant. 

In  scarlet  fever,  for  example,  the  murhilie  agent,  whalever  it  may 
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bi',  l*  pxort^ingly  tennriniM  nC  lifp,  nnd  n^iditt  in  tJw  fiw  jnirtirkeof 
4^piil<Tii)in  which  arc  oontiinially  (^i>^t  nfT  bv  the  fkin,  ami  it  it-  vj^iW 
viiiuvivahio  Oint  lui  urnitul  uf  liijcu  thmi  a  vai<v  of  ihij^  <li;<uLw  laielil 
shed,  tti  ite  jounipy  to  tin-  liiiiiidrv,  u  iiiiiiibvr  of  iliii^l  fNirtidw  cafolil? 
tif  miii-h  n)iM-lii«r.  Ni'iihi-r  linif  imr  ohlorinalrtl  Unii-  muv  Iw  iiKwi'm 
i-l<ilhii)^',  on  Hotftuiit  of  jirolmlili'  itijiiri'.  Ci>ri-i«ivi-  -iililiniuli.'  1  :  l,fi*fl, 
)>l)iiii>]>>  :iu<l  cii'wiU  in  ''>  jit-r  i'(>tit.  snlutiuii,  aixl  T'lmuililchvilt-  in  t  per 
ivnl,  >»)iilion,  iiuiv  Ix-  jiiiviswl.  (.'oJorwl  j^nxi-  art-  Miim-tiim«  ulTiiifd 
bv  sonje  of  the  cresnl  coDipouuds.  but  to  no  grentor  extvnl  than  winv 
be  MtibtMl  l>y  iinliimn-  liiiiii<lrv  tump. 

Hands. — In  lli<r  mnvin^  of  cai-cs  of  iufcrtioiu' iliMnsi',  tb(<  Aiiliiitc 
ftnd  infi-t'tiim  of  ihi-  liiuuls  iiiv  f«-i|ucnUv  iiDnvoiiLtbU-.  AlU-r  mw 
list-  of  the  l)<xl-|Hiii,  cvt-rj-  wiping  uway  ol'  d\»fhurfp^-^,  vvvry  ImiiJliui; 
<>f  the  iwticnt'd  iKxly,  iintl,  in  short,  after  cvm-  aei  hy  whicli  ilw 
hrniiU  iiKiy  bi'<-o»ii'  inftH-r('<l,  they  xhoiilil  Im-  wiiclif<l  tinnutlbtcb'  anil 
thi'itiiiglilv,  lilt  hi -I]  ^rh  not  iu-<'Ch<^rilv  W'ith  tluit  thonkU^chncsn  uliiclj  i^  t« 
cwi-iiliit)  in  siir^^iail  prtivticc.  Oiilin»rv  Miiip-iiiMl-wiitcr  tmii'ix'i't 
should  be  NiippK-iiicntert  hy  the  itppiiiulion  of  i^>iuc  tiit)rL-  |)owrniil 
dininiiH-taut.  Curb<»lic  lurid  nnd  the  ercKiU  ui»y  invrve,  hnl  ibry  \atit 
11  di>agTei-iilde  r^niitl,  nnd  have  Mnietime^  an  uupk-u.s»nt  vffn-t  m  iW 
skill.  Kornuihirhydi-  in  ;(  |kt  wiit.  nnliition  i^  efliticiU,  hot  «hio 
Hpplii'd  freipicntJy.  («usee  a  linrdiinnf:  of  iIk-  t-pi<lemiiif  whicit  i»  ^ 
fitmi  it^ni'itbU-.  Corriifix'*'  snliUniati'  1  :  ItHH)  i>i  »'ffi«ent,  and  iln  w 
h.'i"  no  drawbucks.  Schenk  nnd  /iiiifal '  rcvomim-iHl  iIh^  iinrof  ao'l 
iuiap  folhtwt^l  hy  imiiH-rHinu  in  corKmive  oahlimute  I  :  ICHM),  us  ImHM 
the  Imndii  eiin  hair. 

Air.— All  att<'in|it«  to  di^infoet  the  air  of  the  sii-k-room  in  tlit 
prewenee  of  ihc  imlii-iit  lire  fiililr,  for  the  pn-scnw  of  MifK<-ii-n1  "f  '"y 
ohcroioal  di!iinf<>ctant  ti>  have  iiny  efli-et  on  the  ImHcriii  )ii\-N.-nt  vmM 
ninse  llic  nir  to  hi-  irrc^piniliic  It  is  a  cunmion  pnictii'o  t"  (Jw 
aboni  the  room  dishes  oontninin);  rarUdio  arid,  jiirnmiupmiiti-  hJuIKO. 
cldorinntt^l  lime,  iiHlinc,  and  other  aj;iMilw.  and  t"  sio-i>t'ml  shcrttwr'iij 
out  in  ull  kinds  of  iRitive  iind  inert  »iihiti(>ui«,  in  tlu'  vain  Inp«  ikl 
tberehy  the  air  is  njade  Iwlter  for  the  patient  and  i»ni|iabl«  of  tnn»- 
ferrinjr  infirtiiin  to  ntluT*.  Whether  tlie  iijrent  n.-nxl  is  a  true  di»ili* 
fcc-lant  in  any  -itrenpth  wliatever,  and  whether  the  ^heot  if  continii'ti^y 
or  only  Interniilicnliy  wet,  do  not  tipju-iir  to  enter  in  any  way  loii'  tli' 
<|ne!«tion  of  eflieii-ntn-.  Ordinarily,  anythinj;  wdd  in  the  oln'i*  »1  » 
hijrh  jtriw  nnd  under  a  UiWI  nllefpnt;  not  infretjiiently  the  imptwiUft 
will  he  noi'i."]itc<l  witlioiit  <|ueftion.  Bnt  il  may  wifely  In-  ast^rtiti  I"*' 
no  dUintVctant  known  «in  be  of  the  sli};hte»t  senire  when  um-"!  ii'  it"** 
way,  and  if  thin  i.t  true  of  the  diHinfeelnnt,  il  niuiit  lie  of  llie  plott. 

Much  tail  he  ilonc  to  remove  the  well-known  diuiKntftble  »irk-w" 
smell,  due  to  the  exeretii  an<l  to  ninttent  eliiniiiatitl  by  the  hinp*" 
skin,  but  nil  hojie  of  pmdiictnji  cterility  of  the  air  i<bonM  Iw  •I"'*' 
diined.  If  piitlKif^enic  organinnis  are  pn'sent  in  the  air,  a  niueli  ff^ 
uud  more  reasanable  methiKl  of  deidiiit;  with  tlieiii  ii>  tluit  uf  tliomii^ 
'  Mfbicbener  mc<tiRinMclip  Wm-liHiiwfarin.  Apilt  10,  ItfOO. 
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acmtion,  and  this  is  one  of  tbi>  inu»t  imporbint  parts  of  trentnieiit  in 
p'ncral,  Tlie  giTniieklal  pni|>ertie.-  of  tiunlitrlit  slumld  nl-ui  mti  Iw 
ovcrIwjk(iI  wlii'u  it  ii^  jiiissildr  ti>  iimkr  iwc  of  tJiix  iiiijujrtitiit  !ii<I.  If 
good  vfintjlation  ia  not  eufficieut  to  ket'p  the  air  awcct,  the  ol<!-fa(iliion<!d 
ptutill<»,  (.HtiitHiuio^  Itciizoiii,  muv  lie  eiiiplovi-d  ».■*  iK;m>iiiii  (KtiihikU, 
or  one  or  two  pai'aform  pui-tilles  iiiiiv  In?  volatilized  slowly  in  a  small 
liim|i  fiir  llii'  piir|M>si-.  In  vi'i'v  r>niall  iuiiiniiil.-  in  tlut  air,  ttic  fpi^  I-  in 
ni)  way  tlisagii'eable  or  irritjiting,  iiiid  aots  vt-ry  pinvcrfully  as  a  de- 
<Mliirai)t,  not  l)y  snppliiuting  ihe  HrniUl,  hut  hy  <]c'8trr>yin^  it  by  chemical 
nil  ion. 

Room  Disinfection. — Not  until  the  termination  of  tlit^  rli.4paM>  or  the 
removal  of  the  ])atiei)t  whould  tlio  diMnftt'tioii  of  the  sick-nMirn  and  il» 
MintentJi  he  allt^mptLnl.  Thin  U  not  -nch  au  easy  matter  tis  \^  otm- 
inoidy  Iwiif^^'fd,  and  mueh  suppostfl  di-<infivtion  is,  by  rc3L*on  of  n 
lack  of  thoronghne.-v»,  no  b<-lter  than  none  at  all,  or,  indecil.  worse,  be- 
<aitiw.'  of  niiili-.-^-fvi'il  itiMfidfiioi'  ami  iinl'ciniidtHl  .■n-n.'^o  of  rwfet)'.  Even 
wilh  the  utnioft  csire,  one  c:in  hardly  exjR'iL-t  absoiotc  |N.Tf*'(-tion  of  iv- 
rmlt.-i, although  in  i<k'al  tiisinlW-tion  cvi^rv  mioiii-oi'ganism  pre^^ent  should 
be  destroyed.  Flijgge,'  who  bus  devoted  innch  linn;  nnd  >tn<ly  to  the 
tjnestion  of  hoiifX-  disiiifcolion,  iiver>»  tlial  with  any  pro«»s  by  whic-h 
SO  [M-r  (vnt.  of  the  iKithoijeiiie  b;u-teria  prisent  arc-  di-«troy«l,  onv.ihouUI 
Ik-  eimlint,  and  that  no  proce.ti  praciiiTahli-  will  kill  all  of  llieni. 

'\'\w  jmn^t-.-sis  employwl  np  to  within  very  rweTil  ywii>  nrc  notori- 
ously inadequate,  and  the  far  siipttriop  proees^n  in  uae  to-day  may  vet 
bi'  niaile  moii'  pcvfwt.  House  dif^in lix-titm  h  ortcn  most  iusnSieient, 
even  when  what  has  iwen  rlonp  ha.'*  Ixen  <sirried  out  with  every  ran* 
ami  under  nio.si  fnvoriible  eoiiditions,  ninn.'  il  is  (Iiil-  uKnal  pmrti'i.'  to 
disinfeet  oidy  the  pariienlar  rtwiu  whieh  the  jxiticnt  han  ocenpied  dur- 
ing hix  ^ickncA-f,  without  ri)rnrd  Ii>  tht^  fmtt  thiit  all  the  coiiueeUng 
rooms,  hallways,  and  distant  (tarts  of  the  bouse  niay  have  become 
infi^eted. 

The  ii|)i'ii  dijorway  o|>[>oses  no  unseen  obstsicle  to  the  ]i)issage  of 
miuiite  dried  jiartiolen  of  false  nieiubi^iue  or  epidermal  seal<s  floating 
in  the  nir,  nor  are  these  attmctod  to  and  retiuned  by  the  iiitdrixised 
sheet  like  jiartielM  of  iron  by  a  magnet,  E\eii  when  the  door  iselosed, 
thi'it-  are  iiir  rtirn-nts,  now  one  way,  now  the  other,  ninli-r  it  ;md  iiIkivi* 
the  threshold.  Infeetive  niatin-ial  may  l>e  earried  in  one  way  and 
another  by  membiTM  of  the  family,  vi!«iliirs,  attendantt*.  au<l  even  by 
the  iHitient  hhnsulf,  to  varions  parts  of  the  house,  and  the  room  in 
whieh  he  ha>i  lain  ill  may,  iiy  rt-jwou  of  pro[H*r  attention,  be  the  least  in- 
fti't^-d  line  in  (lie  honi^e,  but  vet  in  onlimiry  prsietifT  it  is  the  only  one 
tr«ite<l.  Prohablv  oft^'ner  than  not,  mneh  nioi-e  than  one  room,  and  ii> 
not  a  !iniall  jiropurtiuo  of  cu^'s,  Uic  whole  huuae,  ^houl<l  receive  atten- 
tion. 

The    exUting  methivU  of   riMini    di.*infe<;tion  eoinprise  meehanieal 
treatment,  diriit    appHeation    of    dii-infei-taiit    solnl.ir«is    a»    *pniy  or 
waslies,  lilieration  of  gaseous  agents',   and   eonibinalions  of  all  three. 
'  ZciCKbrin  fiir  IlyiriBm'  unil  hifcciinniikrjinkheiton,  XXIX..  1S'J8.  p.  ^76. 
HA 
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Th<r  lireud  procuKis  <lcvtiM<d  by  Ecinnrch,'  coiMWte  [n  rubbing  tlie  imllt 
witli  picin's  <>r  Iiniid,  t"  whit:h  Iwcicria  adhvrc  with  pmit  ti-nnciu. 
Tills  is  not  appiiwibU'  lo  iM«igli  vmli^,  iiiiil  wlii-ii  tlKininf;hly  anil  pMp- 
L-rly  done,  invnlvcB  such  an  amount  uf  Iub<>r  and  material  at*  lo  U-  »- 
c«Mlin;;I_v  oxiK'iwivo.  The  \»tK\i\  ywvi'*,  tupitlicr  with  all  cnimh* 
which  break  oil'  Jind  fall  to  llie  floor,  lire  oarefuUy  n>niuv(H]  aud  ir- 
slroml  bv  lilt-.  For  titi-  nvi  of  ihe  n-oni  mul  i(.>  (nmu-iitj^,  otlu-r  pnic- 
eeeeH  are  nc'(.t*»arv,  indudiug  H-rnbbin);  with  soft  bo«)i  and  waiw. 
wiping  with  diMintociaulc,  and  traiis|i«>rtalioii  of  a-rluia  iirl)ule>  «f 
clutbiii^,  luruittirL-,  iKtldiiig,  vtv.,  tu  tbu  publk  disinfectit^  station  t> 
be  trfiH<«I  by  Ht«na). 

Tbf  iiU'tbod  of  trwiliiiK  wnll».  HfKH>,  fiirnitiiiv,  nml  clolhiii);  U 
spraying  with  solutions  of  niercuric  rbloride  and  olh<-r  afcrnu  ivmi- 
mi'iHU  ilAplf  in  wim*-  (juartf-rs  and  not  in  ottiCT*.  Acvwrding  lo  RiiW, 
3a,0(X)  houHe'  iu  Paris  >vcn>  disinfi'ct*)!  by  means  t>f  auhliiiiati'  ejirai', 
1  :  l(l(>0,  ill  lRli:{,  and  u  ntill  lar^-t'  otiiiibcr  in  IK!)-!  with  Kiti-lii<:l"n 
results  and  with  no  bad  cflctrtsi  I'nun  ihe  poisou.  It  apitfars,  lyini-ti-!. 
aiiMirding  to  latvr  (-vidi'iii't-,'  ibnl  a  nnitilx-r  uf  tbo  tmiployfti  of  (br*li> 
inlV<<tinK  i^qund  huvp  shown  symptoniH  of  mfrcurial  pcHeonini;,  W 
UiiWl  nipntioiis  rasos  of  >«Iivation  in  India  altributod  to  «)rrwiw 
liuliliiimti-  \\i\A\  for  fliHirs,  Tin-  i^pniyiiig  |>i\n*»s,  wht-tbtr  sili-fiifti'n' 
or  not,  and  whetbcr  dangerous  to  health  or  not.  is  not  ^iiick,  and  miuifi* 
otbor  Cixiitment  wbioh  i'"nMiini--i  time  aii<!  .idiU  to  tin-  4:X|x-ii?«. 

The  ideal  disinfectaut  would  l»i?  a  gas  with  no  dwtiuctivc  or  him- 
fill  action  on  nnvthiiig  but  mii-ro-nr^nismi-,  en[iiibU'  uf  (imtinrt- 
ing  niateriaU  by  which  they  art-  liidden,  ami  iK-ting  with  gr*«t  <|ui<i- 
IKK*.  Siii'b  an  ap-nt,  it  irt  saJi- ti>  say,  will  never  U*  dt.«<'"X'(rid.  fof. 
even  though  tho  other  n-ipiirenient^  iiuiy  be  met,  it  w  iniphilialili'  list 
\\k  p]iyt<i(iil  law  governing  difliiAioii  will  ever  be  mndilin)  by  aay  p» 
aa  vet  undi^CHvoix-d.  (>im.i>iih  dii-iiifti'lioi]  iuu-'i|  ever  Ik*  >>n|>«'rf)i'i<'il  ■' 
nenrlv  so,  and  should  be  ai^siKtod  by  other  inetho<t>i  to  bring  ubo'lt  ^ 
bi'i^t  r<-HiiltK.  Giim^m"  di-itnfictiinls  wbieb  exert  »ny  injiirioUK  itiHtirei* 
ou  tbe  objects  treatetl  ciiTinot  U'  tolenitcd,  aiH)  it  bapiifiiN  thai  ttu> 
cbitii,  which  includes  chlorine  and  .anljihiir  dioxide,  bn^  Imm'ii  foQ" 
wanting  in  eflieie nry. 

Kiinnaldcbyde  gai^  approaehes  more  nearly  the  re(|nin-mentfi  of  tk» 
ideal  diitinfer-lant  Ihaii  any  ihim  fiir  tried, and  i^  nipidly  ?mp)4iiiiliiiK"" 
nthers.  In  its  applieation,  no  matter  how  it  is  generated,  wln-(lii;r  fn'W 
fonnalin  w  |Birafonn,  it  is  <»»enlinl  tlmt  i^very  obstiiele  jwiwiihlp  sIkJI 
be  interposeti  against  \i<  escape  from  the  sjmee  nixler  trciilmenl.  umi 
tiitil  uU  nhj<-<-ti'  within  tluit  i^imce  ^mll  be  so  di^jMiMil  u.i  to  |>nwtit  v 
much  of  their  siirihw  ac  jxiiswihle  to  its  action  ;  ami  even  iIh-h,  iil«'tB» 
jM-rfetrtioii  nf  results  (aniiot  be  atlaiiu-d.  I'lflgge'  reliit<v<  thai  iwii*'' 
prcparc»l  a  uniall  nMiiti.  ei-ninining  hut  little  fnni it urt,  by  pWii^I*'?*'' 
genie  nrganistns  on  marknl  biralion^,  and  had  the  loral  diaixf«  "" 
squiid  perform  tlieir  office  under  ejirefiil  Mij*ervie>io»,  und  in  I 


'  JWwlirlft  rir  IlTciiTH',  1!.,  J««T.  K  4»1. 
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staiiees  fouQiJ  that  u  fair  pcr(.%ntJ4^  of  tlie  ba<^^tcria  H'M-apetUlestructiou. 
He  iiijggtttt!*,  with  good  rt-a^mi,  that,  in  routine  practice,  the  rehiiltt*  must 
ordiii:irily  Ik'  far  k---"'  fnviinihli'. 

i''i)r  the  attiiniuuiit  of  tlip  best  results,  the  various  articles  of  furni- 
ture (-huiiUI  Ik'  iiiiivhI  aw'iiy  IVmii  ihf  w.-iIIn,  nil  iirLiclc-s  of  clotliiiip, 
lihtiikets,  and  other  textiles  should  be  suf-wiided  freely  on  lines  or 
i'lut)i'-s-hur»<s,  tbi*  i)i>ck«tH  of  4<lotliing  tiirnol  inMd<-  out,  and  all  onicks 
and  other  outlets  carefully  stoppeil  with  wet  cottwu,  putty,  adhesive 
pujicr,  or  other  Miitidili:  iniit('ri;il. 

I'ai'ticuliir  attentiuu  »huuU)  Ix'  \mt\  U>  tin-  c'i>ni]ilit('  clofinrf  'A'  all 
iulcL  and  outlet  ri-gistftrs ;  those  in  the  walls  shouUl  Iw  imsted  ovi>r 
with  jitont  paper,  and  thiiee  in  tlic  tloor  should  Ik-  i*o  Irciitwi  or  coviitti 
with  U)iek  cloth  wrung  out  in  subliniate  solution  or  diluted  lomialtn. 
lj(«)M-ly  titliTifi;  wiiidow-siishes  niay  lie  initde  tight  by  iin'iitif  of  wucidi-n 
wetlgeji,  and  the  eiiieks  around  them  properly  stntVcd.  If  there  is  a 
nUtvv  ill  the  room,  il-s  ilnors  and  ii[i<'ning!i  for  dralU  should  Ik;  tH^rim-ly 
sealed.  Open  fireplai^ew  and  Franklin  *-tove«  require  eoniplcte  closure 
of  iliiir  llu(!-initli'ts.  The  doors  of  all  elcsets  and  cupboards  and  the 
drawers  of  all  l>urt",iiis  and  ciihinet.-'  ^hollI^l  he  leO  ujien.  All  Foiled 
]»laeen  on  the  wallf,  floor,  and  furniture,  pos^iiblv  due  in  iufpctive 
material,  Hhuuhl  be  wetknl  with  foniiatiii  or  .iiibllmiite  solution. 

When  the  room  has  l«>en  projjerly  prcparwl.  the  generation  of  the 
gns  rnuy  Im:  bi^iiii.  If  piirnfonii  lanip^  or  llu^  Hrcstau  ap]Mir:itiiF>e.-<  iiit- 
employed,  the  o[ieralor  It-.ive.'s  (he  riHirn  and  ?ti>|»«  the  ei-.iek  under  the 
lioor  with  wet  Wilton  and  elo.-ies  ihe  keyhole  with  a  pinimcd  hiUJ  or 
with  putty.  If  an  autoclave  or  other  eimilur  apjiaraluii  is  eniployetl, 
th('  :4to|i]iing  of  Ihe  keyhole  of  the  door  is  noeeasarily  deferred  until 
the  geiicnition  of  the  pis  ii  eoniplcUiI.  The  niiini  i»  then  IcA  iino(^iened 
ovi-r  niglit  or,  if  the  ])rocess  is  begun  in  the  morning,  tlirough  th<-  day. 
On  the  expinitiou  of  the  rei|nice<l  time,  ainmonia  in  ihe  n<i'»'^»iirv 
amount  ia  vaixiriiicd  through  the  keyhole,  or  the  room  is  entered  at 
once,  the  window.*  tliiiiwn  open,  and  free  aPnitlon  e.*tabli.-*hcd.  In  the 
latter  case,  the  (i]>enit<)r's  eyen  t^hoiihl  Ih-  ]>rotjeted  by  elosely  fitting 
goggle.-.,  and  be  j>!iould  hold  his  breath,  if  [(Oh.-ihle,  until  his  ohjeci  ii* 
luvompii-'lied.  If  ainnionin  in  eutphmil  to  neutniliw  the  pis  (he 
room  will  be  nwtiier  inhabitable  than  otherwise,  especially  if  steam  has 
been  p.'ni'nited  Mmtillaiieouidy  wilh  tlit'  gas,  a."  advocatwl  by  Kliipge, 
for  aeration  may  requli-c  many  hours,  and,  In  some  cwses,  <layj:,  to  ritl 
the  riHini  of  the  odor.  Tlii«  is  a  matter  of  extivnic  iinimrtanee  with 
IKiiplc  of  small  raeanti  living  in  limited  PiiiKiec,  who  Minnot  aflonl  even 
the  teniiMirary  inci:jnveni('noc  and  e.\|»ense  of  linding  outside  aocommo- 
datioiiii. 

Mattresses  which  have  been  i>olIute<i  by  soakage  of  urine  and 
excreui,  thick  elolliing,  and  other  article-'*  which  do  not  h-nil  themselves 
tw  superficial  gaseous  (liMnfcction,  n-qnire  treatment  by  i^tcnni  in  the 
special  a pjia ratlines  descrilMrd  on  a  profiling  page.  Su-aw,  eifjrn-husk, 
and  "  twcclsior  "  niatt.re>?«tv(  should  1k'  difl'erciitly  tnriiled.  Their  con- 
tents should  be  removed  and  burned,  and  the  ticking  soaked  in  disin- 
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fectante  ntid    bnilod. 


StuffWI 


fiiniiture  covoxed    with    woreo  faliriw 


pliDiitil  hf  biki-ii  iitil  of  iliiors  and  W  wt^ll  )>cnl4-u  oiid  left  rrxjxiNxl  tn  ibe 
nil'  mid  dint-l  t^iitilij^tit.  If  uphuUtciv]  in  k«tbcr,  )l  ^lioiild  !n  udl 
u'ilM'Hl  in  all  thf  (.-nvioci  with  olotbs  ^\'ruiij;  out  in  .lubliuinU-  m>1uij<)[l«[ 
diiiiUil  runmiliii. 

Heavy  clothing  and  othiT  fiibricH  .BoniPtimeH  are.  Mint  ti>  lie  tnatdl  by 
the  bt-nwiic  (iniwi^j^,  in  tlii'  W-lit-f  ihiit,  l>y  tliii"  mvaa»,  not  fiiilynw 
greasf  ^[wlf  iviiiovod,  but  that  steriUialion  is  effpct^l.  Kfipp.'  Im'w- 
I'Vci",  liiis  [Miintid  init  tlinl,  in  tlit-  oniiiuirj'  iicnEcnv  [(««•«•!»!•.  |iiii>  fwi 
mid  tlic  bacilli  uf  tj-pboid  fever,  anthrax,  dipblb<>ria,  and  ttik'roiikrt* 
aiv  not  di'j<li'i>_viti. 

Disinfection  of  Books. — Books  are  extremely  difficult  to  Kti-riliv 
witb  I't'itiiiiitv,  on  lUTonnl  of  tin-  pi-oU'c-tion  llinl  in  j;ivi-n  to  IxiiHi-m  itf 
tliv  juxtniKii^etl  jwRi's.  Unbound  bookf  may  lio  fubjoctol  lo  innliivit 
by  #<tcniii,  but  tbis  proii'Sii  iii  not  xiiilc*]  lo  Itonnd  vobinu'f,  htiautci^ 
it*  effect  on  the  jrliic.  For  bound  boi>kfi,  tbc  only  a^'uilablc  iliciiifniUol 
in  formiililfliydi',  Inii  fvru  this  np'nt  is  not  ofiirit-nt,  unload  tlw  Imivwuf 
«)  disjHiwii  timt  th<'  jpiK  «in  Imvc  im-cw  to  every  p'ige.  I}(Hikjt  iJ'nIac 
will  mpiiiv  very  thoroinfb  and  pe|M?ated  treatment ;  Iwit  tl>«w«>  of  tUBll 
vnlne,  known  to  have  bit-n  profHibly  or  iMvuibly  infi.fiiil,  Hi*  US 
destroyed  by  fire.  If  fonnaldehyde  Ireutnient  is  dcenied  sibTsaU^ 
tlx'v  rihonld  Ik-  jiluet^l  on  edp-,  wiib  ibe  Ifovi-a  ojieuod  it."  muHi  uniH 
fre*'ly  as  |>owii>Ie,  and  Mibjcctwl  n-ptttteilly  t'l  Ihf  iK'tion  of  llir  p»  » 
a  l.ijrbt  elosci  or  box. 

Disinfection  of  Water-closeta.  —  Watcr-dow-i  \n>«U  in»y  ^ 
trwitiil  witb  dilnlf  formalin  or  ■')  per  «?iit.  Boliitiou  of  tb«'  «*w 
preiwirtitioiis.  Tbc  w(Knl-wi>rk  nnnim)  and  ««ir  tbc-ni  may  l>eif*irf 
witii  the  snnie  agents.  Sublimate  solutii^n  slioulil  no*  be  (K«l  ■ 
plumbing  fixtures,  on  aix-oiint  of  it"  action  on  lend, 

'  CorT««|ioa(leii*blail  flir  SchwriKTWcJii;  Acrn«,  1807,  No.  Ifc 


CHAPTER    IX. 
MILITARY  IIYGIKXE. 


SisrE  the  most  itii[x>rtjirit  fiiotur  in  thi'  ttlii-iiiicv  "1"  iin  urmy  ii*  its 
lualtli,  it  t'olldws  that  i-verj-thing  whirh  may  infliipncp  this  iu  any  vray 
for  (In*  lictiiT  or  wiinw  hIioiiIi)  Ix-  Itrnki-)!  iitV-r  wiili  the  ulninHt  viirv, 
T)it>  tilou  U'ho  ('oni]>nrHi>  uii  army  ure  draxvii  trom  civil  life,  in  which  rach 
intlividtiiil  ha»,  lu  ii  f;"'Jit*;r  nr  li'--«or  cxti'iii,  tiiilrjiciiilt'iit  omtiMl  nf  hi^ 
rjfiioe,  t;luiioe  of  ocmi|nti<>n,  M'lcctiuti  uf  fnixl  iiml  ilwcllin^-pLicc,  mid 
acnil  KiinitHn'  nvn:  Atlvr  ciilirttiiient,  I'ohlicrH  loi^c  nioiit  ul'  thi^  ii)d<^ 
'  peiidcncr ;  th«y  arc  housed,  clidhL'd,  fed,  htk!  i'Xtrix;i«.il  uiiilcr  rcj^latioiid 
which  it  Ls  iH^niid  ihi-ir  imwwr  tn  aitH^ud ;  they  lire  moved  Intiii  one 
point  to  imotlicr,  dilTcriti^  {x.Th»p9  vt:Ty  widdy  in  ulimiitiL-  iiiiil  othvr 
c(inditi(*ni«,  nndcr  orders  whii-h  they  may  not  presume  t(>  <[UeHti()n  ;  their 
bniim  lor  >^Iw|i,  riKtul>,  W()rk,  siiid  rwiMition  iin-  (ixiil  for  ihcni  withimt 
c<in.in]tatinn  with  th«ra,  and  Mithont  n^ml  to  individual  or  comnumal 
ftvfrrvww 

Simie  the  government  iteet^sAarilydejtrivoH  the  Mildiorot'  his  indcifon- 
di^n<^-  •■fiu-tioii,  it  iKlxnind  hy  even'  priiiri|)l(-  of  fairriex-i  to  him  to  IikiIc 
utter  hih'  hr.tlth  nnd  ooniloi't,  to  [rnmiote  ciint<^'ntmcut.  Hn<l  to  wani  olf' 
nmni  Ity  itil  n^iwiDiihh-  and  pmiwr  iiiiiini.  Thus,  the  eare  of  Inxtps  is 
a  dotihle  oMi^^.ition  ;  the  men  luivc  every  npht  to  exiR-ct  it,  and  tho 
«flii-i«'iiey  of  tin-  army  U  de|ii-nde[it  npna  it.  lint  no  uiatti^r  how  ciin^ 
fill  llu-  -unitary  udniiiiiiftration,  it  i';^  a  matter  of  common  ktiowK-<)ge 
lint  in  all  wTirw,  exeejiting  the  Fmnen-PnisAian,  and  in  that  only  with 
n?^n)  ti>  the  (lermans,  the  mortalily  from  dtwwisc  ha*  Iw-cn  far  tn  ex- 
cw*  >if  iluit  fmm  oiL-naltieii,  and  in  all  armitf,  moiv  di.-<cluirge-H  an-  due 
to  Mirkn4-s.i  tlniii  tti  iiijiiricK, 

The  reK|KinBiltilily   for  the  care  nf  Irnnpii  and  health  nf  camp»<  is 

plnnO    itjHVii    the    meiiinil    ofTni'i-c,   who    have    no    jKiwcr    to    rimi- 

tiinad    and    an-    haniiKTeil    liy    Ik-ih;;    snlxirdiuale  to   laymen    having 

"ften    nn    ailiHjnatt^    :i|)|>r('eiaiioii    of    miittrrfi    |inn'Iy    mcilieal.     They 

liavr  only   advisory   fiinetion^,  and  munt   lie  moHt  earefu!    in   n^^^nn- 

tx\niding  chaiigeti  to  the  very  wmservntive  military  mtml,  which  fimLi 

»■»  l-rtig   i^mtinimiKr   »f  it    condition    the    (-tPtinRist  argimieiit  for  it« 

l«mpT  n-iciitlon,  and    is    prime  to   kmk    tijioii   rK'oinnienflatioiis   for 

►•^VwMiig  ehaiigi'.t  iii<   evidence  of  whiim-ieal   di>-jwi-ttioii  and  deticielil 

traiiiHijj   ill    i^nitHiy  science,     Ncvprthrle«s,   the  nietliciil   officer  hwi 

•*    vm-  heavy  reajwnsiliility   |)la(^Ht  ii|miii  him,  and    must    ailvisc  hi» 

'»»v  iaippri*>r«  iitid  i.'X|>laii)   the  im|Hirtance  of  the  princi[d<*  liiiderlyiiig 

-'•tiliiry  |iraelii>'.      He   must    make    |H'iij»r  i-.'eoriinieiuliition.s   (<>r  th<' 

I  •  i-Miviioii  of  huiltli  of  the  troops  in  war  imd  in  piaa:,  in  mnipis  and  in 

tcurriwn, 
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fiinoft   tlie   efficiency  nf  a  niilibir}-  Imily   w    «•    Intf^'ly  (Il'Ik-i 


llie    hiiilth    of  till-    iiiiiUt    of  wliirli    it 


used,  tbi; 


of  n  niiii|)aign  may  be  lately  infliicimil  liy  tlii^  udri|iti<>ii  <ir 
rt'ji-(r(ioii  by  llio  cDiiiiiiiiiiiliii^  oHiivr  of  tbu  nt>oniincmbitimit  nf 
hi>i  tiiiilical  a<lvUci-,  I'lifurtnnatily,  if,  by  nai.-«in  of  jibv.^ittil  rm- 
titiictw>  iif  tilt'  ti\"i(».  II  iiiiiVfiiKiit  fiiiU  *)r  ml  fi>i(li.iiiic  of  ili-a* 
uitiiiiv,  the  ptibliv  lit  ODue  plac(«  the  blame  upon  tbo  mciiical  <lcfaR- 
im-iil,  and  esixx-iulty  upon  tlio  bcHtt  ibcrcof,  tbo  Stii^iin-UiMicRi!,  av! 
tk-tiiutiiis  :i  n:ii>r^iininih(>ti,  a  Kiniiij;  ■•lit  uf  )ne(>m|H'l^iil  nmtefiul,  uiul 
e."jMi'iully,  a  ihaiifci'  in  ibi-  Wad,  cjtiilc  n^nllL^v  of  tbr  )><>i<itili' lad 
tbiit  tbc  (-biiiiv  of  ai>  iiiiNniidiry  camping  pjiiw  may  biiri'  been  mnAt 
against  the  jiid^Dcnt  and  advice  of  the  nwliiiil  bnineh,  tbul  Ibc  nuo- 
nii'^.'^iry  (b-|iiirliiiciil  may  bavo  bwn  Imyv-ly  to  blaniu,  or  tluit  "thif 
inllnciitvji  iiiiito  beyond  tlif  control  of  ihf  uiudical  cor|i»  miiy  liavcW 
at  laiiil. 

The  inediiiil  oiTieer,  botli  at  home  and  in  tuoet  muntrieii  flbmail,  b» 
iniii-h  with  which  to  contend.  The  coriw  h,  uk  n  nilv,  not  fnlBrintli 
bii-pi'  for  till-  body  for  wliicb  it  w  to  cure,  but  is  i!X])ceted  !■■  \vtfim 
an  iiinotint  of  work  and  n-ssinne  a  n-»|M>nsibiIity  ubioh  uoiiiil  lliirlytu 
thf  «i|Kirity  of  one  of  double  sia;.  In  an  cnierKi'iicv  m|inriii^  liirj^ 
additional  li^vicit  iiml  tv>n,'«ei|n(-n(  enijiloynieiit  of  civilbiii  jiliy^iriui' 
niitrainul  in  mililiiry  life^  ibc  iv>[Kin»ibility  bcconie»>  projHirtiocdltlr 
giviiter. 

The  n-cent  exiwrii-nw*  nf  thi^  counti^'  nnd  of  Ei^aiid,  wJiifi  ^ 
onlbroak  of  iviir  neec-switatwl  tlip  nwwmbling  and  tnint«)Mirtatii>ii  "f 
]urj;o  armii'S,  wrvc  very  \\A\  n.-^  ilbistnilionK  With  u»,  on  llybnal!- 
ing  out  of  war  wnth  Spsun,  a  tttandin^  army  of  25,000  was  HiiUenk 
jiicrcaw-*!  by  (iiliirpcnicul  of  the  rn-j;nbir  i*crviiv  »m1  ennilbm-ul  i<f  vol- 
linli'i-rs  to  ten  tinier  that  ^ir^',  but  the  itmal)  bixly  of  tniini'd  niillUT^ 
HUi-pi"!''.  '""  «nrtll  In-fore,  eonbl  Itaixlly  have  bct'ii  eX|Kvl<Hl  to  I*  r(|a») 
to  -the  (liiiiaiids  of  thi-  new  aiitiy.  e^iii  witli  the  a'wiHiaoi'e  of  ik 
|)hyi*ioiaiis  from  civil  life,  who,  iillhoiigb  doiil>tIi.iv>  highly  cfficitnt  ui 
rivil  pi!U-ticc.  Wfif  for  tin-  nii>^t  («irt  inc'?spirich«-<)  in  t-.imp  liviprw. 
The  difJicidiii-.-'  of  siiiiil.-iry  iKimiiii-trntion  were  verj-  htrply  ininuw 
by  the  K'cklc>»iH'j'S  mid  ijrrioraiiw  of  tin-  volmitwr!'  in  iR'namal  hvpiw 
and  (leneral  sanitation.  'J'bi-  ri-MiU«  were  wlat  niinht  w  exiicot.ii, aoJ 
ttti*  ton  well  known  In  nwd  fiirlber  mention.  The  bliun*-  for  all  ll" 
diMKitmiiH  exjxTienoe  vas  plaeiil  at  onre  «]»<>n  the  nivalii-iil  dc|«imi"'"'' 
vliich  hud  but  liltic  to  .-iiy  in  the  clioiex;  of  I'anijip,  and  nothing  "li"'* 
cvor  to  do  wilh  the  iriadicjiiate  tneanii  of  tiiinN])orlulioii  lutd  olhrr  liii'"" 
in  tile  ]inxhiction  of  a  larp'  mortality  fmiii  dLs*'».4c-.  The  eJin'rif'"' 
of  ilif  KiikI'"!'  i"  tl";  ^'"f  '»  i^'ntli  Africa  waw  owcntiidly  tlie  .-unicBi"' 
wa«  doc  to  the  §<aine  eaU9e8. 

In  till'  larjp;  Ktiindin;;  urmic:«  on  the  Ountincut,  n  diflVn-nt  onlef" 
thinf;>«  obtiinx.  The  oflieers  of  tbo  line  are  more  ineliniHl  tiMliI"^'* 
the  opinions  and  advice  -if  the  niHlicid  sHaff  ui  matten*  rc<|nirinj.'  fni"' 
uniliiry  knowledge,  nml  the  mithoritiei^  demouEtnite  a  mucli  i»f^ 
appreciation  of  the  value  of  an   aditjnate  tnedicnl   9cr\-ice.     i*^ '" 
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illuKtmtinri  nf  ilif  <litferciKH-  iu  die  ordering  of  flu<>h  tnAtUTH  in  Ger- 
iiiiuw  and  En^laml,  the  lulluwiii|;  \»  citul : 

The  Uritihh  first  iiiJanirv  ilivin^iou  and  first  cavalry  brigade,  with 
two  battfrit'S  of"  iit'Id  iirtiilcrv,  a  (■ihiijnuiv  nf  i'iif;i"«'r"!,  tdofjniph 
c<ir|w,  niilwiiv  (ionijuiuy,  animiinitiun  corps,  and  1iof<pital  corpn,  ordered 
t"  Stiiith  Afrira  in  the  iiiitiirnii  m("  ISSIJJ,  iind  tht;  (icrtntiii  cxiK^litiumir)' 
ciii'ivs,  consisting  of  two  brigades  of  iiifiintry,  three  sqiiadrons  of  oav- 
ulrv,  fimr  batteriw  of  light  artillm-,  a  batallioii  <)f  |)ioiK'<-rn,  wirti  ii 
telegraph  corps,  railway  compimy,  wiiiitury  eonipsiny,  atniiiiiuilion 
<-or|w,  and  ho^piud  (•■irjiK,  organiwsi  in  tin-  snnjnicr  of  lilOd  fop  scrviwt 
in  t'liiim,  were  about  t^iial  in  mnnber  of  iiien.  For  the  «are  of  these 
troops,  the  Kiiglisli  anthoritto--<  dt^'tuiltnl  40  rt^ular  mediiai]  oHicfiF!*  and 
13  eivilian  irurgeons  a  total  of  li'2  ;  the-  <i«riiian»  dctuiJL-tl  91  regular 
anny  nni^-oii.H,  or  lu-arly  oO  jut  wnl,  moit.  The  Kiiglisli  iKit-pital 
;ihip  had  3  surgeons  ;  the  ticrman  bad  10.  Tht-  l',ngli.«b  sent  4  iJeld 
hohpital^  with  Hi  surgwms;  ihe  (ii'rnmns  sent  an  eijual  nnmbt-r  with 
3-1.  Tile  Eiigliich  general  l)o«pital  liad  18  isiirgeoiis,  of  whotn  11  went 
civilians ;  tlie  (icruian  had  11*,  all  of  whom  wei-e  regiiiars. 

The  (fuperior  niedieiii  t-nnipiuent  of  the  Genriunf^  is  not  dictnttti  liy 
extravagance,  but  by  a  grwitcr  appi-eciation  of  the  necessity  of  furnish- 
ing adi-i|iml<-  ni<:dioal  iwr^'ifw. 

In  a  standing  urniy  riucb  ua  is  maintained  in  this  country,  it  would 
be  far  bi-ltt-r  to  err  on  the  .-ide  of  cxtrflvaganci*  than  of  niidnr  etvinorny 
in  rbe  fiie  of  the  [nc-di<ul  corps.  Thpre  i-liould  be  svi-teniatie  instriie- 
tion  in  g^-tii-nd  hygiirtu',  wliicli  should  not  Ih-  liinttt^^t  to  thii  mediuiL 
oflifcrs  alone,  for  the  line  otficcrs  al»io  should  Ih?  rL'quiR>d  to  aci]naiiit 
themst'lvcs  with  the  prindph!.i  of  the  ncii'nne,  and  (■njH^riiilly  with  the 
WinilJiliiin  of  csimps.  Then,  when  the  meiiieal  officers  jjoint  out  raetjj- 
od*  of  conserving  the  lii-alth  of  troo]»?i,  ibosc  in  otttnaj  eonimnn<l  would 
be  in  a  bctler  position  to  apply  their  authority  with  a  lai^r  appre<aa- 
tion  of  the  advice  given. 

.Militiiiy  hygiene  Ims  to  dtsU  with  the  solcK'tion  inid  examination  of 
men  oirering  ibeniselvcs  a»  recruits,  their  habitations,  clothing,  i-xerri.-n*, 
food,  di^(t:iM's,  ;inrl  nietlical  cure ;  with  eiuiip  Minilatiou,  including 
wnter  supply  and  sewerage,  diB|Kisul  of  waste,  and  general  police ;  anil, 
in  general,  with  all  matters  having  any  iMjiring  on  the  lieulth  and, 
implictlly,  the  ertieieiicy  of  troojis. 


THE  RECRUIT. 

Nnt  every  adnit  man  neeiistonied  fn  Imni  work  «in  be  transformed 
into  a  gtHxl  soldier,  for  there  arc  many  [Miiuls  of  disc|ualiticalion  for 
military  service,  and  an  nnninind  iniin  <-iiri  iifVcr  \tv  dciicn<lLil  n|M>n 
when  hi.s  siT\'ioi-s  are  needed.  The  itieal  recruit  is  one  who,  in  tlie 
Grnt  place,  is  well  built  and  of  su|)erior  muM^ilar  fortv,  cn])able  of 
resisting  influences  tending  to  depress  the  ner\'ouB  and  physical  powers. 
Aeeordiug  to  the  great  Naiwleou,  "  The  iirst  (pialily  of  a  soldi<-r  is  thu 
power  to  endun-  fiiliguc  mid  privation  ;  conrage  is  only  second."    This 
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pritnan'  c[ualt6cation  is  v'er>'  «>mnioitly  ilwiught  to  be  au  muriUi 
mure  of  iho  4.-iiiiiilry-lirc()  tlimi  nl'  llie  fity-brc<|  bw).    - 

Dr.  WikkIIiuH/  Lt,-Co!(iiii-l,  JI«l.  Ilc|»'t  U.  S.  v\.,  hnwCT-er,  says  oo 
tliix  {loiiit :  "In  rairtiDg  ni^w  inH>|i(i,  wlieii  it  M  jioiisiUIc  Xf  M-li«-t,  iCv 
Blijirp  uikI  iiiinuiliiito  sictivi-  wrviou  taki-  town-brwi  picu.  It'  u  vitror 
two  cuii  |je  ntUlei]  in  wbieJi  to  train  then],  liike  CHiuntn'-brvd  in«a. 
Opcn-ttir  niilitury  life  ii*  pliVKirul  pntiiintioii  lo  uit}-  ni«ii  lU.'CUKltiou'd  lo 
irrc-gular  liouri^.  uuwtiulcMimc  meals,  iind  ]H>orly  ventilated  nmcu;.  Tn 
(imiilry  l.-id:*  tin-  irn^iiliir  und  ixiuictiini's  Mgiiily  uinilx,  Imikcfl  ntt, 
uecc^ity  fur  ]>runi|)t  itntl  t-xiK-t  notion,  and  abuvc  all  the  tvituintt  nf 
atijuiring  Midi  diatuMc-n  an  meik-<t<i',  u'luHiping-cnugh,  and  iiuniigi',  wbidi 
town  boys  idwnys  liavi;  in  cliildliitod,  arv  vcn-  exbau^ing.  AlliTi 
jrtftrV  titiining,  <«uDtry  yomh(t  im-  inort-  vidniiblc." 

UndiT  i!k'  njrnliitiini  y>i'  llio  Unit*-)!  Stmt*  Army,'  imy  midi'  cilia'a 
or  j>iTson  who  bus  leg-ally  d(*laii"d  bio  intention  to  bcronu-  a  ciiiwo,  if 
above  tlie  age  of  21  and  under  tlie  up-  of  3-'i  yearis,  sbK-budixi,  fit* 
from  discai^e,  of  good  eliaracter  and  tpmiieratc  habits,  inay  lie  enli«lnl ; 
but  in  ix^ii-il  to  »ff^  or  ■■iii/en^iii]),  tlie  rule  i!o<-t>  n*)l  a])|)ly  to  witlitf) 
who  Imvo  nli-eady  served  houer^tly  and  faithfully  a  pri'vioUB  rDlii^inircit 
lioy.-  liitwiTii  till-  agi-.-i  of  lit  and  IS  may  be  eidi.Mcd  us  nlt^-■«il'iall^ "f 
to  leuru  uin»it?,  witJi  the  written  couiri-ut  of  tiithvr  or  guanliaii  uxl 
ap|>roval  nf  the  Adjutaiit-Gcnoml. 

Kniisted  men  of  jjiwrI  ehana-ter  und  fiiitUrul  «T\'ii>',  who,  at  the  il- 
[liratiim  of  thi-ir  tenns,  are  undetf^iing  ireatment  for  injurie«i  iiii'iinwl 
or  diweji'ic  contnieteil  in  llie  line  of  diilv,  niav  n'i'iili;«l,  and  if  the  'li'" 
ability  prove  lo  be  pfirmaiient,  they  will  be  i-iibpf(|uenlly  difrcluif^ 
An  eidi^tetl  man,  not  under  trenUncnl,  but  with  inlimiiliei)  ei)nirai'HJ 
in  ihe  line  of  dnty  not  such  a*  to  prevent  bin:  iwrfunninn  the  di)fi«s«f 
u  >iolilier.  may  Ik-  n-eidi>|i'd  by  iiutlmrily  of  llie  \V'ar  Dejuirtiocm.  ■" 
apjtlieation  made  through  the  ynr;;eon  and  pro|)er  military'  eliuiiwit 
einev  it  is  reeogni/^il  llial  wlitil  he  may  laek  in  mme  minor  |«rt)i«Un 
in  eoundnetie  may  Iw  eoiinterbsihm<!eil  by  eX[)erieiHx-  nn*)  ludiitii  Oi  i^ 
ciplino. 

Tho(*c  whose  onli»^tmcnt  K  prohibited  inoliide  fonncr  wildierA  havroif 
bad  reeoi-d,  det-ertertt,  drnnkanls,  insane  jiersous,  minoi>  liclii"  H" 
yeorj*  of  age  (nnwieinnc),  penton:'  who  have  Uiii  otnvietatl  of  feWy 
i>i"  who  have  l)een  impriwrned  under  sentenee  of  u  cwurt ;  simI  fur  M 
enli.-tmentf  in  lime  of  jmice,  non-ell ixiiiK,  except  iIiom-  who  i*' 
lefi-.illy  ii(vlaiX"d  their  inlenlioni-  lo  iK-eonie  eitiwnc,  tlww  wIkkiu""* 
sjM'ak,  read,  and  write  Kngli.-h,  and  ihono  over  'A^  yenrs  of  age. 

Age. — Itwrniting  olfM-ers  an-  din^^eted  by  tin-  n-guhifion«>  to  he  W^ 
jMirtieular  to  nwertain  the  Iriie  ape  of  the  re<'niit,  Ihivs  below  IS  n(* 
beinji  aeeepled  in  lime  of  |)irjie<',  e\<H')itinp  ».■•  mti-i<-iami  or  te  Im" 
niiiwic,  and  then  only  with  the  eonsent  of  gllardia^^  and  api>nrt*l|" 
the  Adjutant-General.  The  minimum  age  for  all  anus  of  tlir  wr*'"* 
ifl  18  yeur*;  the  maximum  for  the  iwvaln-  w  30,  and  for  utln:r«n* 

'  N<il»  on  llUitnnr  Ilyj^cii.-  for  (MIi.H»  of  llii-  Llni-.  N»ir  Vort,  18W,  p  H*- 
*  It«grubli<pn«  tor  the  Anuj'  of  tin.-  L'liital  ittaKs,  Washington,  ISMBV  |^  lU 
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35  ;  but  for  r«*Snli*tmont«  thftre  is  no  limit  of  age.  Men  of  nil  ngc» 
between  18  iind  45  arc  atxifptwi  in  tlic  vnlmitcfr  service.  In  the 
Britii«h  scrviw,  the  limit,-*  of  age  are  18  and  25  years,  oxcfpl  for  tlic 
meditMl  »\a,W  Liirp*  uud  ciiKitiecns  for  wliifli  thf  nmxTmiim  is,  rp»-f>et'- 
tivi-lv,  28  and  30. 

It  i«  almiwt  \\\v  nnivcrsU  opinion  tlmt  rccniits  ongbt  not  to  ln'  ikt- 
wptwl  below  :;(',  or,  bettor,  22.  At  18  years,  the  reornit  is  immature ; 
llio  bone*  lire  not  fully  lormt-fl,  nor  have  ihoy  naichiil  their  finiil  lianl- 
nes-H ;  the  epiphyj^es  have  not  beeonie  inci>r[)ontt4Hl  with  the  nhalis  of 
the  loMi;  br.iii-s ;  the  joint*  an-  not  fully  develo^Htl ;  the  ninx-lcH  iiro 
soti  and  not  wliolly  devclojxil  ;  the  ehcst  hui^  by  no  niemi!^  attuined  ita 
full  oft|Hieity ;  iind  tho  oi^n:*  of  the  body,  in  genenil,  niv  immiitnn;. 
8o  it  happens  that,  at  thin  I^J^',  it  i»  nwleiw  to  cx|Kft  them  to  be  in 
goixi  eondilion  after  long-continued  e_xertion  or  to  undergo  privations 
which  are  ai?  nothing  to  the  man  of  niiitMre  ywin*  and  strength.  .Vt 
this  [wnoil  of  life,  he  is  .still  in  the  growing  stage  and  wi-i\f  all  the 
eiH'ifiy  of  \m  bixly  to  bring  the  orgtini:<m  to  iwmiplction,  and  the  in- 
fluence's whieh  mature  .aoldicrs  contend  sigainst  with  vanning  degrees  of 
wiewss,  numely,  viciiwlfodf'--'  of  wmiIIkt,  long  niareht^,  liiiiil  wurk  in 
trenches,  possible  overeritwding  in  barmeks  and  ettmps,  [xior  ventila- 
tion, iinil  [.Mior  anil  iii^tullicient  foiMi,  snul  him  ven'  ijuickly  to  thu 
hospital. 

It  i.*  U'vond  ivHson  to  expeet  the  .'Mime  work  ant)  cndnnince  of  a 
yontii  of  18  to  "20  jik  iif  a  fully  mature  man,  Huring  the  (.'ivil  War, 
most  of  the  l)tiv.-t  wh'i  i-nlisfi'il  under  18,  and  manv  nf  ihoMc  almve  that 
nge  and  under  20,  had  to  Ik?  diseliarged  within  tiie  firet  few  months. 

It  hiiH  Xh-ow  domoi)strat<Hl  rejtcHttHlIy  (hat  the  least  eflieienl  nrmiw 
■re  th''»!*e  eontainins  tlio  gR^test  pniportion  of  men  bi'low  the  age  of 
22.  The  first  Najiolcoti  objected  to  Imivs,  siiying  on  one  rn'msitin,  "  I 
demand  a  levy  of  :{(X),l)00  men.  Hut  I  must  have  grown  men  ;  hoys 
serve  only  to  till  the  hospitals  and  encumber  the  roadsidea."  A  n>- . 
niiirkidilc  exampU^  of  th«  iin|Kirtani«'  of  maturity  in  M»ldior>«  i*  ri'lntc<I 
by  Tardieu.'  Iti  the  eaiu|)aigi]  of  1805,  in  which  the  army  marthed 
400  li-agn(«  t^i  ri'acli  .\u-l<-rlitjc.  hartlly  any  sirk  or  .■«lr;ijigli-i->  were  left, 
on  the  way.  In  thii*  army  the  youngest  were  22  ycsirs  of  age  and  had 
had  two  years'  training.  In  the  ejimjMtign  of  180i>,  on  the  other  hand, 
the  »rniy,  wliieli  had  but  a  short  distance  to  march  on  ittf  way  to 
Vienna,  tilled  all  the  hi^spitals  on  the  way  with  it-  siek.  More  Uiatl 
half  llu'  ■■rihliers  of  tliis  army  wre  imder  20  vear-  ol'  agi.'  and  inos- 
(leriencHil.  In  the  eelebratt-d  march  of  Ixinl  Hobert.s  froTu  Kabul  to 
Kandahar,  the  young  soldin's  gave  out  from  day  lo  day  and  till  Ix-httu], 
while  llie  old  ciiinpaigiiert  Hpi>eured  to  gain  in  vigor  with  each  chir'a 
march. 

Xot  only  are  yonng  recruits  less  able  to  nndei-go  the  iisual  work  iind 
the  hardships  than  seasoned  men.  but  rhfy  are  nuieh  more  susoeptible 
to  di.-k^L'ie.     .\ilkcu' relut*'!"  that,  during  the  Crim«iu  War,  whcu  tlic 

'  Plclioiinslr*  (fUv^Jiw,  III.,  p.  1 

*  On  tliB  Urowth  of  tin,-  RwTuil  uu]  Vnuiig  SuUlier,  W  Kdilion,  Iianilun,  I8ST,  p^  58. 
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Commiinilcr-in-f.;hief,  IahxI  Knj:luii,  wiw  inforninl  tbst  2,000  iwmiM 
were  PBidv  to  be  sent  to  In'm,  he  replied :  "  Tliose  last  sent  wm  « 
yoiiDg  1111(1  iinturmo'l  i.lint  thi-y  tVII  violiiiiH  ti>  r|!i<ci»M>  mu)  wi'tv  twi'iit 
ii«iiy  like  flie-i."  He  iirefiTifd  to  wait  nitber  tlutu  liave  sud)  ynune 
|]i(U  H'lit  tn  liini  iH  wililifiM.  Other  <-<)rniimii(lern  iu  tlw  CrtHKii  ti^ii- 
Bcti  tliut  yoiiiip  n-cruits  were  of  veiy  inli-rior  value. 

The  ffreater  sufoeptibilitr  nf  young  stildi(>ri)  to  tyftlintd  fov^r  n; 
dcnioiistraltfl  by  Dr.  F:ii-r,  the  Britisb  Ki'^l'^tnir-GeDeral,  and  l>y  Dr. 
Balfour,  wbo  iJinwed  tbat,  in  IHSil,  tlie  niiiiy  ii)  India  omliiiuiil  II 
|HT  <?i'nt.  of  si)Idien<  under  2'i  y«ir»  of  iijre,  and  tbat  amoni;  tlii*«uD- 
tineent  tbe  deatb-mte  from  tliiH  di^iense  was  4.:t4  [ht  tbotL'aod,  uliil" 
ttuit  of  the  men  of  25  to  29  veuw  wii»  but  1.50  \vt  tliniifiinil.  1" 
n<-vvly-iirrived  regiments,  nearly  half  of  tbe  total  deiith-rate  wiit^  f""" 
tliW  di.'^ciifti-.  Aitlten  ^ivi-s  ii  nuiiiIxT  of  in>tam'ii<  of  tbe  iiiilu(«iv'^ 
yoiitli  utid  fiboit  rcsidenw  on  tbe  prevalenoo  of  thifi  fever.  Mex 
station,  for  example,  out  of  -H  eases,  35  occurnil  in  one  rcfpnurrl  (rtij- 
[Mwi-il  ])rin<'i)udly  <»f  youiif;  #uldii^rs,  and  33  autoiig  men  of  kw*  itan 
one  year's  residenee  in  India. 

In  1148:1,  in  ln<liii,  :t<l.*i5  )>vr  oniU  of  thoMv  invaliditl  hotnewnt 
uu<ler  "J'l  ywirs  of  age,  and  in  1  HS-t,  ."(8.70,  the  imiiei|Kd  distowe  lutw 
silatiug  invniidiiig  Iteinjr  ana'miii,  ilt-bititv,  phtliioii',  be|Mitil(%  nodili^ 
vai«es  of  the  liuirt  and  arteries.  Tbroiij^hout  the  Penm><uliir  War.&MB 
ISO.i  to  1814,  it  wa.*  oli!*er\'ed  thnl  the  "eoifn*  whieh  arrivotl  fort«nK* 
ivere  ttlways  iiieflbetive  and  sickly  in  pi-oporlion  ai-  thej'  were  oiwl*  "1' 
of  men  «ho  b;td  rteeiitly  ji>inKl  tin?  ranlif,"  and  it  wa.-*  tsileiilalt;'! '1^' 
300  men  having  five  year*'  ex]»erienee  were  worth  inorv  tluni  1,'*^*' 
newly -arrived,  including  the  uetual  projwrtioii  of  young  iwpiiitn. 

Surpeon-Cieiieral  StenjlxTjr,  of  the  U.  S.  Anny,  in  hi*  nnmial  npof 
for  ISrto,  ehiiwrt  that  the  gi-eater  proportion  of  Hckne^  omirnd  "Hic").' 
tuihlieni  under  ^1  ywiRt  of  nge,  and  tbat  Up  1o  iIm-  apt  of  '1T>.  ilir  nf 
.  was  BO  mneh  above  Hie  average  for  tbe  whole  army,  that  l»e  iiiictli'W 
whether  their  serviee.*  hud  Imi'H  ii  lair  n-tuni  for  the  cttet  of  ibeir  iwu'*- 
t«rnaiK'e.  In  lS!Kl,lhe  firitihh  Medicid  Aifwti-ialion  |tittw<I  n  nrwIiiM 
ref|iie^ting  tJie  (Vmiieil  Ui  i-itinmuiiiiiite  to  tbe  War  Ottiee  tbe  "piin^ii 
of  tbe  Section  of  McxHeiiie,  that  no  iHihlivr  ought  to  serve  in  tbe  lini** 
earlier  than  '2'J  years  of  age. 

In  favor  of  the  young  nrruit,  Woodlmll  oavfl  tliat  yoimg  nif n  •" 
more  eafiily  tniinetl  and  moulded  tlian  old'-r  men,  rwjHy-ially  I'nr  '•' 
eavalry,  anil  when  well  led,  fight  as  well,  as  far  an  mere  coursp'  p"* 
Pol  ni*  we  cannot  kwp  young  Holdierx  wvend  yenrr-  in  trniniiijr.  ■ii^** 
hirge  Ixxiies  of  troops  can  only  be  raised  for  »nddeu  war,  Tottt  "<* 
Htxiibilely  mature  must  !«■  reji-eted.  I^onl  Wolseley  preferi*  y«iii]B ■**' 
utiil  «iyti : '  "  tiive  me  yniuip  men  :  they  do  \\\\n\  th'-y  nn-  bid,  an'l  ''"T 
gi>  where  thev  are  tohl ;  thev  l>eeome  more  ann.-iiabte  to  di^-ipiini".  *^ 
tboiigli  when  you  eateb  tbem  fir»l  they  may  have  t«in»e  difliw''/  "" 
tarrving  their  kna[>^ekf,  onee  thej"  gel  beyond  that  tliey  arr  i"  *  " 
condition  to  take  tbe  Geld." 

'  (^iMod  b,T  AiibMi.    Lom  citato. 
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If  young  men  nre  enlisted,  the  work  should  l»e  Huit(>d  to  their 
sfri'iiptli.  and  it  should  tw.-  kept  in  miml  ttiiit  tliuv  iiri-  ftill  in  tin-  i;n)W- 
ing  and  devolopiii(r  ntage,  and  shotdd  have  uo  grtiiter  niiiouut  of 
phvsiud  uxeix'ise  thriii  Is  ^niU.HI  to  ihcir  vendition.  In  olhiT  wonls, 
their  work  should  be  pn)portioiied  to  their  growih,  and  in  two  years 
ihrv  will,  iM-i-lui|is,  have  di?vi'lo[>ed  into  valuahlt-  .-uldiirs,  'I'liktii 
between  the  ages  of  IIS  and  20,  and  drilkil  and  trained  with  duo  rt^.ird 
10  his  immaturity  and  limit  of  <'ndurunoe,  ibf  rwmit  often  sliows  great 
progress  in  general  dovelopinent  wittiiii  the  tirsl  half-year,  jinrlicnliirly 
if,  lM-fori>  onliMtnieiit,  he  iva*  jMiorly  fed,  elothed,  an<i  hoiwd,  and 
cngiigci]  in  an  iiiiloor  iKi-iijcitinn.  HUwnrk  .ihonid  !»■  nxHlcmU'  in 
the  beffinning  and  onlygiiidnally  inercawxl,  sinee  vhimge^  for  the  better 
in  tlic  tniintm  IhmIv  cannot  Ix?  hmiiglit  about  suddenly  likf  tho«>  for  the 
wo^J^e,  inducW  by  attempting  t«  do  too  much  ul  the  outset.  Since  liis, 
lunp-,  heart,  and  Ii1ihh1-vii*si-U  are  not  yet  fully  developed,  he  ean 
neither  go  through  the  manual  nor  cover  ground  lik«  the  seiL-t^ncd 
ftoIdi«r.  The  heart  is  called  ujwtn  by  the  ne\v  and  iimioeiuitomed 
«xercl«e  t«  contract  at  a  gr«Ucr  rate  than  Imd  Ihi-u  it>  hahit,  arid  lie 
iioon  beconias  "winded,"  When  this  stage  is  i"eaeliwl,  and  he  Ijc'gina 
Id  fi.rl  or  show  iii,»ir('«s,  he  shonh)  Ik*  allowi'd  and  i-neonmgwl  to  n-.it 
unlil  the  throbbing  of  the  heart  and  the  swelling  of  the  hloiHl-veMcU 
subside  anil  |M'rmit  liis  lungs  In  re-sume  easy  hn^iithiug  ;  otherwjsi-,  he 
is  more  ihiin  Hkely  to  bri'ak  down  »oi)ner  or  later.  Witli  prv>perly 
n^lati^  escreiKO  and  good  fi«d,  he  ought  sewn  to  show  gain  and  not 
loss  in  weight.  .Should  progre.ssive  to^«  tx'  obscrvetl,  it  is  a  ()uesti<>u 
whether  he  is  likely  to  Ix^ome  an  eflieient  soldier,  and  ht-  should  forth- 
with he  referrc<I  for  mtilical  examination.  Under  the  regulations  of 
th<?  British  army,  all  recruits  are  kept  under  medical  ob*t'r\'atioii 
^hiring  the  fii'^l'  Flirti'  month.v  of  Mrvict-,  during  wliicti  time,  in  aihliliou 
to  the  onhnary  drill,  they  have  an  hour  of  gymuiistie  e.vereise  dailv, 
nuder  ihc  su|M.-rvision  of  a  mi^liejd  nnin  ;  and  if,  during  this  jM-riiKl,  a 
man  shows  luifavor.ible  indications,  he  is  examined  by  u  medieal  board. 
Should  thi-i  body  conclude  that  lie  will  not  ultimately  develop  into  an 
cflicient  tJtlilier.  he  U  at  once  discharged  on  that  ground. 

Height. — [u  this  country,  the  niiaiumm  height  for  all  branches  of 
liic  wrviw  is  -5  fe^t  1  inches,  "althougli  retTuiting  I'Hicer*  arc  allowed! 
to  exeroiae  their  discpetion  as  to  the  enlii^ment  of  desirable  recruita 
(such  ns  hand  nuisii-ian.",  school  teachers,  tailors,  etc.),  who  nnty  fall 
not  more  than  one-fourtli  of  an  inch  below  the  minimum  sUindai'tl  of 
hei|.dit."  The  maximum  for  the  cavalry  alone  !■<  o  twt  10  inches,  and 
for  all  other  hrancheB,  aeeiirtling  to  weight.  The  minimum  height  t« 
subject  to  change,  if  necessary ;  but  it  has  bec!n  demonstrated  that  5 
feet  '2  inehi-s  is  about  the  lowest  limit  for  efficiency,  men  Ixilow  that 
height  having  pn>ved,  as  a  class,  to  have  com|Kiratively  little  slaying 
piiwir.  and  to  briids  down  lor  want  of  sfn-nglh.  In  the  Etrillsh  anny, 
the  minimum  for  the  iuEintr\-  is  the  same  as  with  n^  ;  the  limits  for  the 
cavalry  are  ^  feet  6  inches  to  B  feet  1 1  inches ;  for  the  liouiiehold 
cavalry,  ■'>  feet  1 1  iachctt  to  P>  feet  1  inch.     In  tht;  French  anny,  the 
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miDiiiuim  for  Cuiraesien  is  5  ^et  7  incbce ;  ibr  the  attuitry  o  foi  1 
inch. 

Militnty  orgauixutioiiK  Mniix»cd  cxoltisivcly  of  very  tall  men  if 
imiMiiiiDg  iiitiMniraHcc,  an-  inN-iiili-<l  fur  <liK|t]iiv,  nod  iit>t  for  iIh-  u-iial 
work  (if  llic  M)lilR'r,  imil,  iinUnl,  liave  otlcn  pn>v«l  to  be  bckiii|;m 
thv  cHtrcutiuls  of  pnkI  t4ol(]i(!r!<,  uiili'.'vi  (hoy  an.-  iinuaiully  weU-propir- 
tioned.  'V\w  titiiKTiorily  of  »4ditiunal  heif^liL  is  comiuonly  foaail  lolit 
ill  the  log  uiid  aocUf  and  u'lteii  U  foet  -'t  io<'he^  Li  cxoeeded,  the  in- 
tlividiuil,  :i»  a  rule,  i^  imt  jinipurtiDtnitoly  lU-vi'iojHil  in  tho  dicM  tiul 
iiiii.H-iilur  itysUm.  8ucli  iiuii  iin-  Kiid  to  be  mom  jiroue  to  iliwii«»  in 
gvnci'al,  and  more  e>j>eriiilly  to  jmliuoiuir)'  noitipLiint.t,  ilutn  men  of 
mLtliuiii  ii<M);ht,  nml  (lii-y  Ih-cohil-  fntjj^ii-d  more  eurly  OD  tlie  maivh  bnI 
tirwliT  all  i-iitimit'timces  where  t^n<)iiran«^  in  of  the  firsi  DKmtr. 
Their  munplft*  an-  Umgi-r,  ihi»mi«i  Kw  fasciculi,  mu)  worit  looprlrtw 
lliiii)  thom!  of  the  i^liurt  men.  Tliey  aUo  offer  a  iK-tter  lar};«l  for  ibf 
enemy.  On  the  olhvr  liund,  very  nhorl  mcu  iiiv-  ijuiir  il-<  iibji<cliiHutile 
u  their  ovet^taJl  vommdee.  During  tW  Civil  War,  the  emallivt  ma 
enlifited  hmke  down,  iis  n  nile,  nt^er  hat  a  few  wwJjk'  MT\'ii»  in  tit 
fifhl.  There  aro,  of  courj^e,  ex<.vptioiuilly  tihurt  men  who  are  iipu.iiiiilly 
miM^uhir,  hut,  il«  a  claKi,  they  are  wtiuting  in  stmng^tli. 

Weight. — In  thi^  oimntry,  there  is  no  mininmin  weight  for  \1* 
cavalry,  "  in  whieh  enlistments  may  he  made  without  regnt^  to  a  mb- 
iiiiiiin,  piiivide<l  tho  elu-.-it  iiieiii<iiremeiit  ami  ehi-Ht  nwihility  are  («W- 
tiiL'tory."  The  maximum  tor  tliis  bntnch  i>i  l(io.  In  all  oilier  bnindie', 
tlir  niiniinmii  and  ninxiiiiiiiti  are  ri?>|Kt-tively  12it  and  1!)0,  liut  ■ 
nvniit.  esceptionally  good  in  all  olhtr  «*|K-ets,  imiy  be  aeocpCcd  is  any 
bnm«h  «t  130. 

Examination  of  the  Recrait. — The  fir^t  Htrp  in  the  vxaaiimtioD  « 
II  rnroit  is  ihi-niiiirli  wa.-liinj!:  with  soiip  and  water.  "  It  i§  not  IxJiMW 
to  be  good  (lolicy  to  enlist  men  who.  thiai^fh  iil>U-lMidi«fl  ami  iuieilirnl. 
appear  at  reeniitiug  ctatiouM  in  ragged  or  filthy  drese,  iw  tin-  cioufW 
an^'  i<iielt  men  an.-  trtim[)><  and  viigalxmdK  and  will  not  maki-  p"« 
Holdiers,  Men  ^^'ho,  tliongh  attlrcil  in  ctcttU  and  n*jKH-1iJiIe  cJi'tliiir|[> 
an-  found  U'  Ih-  lillliy  in  Iheir  |ii'rrone<,  shoiihl  In-  pnxiipcly  rejeilflt'' 
like  reiifon.'"  He  ih- then  prvjuiiteil  to  the  examining  otlinr  witli"* 
clothing,  in  n  well-hghtwl  room  birgi-  enough  for  exercise  in  wulbrv'. 
ninning,  and  jumpiii};.  Here,  he  ifi  j^nlijertrd  to  a  i-mrehing  pliw™ 
exaniimtion,  and  t'tn-li  deviation  fr^>m  the  normal  htiind-ird  i*  W^ 
In  iiddilion,  hif  family  uud  jR'i-niin.-d  lii.<|oiy  an-  oblaimtl  of  th(-»|i|^ 
rant,  whi')*e  replies  to  the  pi-cscriheil  (piet'tione  are  rwordwl  witli  n>" 
olher  intbrmatioii  nn  U'ltn*  (m  his  tiimTsit  for  tlw-  dutiw  of  a  mvWi*-"'' 
This  inipiin'  is  made  before  the  pliVHml  examination  i«  bcfHin. 

The  examiimtion  L-  very  thonui^'h,  and  inehides  the  mental  rowJiti'^ 
the  scnseii,  the  priiieij>;d  ortpms  of  the  lioily,  the  gi-nertl  fimniitioD,  T 
chest  rttpiiciiy,  tlie  condition  of  the  tintli,  skin,  joints,  snd  feet,  3i«it 
pri-scnce  or  iilwcnee  of  hernio.  varieoeeh-,  and  otiier  di^^mdifkiitionf'. 

The  Iciidiiig  eha meter i>itic^  of  a  good  eonstitiition,  aa  oiunieraleil  1 
'  Manual  (of  llic  Modical  IA:paruiieni,  WwKingtan,  IWH,  p.  6(. 
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Dr.  C.  S,  Tripler,  U.  8.  A.,  luv  us  follon-v :  "  A  toU'mbly  jiwt  projxir- 
tiiiii  between  the  diffei-ent  iwrts  of  the  triiiik  and  menibei's,  a  wcll- 
!iba|)0(l  bojul.  ibick  Imir,  n  emintciiiuici.'  csiinw-'ivf  df  bwilth,  with  a 
likely  eye,  skin  nut  tori  wliiti-,  lijjs  retl,  teeth  white  and  in  good  eondi- 
tiiin,  vcii<^'  .irriirifi,  !«kin  tinii,  chol  well  I'linmil,  hilly  limit,  jmris  of 
etaieratioii  well  developed,  litnhs  nin^euliir,  feet  arched  sind  of  moderate 
Ufn{;th,  haiid.4  large.  The  gait  should  be  ftprightly  and  ("pringj',  ^|H.!eeb 
prompt  iind  elesir,  and  niimncr  ohwrfni.  All  Iiink,  !>li^ht,  puny  men, 
with  eonti-aeted  fijfinvs,  whose  ■  levelopinent  is,  an  it  were,  arreniixl, 
ahonld  Ik*  set  :i>'idi\  Tin'  ivversi-  of  the  ehiinM^U'rislics  of  a  p.iod  eon- 
stitntion  will  indicate  infirm  health  or  a  weakly  habit  of  body  :  loose, 
Hubby,  white  skin;  Innjr,  cylindritiil  neok;  hing,  flat  feet;  ^tiry  fair 
eoniplexion  ;  fine  hair;  wan,  sidlow  coimtenanec." 

Oil  biiuKiieet-pIi'il,  the  recruit  in  list  Ik;  vaeeinatt-d  immtnlialely,  unless 
thea<  i>^  nnnii^t!ik:il>le  evidenec  of  mieuwwful  vucvi nation  within  a  roi- 
aonable  iierioii, 

ChcHt  Capacity. — The  dctermiiiatioii  of  chert  capacity  is  of  friviit 
vahie  iind  iin|>ortanee,  wince  it  farni!-he6  an  index  of  the  vigur  of  the 
mindidule.  Th<-  fai-tors  cmpl'ivi'd  ;tre  the  i'lie--<t  iiii'!tsiin'rueut.«  and 
extent  of  mobility.  The  ehcjit  j;irth  is  luetLxured  by  ineuim  i>f  a  lape- 
meanure  |iiiH:«.-d  miiiKl  on  a  line  ineludiiig  the  lower  portintiM  of  tl>u 
wapulie  and  on  a  level  with  or  jurt  below  the  nip)ik«.  It  is  taken  at 
forced  iiiHjHnition  and  foriM-d  expiration,  and  the  (iifforvni'i-  in  ihe  two 
meii.><inTnii'ii(«  ivpRsent.i  the  elu-st  mobility,  wliieh  i*  one  of  the  Ikw-I 
iudieatinn.4  of  ca|iiu-ity  fur  enduniiHe,  mid  In  of  iimch  jrrrater  valne  than 
the  iKTtua!  maximum  and  minimum  cirenmferenees,  Miiee  a  very  lai^ 
chsHt  may  have  !««*  mobility  than  one  eonHiderably  Biiialler.  For  men 
under  .'i  fci'l  7  iiu'h(w,  the  mobilitv  should  lie  nut  li.'wf  thnti  2  inohw ; 
between  that  lieij^ht  and  li  feel,  not  les»  than  2.o  inches;  (!  fivl  and 
above,  not  les.*  lliiin  .'t  inehi^t. 

Cht'St  girth,  weight,  and  height  are  ven,'  closely  eon-elated  in  the 
growth  and  deviUopincnt  of  a  healthy  man,  and  these  pro|M>itiiins 
slinidd  Ih-  aircfuUy  obwrvtii.  The  following  table  of  physical  propor- 
tions is  taken  from  the  ^laniial  for  tint  Medical  Dfiwirlment: 
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"  It  i«  not  necessary  that  the  appl  icjint  should  conform  exactly  to  the 
fig^ires  indieatetl  above,  n  vnriation  of  a  lew  pouudti  fromeitlier  oide  of 


the  stftmlard  in  the  minimum  and  maximum  wei|j[bt«  un<]  or  a  fnuim 
tti'  iin  iiicli  in  c-hn>l  nt<'jii>iircin('nl  Ixing  jN-rniiiitiibtf  if  tin-  a))|>lii%ii1  is 
(itliirwiH)  in  giHNi  liculth  nnd  <)p<>irablo  an  n  nvntiL  The  table  i-  ^wa 
u>  i-liow  what  !-■*  ivjpiixJkI  as  a  liiir  |m>i>i>rti<>n,  but  tin-  wi'ight  iiiii>i1if 
lit  Iwwt  ]2')  |Hiun(i»,  cMifpt  for  ctivnlry,  ur  wht-n  lots  in  wpwiiJlt- 
aiithDi'ixed  by  the  Ailj[iuml-<i<-t«Ta]." 

It  will  be  obHcrvi'ii  tliiit  np  to  0  IVi-t  7  inchoji^  iJie  uoraiul  «-cig)il  it 
takwi  t«  be  2  poutitiii  to  the  inch,  and  for  each  ineh  alxivi-  ikl 
height,  T  piiiiiuU  tinr  iuhKtl,  uikI  that  tbr  rhi^t  ffirtb  ;i1  i-xpiniti'iii  is 
till'  nil  licif^hlii  abiivt.'  the  ininimiiin,  jdst  Whw  linlf  tbe  height. 

Orounds  for  Bt^ection. — Thv  mkk^I  fiitjiK'nt  .-ingli,-  nuav  fnr  njcclinn  i^ 
dc>feL-tive  development ;  during  1HS)8,  morv  tliun  n  fourth  of  the  npf- 
ti'Jiifl  (if  r'undidatt^  for  the  rfgulnr  nrniy  wen'  made  oh  thU  ppnmi 
Second  in  order  was  defective  vis^ioii  ;  third,  (liKC.tK-s  of  the  eirviiliilnm. 
Sneh  is  tbe  nnler  which  cnnniionlv  obtains  also  in  the  Hriti-h  nnnv. 
Other  twiK'es^,  in  onler,  weiv  iliKt-nw'*  of  tin.-  tpMiito-nrinjin'  i<i]^ 
disaaMB  of  the  digefttive  apinratiiH,  had  character,  g<efMTal  iiii£liM«^ 
dnifne!<i>,  mid  illitcmcv.  Men  of  dcfwiive  development,  if  iMhiiillM. 
are  noted  for  the  time  which  they  >4jK-n(l  in  the  hospital  anil  id  ihr 
giiani-bouse.  Dnrioj:  the  inn'ly  |mri  of  the  Civil  Wiir,  thonstinl^ "f 
physically  ineffieinit  men  were  allowed  to  enter  the  army,  oiilvl-ile 
dinchar^^I  alV-r  a  few  wwk.s'  nerv'ice,  nuwl  of  whidi  wiw  |nm<«i  in  'lif 
hiK'pitiii^.  Anolher  element  which  if  is^  Tnn«t  impurtjtnt  lo  cxclmli'i" 
the  Imbitimlly  intiiniwnite.  Ac  ]>r.  Tripler  has  *<iid,  "  Fir»t  in* 
mutiny  and  lii>-l  in  n  Imttle,  the  intcni|K'ratc  miMht  if-  at  oiicm 
cxnniple  of  incubonlinatiou  and  a  nuisance  to  his  «imnid(#." 

Inimmuch  a»  tJic  ability  In  march  in  one  nf  the  prime  (ptidiAraii'tf 
of  n  fiihiier,  juirticuhir  attention  is  paid  to  the  eontUtion  of  tlic  ^ 
ankles,  and  feet.  Tbe  ixislence  of  enlar^^l  vein;*  of  the  naldr  * 
ihi^h  iir  luiek  of  the  kni-c  ts  cnflieient  cuuse  for  rejection.  XMlffr* 
rwent  bunion.",  and  corn.-*  on  the  oole,  flatfoot,  and  "luimnKT-W»"  w 
dU(|iialiliratJonii.  Fcetiil  pcrxpinition  of  the  feet  is  an  inldlmMr 
uixnncc  to  ntlierit  in  clnsc  association,  and   is   snfRcient  j^nmnd  fw 

elusion. 

The  lo*i  of  many  teeth  or  a  o-ndition  "f  jjcneral  decay  indiow.  «* 
a  rule,  n  Inek  of  i*ltmiiiia.  Moreovei-.  the  i*oldi<'r  in  the  field  nci'dspxJ 
le«-th  to  iJiew  his  hani  hiiwuit  and  not  always  tender  meat.  Ad  iwrf- 
cicnt  number  of  opjxi-uid  mntars  to  irisnre  pr(i|>er  ninslirntinn  t^  fui- 
licient  jfronnd  fnr  rejection,  hi  ISS'S,  in  Knj;tatid,  of  6(i,5fll  rwtiito 
for  rcirnliir  ser\'ico,  1,7(17,  or  nearly  1  in  ;1R,  were  rejt-cted  «i  wrtWrt 
of  liai!  leetb  alone  ;  but  tliiit  fipire  jrivcri  no  indication  of  th*  prop«ri* 
of  eundidates  who  might  have  bt*n  rejected  on  that  gront»d,  siw*  nwir 
were  t>nmtu.irily  rejectetl  on  other  gnnindN  w-ttlioitt  cxiiminntitw  </ 1** 
teeth. 

IX-fe«"tive  h<«ring,  that  is,  inability  to  dislinfrni.'^h  ortliitury  oonvfff*" 
tion  with  either  iitr  at  50  feet,  !.-•  n  <li.-«|UHlilicmioii,  lunce  onlcn  nty  ** 
«ither  not  heard  at  all  or  misundcrstfioil. 
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THE  HYGIENE  OF  THE  SOLDIER. 

Personal  cleanlilieas  Is  of  grcitt  iui|wrlurm'  in  tlie  maintviiiincv  of 
hi-nlfli  iitid  dfifii'iK^y,  and  .shouKI  be  tlie  subject  of  much  atUiitioii  on 
the  iwrt  'jf  iiiMiM?ftiiigotBt'iTti.  Gen«nil  buthiiiguiii  Imnlly  be- expected 
iu  11  litii^'  fMn\i  ill  the  winter  niontb.a,  or  at  any  time  wlieu  water 
is  scai-pe;  but  wbatevir  the  si'uson,  a  ftrnnll  aiiKniiit  nt'  w;Her,  ii  ijiiurt 
or  t^n,  upiilit'd  witli  a  waah-rag  or  Bponge,  and  with  soap,  slioiiki  l>e 
sufficient  for  a  deeciil  derive  of  elcaiiliintes.  lu  tbi.'  ^tiiriiii  r  rijonthit, 
where  wiittT  Is  jilenty,  full  hatbc  and  ifwiiuniing  fiboidd  be  encouraged. 
During  prolonged  eanijmiguis  with  liiuittHl  opportuiiitict  for  keeping  the 
person  and  elnlhing  clean,  many  men  are  dij«ibled  by  eliafiiig  and  ul- 
cerations, following  irritntion  of  the  ckiri  iiv  [xT^pii'utiori,  du.-l  iind  dirt, 
and  eoRtact  witii  unwashed,  hardened  underclothe*.  Body  lice  slwuyi) 
miikc  their  appiiininoe,  and  atld  nuioh  to  the  diAeomforl,  wbicb  i*  only 
te.miKirarily  relieved,  but  eventually  angnient*'<l,  by  seratcbin}-  witli  (be 
uaili-.  liifesteil,  dirty  men  convey  (he  evil  by  contiguity  lo  tbeireleaner 
aasoc-iates,  who  then  suffer  not  only  iu  body  but  in  mind,  filled  with 
disgust  and  liKilhing,  and  longing  to  return  to  civil  life. 

Oontentmect  and  cbeerfaliiess  arc  very  essential  to  the  well-beiug 
(if  an  iirriiy  ;  dl^eontji-nt  and  eiinni  niidermine  beattli  and  diseipllne  and, 
conse«piently,  ellieieney.  in  the  eoritinentol  annici-,  ennui,  lending  to 
homes iekne--*»,  is  believed  lo  Ik  a  prime  cause  of  the  lai-gi^  itnmbcr  of 
8uicid<w  and  cuse:<  of  insanity.  Thi»  \»  more  m:irke<l  with  the  infautty^ 
wliicb  bnuieh  rcnuin--H  less  time  devoted  to  work.  In  all  annie*,  it 
is  rceognbied  a*  k-uding  to  exrx^iiive  u^e  of  tobacco  and  lltjunr,  and  to 
all  manner  of  bad  babit".  On  the  nmrrh  and  in  time  of  geiu-rnl  ikv 
livity,  the  mind  is  Klimulak-d  and  uiiil.s  no  :'|MLvi:d  diversion  ;  but  after 
a  cajup  has  been  permanently  established,  and  the  men  have  settled  down 
to  the  rouline  of  camp  life,  they  U'giii  ti>  fret,  and  wmim  seek  wjlace 
in  tobacco,  alcohol,  anil  gsinibling,  and  not  infrwpiently  in  per^'eTsions 
of  the  generative  fnni'lion.  Gambling  is  not  only  an  unluiilrliy  excite 
ment,  but  €ngcLdcr^  seritni*  tiuurreU,  bittcnies*  and  dis'i|}poijitment, 
and  ia  (commonly  carried  on  in  crowded  quarteis  and  foul  air. 

The  nbilily  ti>  keep  triMips  in  cnnips  conti^nted  in  regjirdcd  as  one  of 
tlie  atrongei-t  evidences  of  capacity  for  coniniand  an<l  administration. 
To  ki-ep  irieii  i^ceupicd  is  not  sulltoient ;  tlu-  oi-i  uimtion  >liouId  not  Ije 
wholly  routine  drilling  and  martrhiug,  but  interesting  and  ptfnsant  work 
of  other  kinds,  and  enterLiinnu-nts  lai^-ly  of  an  tiniUKlrig  nnlurct.  Kxtni 
ilrills,  known  to  llie  men  Ui  Ix'  unnwe«sar%',  anti  carried  out  only  to  keep 
ihcm  busy,  do  not  relieve  the  situation,  but  add  t<j  the  diiEcnlty.  The 
establishment  of  mid ing- moms  and  opportunitic!'  for  following  meelian- 
ical  trades  are  of  much  service.  All  men  of  exi»erience  testify  to  tlw 
great  value  uf  ntldetie  s[K>rts,  eftm(K'litIve  tarp;-t  shooting,  gardening 
for  pleasure  and  profit,  vocal  aud  iustniniental  concerts,  \-audeviIle  and 
minstrel  shows,  theatricals,  and,  in  fact,  anything  whieli  will  otlV-r  a 
chiingi'  from  the  bnni-ilruni  of  life.  Very  little  ihiufp;  suHice  lo  break 
the  monotony  of  life  in  camps,  jnst  as  in  the  cuuntn-  and  at  summer 


fi7e 


uiuTAny  nraiESE. 


liotdfi,  where  the  arrival  of  the  train  or  stage,  or  the  puetii|i  "f ' 
strange  mrriagc,  18  aua  o\-vnt  <-ulling  IVirth  iho  <)M.-|Ki<t  iotvitet,  &n4u 
new  arrival  a  genaioe  excitement. 


Olotliiiiff  of  the  Soldier. 
Since  the  primarj'  object  of  clothing  is  llw  consCT\nn|r 


of  ho<Ivl 


in  eold  wcnUKT  uimI  {iroUtrlion  fnmi  tlu>  ilirrct  livut  of  tlu- xiiii,  itis 
esiK'iitml  tliat  tliut  ivorii  in  ixay  onv  kind  of  t'liniaie  fhouM  Ix'  ailaptitl 
to  thi^  ii<'C(-vs)tii'>  of  iJiiil  jEirtii-iihir  climnto.  It  i*  ohvtuu^  (hul  iIk' 
sunie  itnifumi  uinnot  Ih.'  ui^liI  io  tlio  Northwe.'it  and  in  tl>r  \Vc»t  Iiniii^ 
and  the  Philippine  I»lan<l.t,  where  the  blue  ttnifoiin,  ordinarily  nwd  in 
our  iirniy,  lui^  bt^-n  nnivt-n^Hy  condenniMl  on  acnmnl  of  iu  wighl. 
Therelinv,  the  material  plmuld  viirv  iicfurdin^;  1o  liu-  nnlnrv  nnJ  |ii»ii" 
of  Pi-rviee.  In  i-hcKii^ing  mau'rial  for  unifomii'.  tht-  chief  imijit>  i"  U 
borne  in  mind  aiv  llic  prii|HTti(ui  of  huit  conduction  luid  factt  alwoip- 
tton,  iK'nn»ibility,  und  diindiility. 

Wool  i*  a  jKHir  f-niidiictor,  iirul  U  n«t  ftisily  penetralfd  by  cdd 
wind^ ;  llii-n-foiv,  il  is  vcn-  t^iiiUibk'  for  ti>!d  clinuili'".  ln»  i.-  lit'l* 
to  Ik?  <i|ipn«iiivo  in  tlie  tropios.  It  nb)">rl>s  water  freely,  Wiiij;  WfT 
lij'gruw'opic,  and  thn»  it  ubi'oi-btf  tlie  |ien^pir»tion  and  prrvciit-  il 
from  evaporating  dirt-oily  fn>m  the  mirfiice  of  the  skin  am)  moehf 
thereby  Ii^m*  of  hwit.  The  ehicf  <tii>(idvftn1ii^<  of  WM.t  if  thv  iliS- 
eidty  with  whi<?h  it  in  properly  w.-t-hod.  When  inipni|H'rly  Miuhol. 
the  lilicr  "hrinks  nipidly,  iinil  I  he  fidirie  iN-eoniiit  MiiiiDer  and  much  W 
»oll  iind  aliiiorlicnt.  During  wiithing,  woollun  iiuitcriiiU  iflHitiM  tuf^ 
be  mbl«Hl  or  wrinig.  Tliey  should  Ix*  plaeeil  in  water  onnlainof  > 
pro[(er  anionnt  of  coup  in  H<hilion,  sind  movwl  sl">nl  fix-ely,  well  nufi 
in  water  ifjiitiiinin;;  no  fump,  luiil  Ining  np  to  dti-  without  wrinpn;;. 
The  ^ifwp  used  tilioulil  be  of  pood  ^iiidity,  lis  fnt-  i».«  |MwHil>le  fr* 
excess  of  nlkidi,  whii'h  injuivs  the  woollen  by  acting  u{K>n  tlie  n»W(J 
fat  of  the  ivool,  which  is  largely  cholctterin. 

Cotton  and  Linen. — IVrth  these  artJclcc  an-  prxxl  Jwiit  eoniJuctNit 
bnt  are  non-jdinirbiiit  of  moiMnre.  Kiith  rtoak  np  moiMure  flflo  ll* 
skin,  and  evaporation  of  this  reijuiivB  bo  niueli  heat  a*  pomctimw  '" 
cnua*  chilling  of  the  body.  Both  an>  durable,  awl  neither,  paJtimlaHf 
cotton,  need  lie  very  expensive.  For  imderchnhing,  both  are  muA 
inferior  to  wool,  whiHi,  being  ii  poor  liifit  condLielor  and  a  go*"!  abs- 
ent of  mointure,  prevent;*  rapid  c<K>ling  of  the  Imdy  when  it  i:"  ID  n  *""' 
dition  of  urtive  perspirHtion  iifler  ]>l;y.-«ii!al  exercise.  Il  i"  lir  ta«f 
permeable,  also,  to  air,  which  it  Iiolils  in  the  f-jwo-"  lietwwii  the  fft"^ 
and  which  luldi'  to  it.*  property  of  non-eondnetion. 

Light  woollen  uuderelotliiiig,  thci-efore,  ic  prefendih-  l<t  either  f'i|l"" 
or  linen.  A  vm-  good  mnleriat  ih  what  iii  commonly  known  a^  mi-n"^ 
a  mixture  of  woollen  and  eotum.  in  wliieh  the  ci)iton  omMitnio  n\i^ 
a  third.  This  oomhinen,  in  a  way,  the  advaulapci?  of  both  niatero*- 
an<l  i»  u  m«eh  more  washable  fnbi-ie  than  pnri'  woollen. 

Shoddy  It  a  voty  inferior  material,  made  of  tlie  liber  of  "Id,  oi*" 
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woollon  pooHrt,  inixo<l  \rith  fnjjih  wool,  with  wliioli  il  a  woven.  The 
Rinniifacturers  do  not  introduce  any  more  frt^h  wool  tliaii  is  absolutely 
nwcit'^iiry. 

Color. — The  color  of  clothing  has  an  imix^rtnnt  bcariti);,  both  phys- 
io!, urimlly  and  from  a  military  jwunt  of  view,  Colt)r  infloen«=*  the 
abf^or|)ti(in  of  h«it  mun-  titnii  the  iitiHiri.-  of  the  niut^-riiil  i(«.lf.  White 
materials  absiirh  Itust  and  black  the  most  heat.  The  difference  in  ah- 
enr|ili\'c  ijiiwcr  of  iliffcivnl  ajliir.-*  is  ("howti  iti  a  m.irkixl  dtiirw*  by  fbc 
fact  that  white  cotton  over  a  hlack  surfiice  will  rcihice  the  temperature 
in  the  MUi  iiirtrr-  than  10  d<^rce.^  F.  Gray  dtandH  next  to  whiti'.,  and 
blue  next  to  bliiok. 

From  a  military  point  of  vtcw,  color  is  important,  since  dilTerent 
color*  varj-  in  tlicir  rwinspicnousncss,  ami,  (licrcforc,  ntnilifji (tally,  tiic 
one  which  stands  forth  the  least  in  the  luiid^icape  is  the  best.  The 
must  con.ipic-ii'iOs  r'olur  is  nil,  next  whito,  then  black  and  otluT  dark 
shades,  light  blue  and  light  brown  and  gray;  bul,  iiatuRilly.  nmcli  de- 
pends on  the  iKickgriiunil :  ihnn,  gret-ii  ^vould  ix-  inconjipicuons  agaui.tt 
grass  and  other  green  vegetation,  bul  wi>uld  nhow  ver>'  dixliiictly 
against  bare  poil,  whensxs  the  light  brown  of  the  ordinary"  khaki  is 
Ibc  IcBtft  oonnpicuons  in  the  latter  position.  Culor  aUo  inflnerniw  tin* 
abwrption  of  odorTi  by  material  in  practically  the  same  order  in  which 
it  iiifliiencv-o  the  absorption  of  heat  ;  that  is,  bluok  and  the  dark  sliadts 
are  nio'-t  ab-iorlwtit.  and  white  the  least. 

1K[ilitary  dress  coats  aiv  nsualiy  elos**ly  tilting,  warm  and  oppre.*- 
sive,  and  interfere  with  proper  eX]hinMon  of  the  chest,  through  tight- 
new,  hi  active  service  in  tlie  (iehl,  they  an>  not  worn.  Undn»s  coats 
aw  nsualiy  loose,  and  are  far  more  comfortable  and  adapted  to  museu- 
^a^  effort.  The  khnki  suits,  worn  iiy  our  troops  in  the  tropics,  are  stitf 
and  Hmivv  at  first,  but  Wrome  sofW  an<l  more  pliable  with  ret)c;it<.il 
warihing.      They  are  sufficiently  loose  for  all  puqmses  of  comfort. 

TroQsers  are  made  sufficiently  r<Hiiny  in  tlic  seat,  and  n-,iMinably 
tight  about  the  waist,  with  an  inner  belt,  as  no  Htispenders  are  worn. 
The  bottoms  ai-e  cut  lmr^o^F  rather  than  willi  a  "  !*|iriiig." 

Gaiters  and  leggings  arc  nsetl  for  protecting  the  ankles  and  legs 
from  diiTit  and  mnd.  Tlieyare  made  of  brown  cotton  dnek  with  «trai)s, 
and  eomnionly  arc  not  well  titling.  When  lined,  a*  they  somelimcB 
are,  with  thin  leather,  they  are  likely  to  be  uncomfortably  hot.  The 
[KitttN;  is  made  of  a  sol^  kind  of  cloth,  in  a  strip  1  inehes  wide  and 
6  or  7  feet  long.  To  one  end,  about  2  feet  of  strong  ta|>e  are 
Cistened.  In  ajipiying  the  pnit<i',  it  i*  rolh^d  up  with  tln>  tajx-  iti  the 
wnter  of  tlic  roll.  Two  turns  are  wound  over  the  top  psirt  of  the 
auklo-boot  and  it  is  then  wonnd  spirally  np  the  I(^  to  a  point  below 
the  kiiir,  and  the  ta[ie  at  the  end  is  then  emifinued  spimllv  over  the 
whole  and  faslcne<I  at  the  end.  It  ir  found  to  lie  more  comfortable 
an<l  more  |iliiil)le  (ban  leggings,  and  doe.-«  not  blii^ter  the  heels,  wliieh 
leggings  Hjmetimcs  do. 

Head  Coveriiig, — The  head  covering  is  a  very  imjiortant  article  in 
the  drnw  of  a  soldier.  It  should  protect  uguin8t  oold,  Ik-uI,  niiu,  and 
ST  _ 
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tbc  liiiriiinf;  sun.  It  should  Iw  Itt;bt,  <IiiniM«,  iuhI  mmromble,  duI  too 
clot^ely  tlttiii);  tior  [in>s.'«in(;  unduly  anywheiv.  Tlic  Icattivr  hrluii'U. 
worn  in  »iynw  iiniiiiT'  nbnnK),  niid  tliv  felt  li4'Irn('t  umnI  id  ourf.  an  W, 
hciivy,  and  opprfwiive.  The  urdioan'  whiUr  lielruet  \^  ooiwiatuoiM, Imt 
oiHnfijrItibU'  in  Ihi-  --uii.  The  iirditiiiry  fiimm'  twp  is  HcKibk  nnil  "T- 
viteiiblc,  but  i»-  not  ^uflicii'iilly  vculilatwl  for  l»«-HiaUnT  um:  Van 
Ciunjaign  but  of  dnib  ft-tl  wilb  bnnid  brim  mid  lii^b  «n>vm  tiiu>  bno 
foiuid  to  fill  iiiont  of  tbc  ntjiiirvnieDt^  \n  the  field.  In  C'ula  siul  m 
our  new  popsessions,  it  was  tVmud  at  first  to  be  too  h«ai\*y,  but  vx^n- 
dice,  iviiMi'iiiDy  duriii);  tlif  rainy  yuiiton,  ba)>  (^oun  that  it  Inu  uilvxa- 
tages  not  )Ki.>«cK«od  by  any  otbt-r  funu  of  bend  mvoriitg. 

In  foreign  iirmie;-,  tinn(-»'i~c»)irily  b<iivy  belnieti^  and  irtlwr  bailKiv- 
eriogs  lire  iisol  bir^ety  for  purpo^-L^  of  dit^play,  but  to  a  ccnaia  extRil 
aleu)  an  a  pn>ti'(-tio[]  a^iin&t  n)»-buni(ul  injnry.  In  tb<-  niiiller  of  lii^ 
p!ny,  ihi'h-  oiii  bi-  no  <piiflioti  tiuit  many  of  them  fulfil  il»cir  I'ltjort 
adniii'.ibly  ;  but  as  a  mtstDh  i>f  cU'tlnf*,  be]Rii-t'«  of  Imivy  Inilhi-r  and 
luvtiil,  weighing  from  three  to  fmir  {Hiiinds  and  niun:,  would  hardly  Km 
to  swure  such  an  amount  of  jirn^-etion  at*  to  <'om]teiinale  for  tliec"*' 
diwii>mfi)rt  and  (bo  wunte  of  i.-iH-rg\'  wbieh  their  list*  fnt!itl.h.  lu  lid 
cliniateii,  bclmet^  of  bainbiio,  pn>vi(litl  with  pu^ja^ericc,  are  veiy  lai)Hr 
UM.-d,  beinj;  ligbl  and  afVording  giMid  jin.>It-clion  from  tbc-  mix. 

Stockings. — (.Vineeniing  «lockingK,  a  grtnt  diver^noc  of  o]Hnu> 
esisirt,  AVoolIen  rtoekinp*  fretjnenljy  eauw  the  feet  to  poiviMre,  (*« 
in  ooltl  wcntbcr  ;  but  they  are  muili  "uniiiT,  and  hence  more  iinidiiriw 
to  ennifort  than  eotton  at  duu  tiute.  Cotton  is  uiilurally  nuTc  ««)- 
fortablc  in  Mniuner,  tuu),  to  many  jMiiple,  iiUo  iit  winter.  In  our  iniiT, 
both  VvoAh  are  tstiucd.  Many  rvgard  tkiek  wootlou  iit4x-kiiigfi  »  tbt 
IjwI  for  walking,  in  all  elimati-^,  and  ii.s  a  protwtion  iigninM  f('ii(-nm- 
nesn  ;  yet  it  is  jirobable  that  many  ciu^e;^  of  i^ore  feet  are  broii]uiil  lilo* 
by  tile  exc^^^'ive  pri-^-pimtion  iiiduoiil  by  ihem.  IVrluipw  a  lanT 
mean  is  a  thin  woolteu  ttoekinp  or  one  of  fine  merino.  It  if>  imf't- 
bitit  that  tbp  stoekiiig  should  lit  tJie  foot  properly,  lor  an  ill-Suiif 
flt'teking.  i)!irtieti1arly  one  too  long  in  tlie  I'oot  or  (tw  broad,  ^\vi  n* 
to  folds  wbii-b  niime  excoriations  and  blisters. 

Boots. — The  vuble  of  well-filtiiig  eonifnrluble  b«mt^  |irnii»1titB 
uiiobntnicted  action  of  tlie  niusclei!  and  joints  and  free  eimilrii* 
of  blood  when  wnlking  for  jtlm^nre  and  exenriw,  i«  too  wvll  ki»** 
to  need  extensive  discussion.  To  the  «>ldier,  the  importjinvf  of  pJ 
lioot.1  in  nlill  griaiter,  simv.  as  bus  U^-n  said,  an  effieieiit  army  p  «* 
that  can  maroli  well  ;  iin<l  suMierK  eannol  march  with  cripjikHl  Wri- 
Moreover,  it  bnp])ens  freqiu'iiily  in  time  of  war,  that  in  un  eow^ijH*.? 
wliteh  make.-'  a  man  <lcpendem  upon  bis  walking  jxtwer  Kir  be  <■" 
life  and  lilx^rty  or  for  the  jiroper  carrying  out  of  hie  order,  s  pBidW 
i:^  liis  bc<t  frieml. 

Tile  sole  should  be  tbiek  and  Reiieronsly  broad,  so  ns  toprrijivK" 
nimiii  beyond  the  upper,  but  .■^boiild  not  lie  tm*  heavy.  Tlie  W 
eboultl  hv  broad,  low,  and  tint.  The  boot  should  be  square  aX  \\*  ^ 
or  slightly  rotuided  on  the  outer  side  in  accordance  with  tbe  Datum 
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outline  iif  the  foot,  so  as  to  allow  the  tow'  full  pliiy  in  walking.  Wlicn 
placed  «i<le  by  skip,  tli«  inner  mar^nh  of  aicli  should  nearly  touch 
thniiigliiiut  the  whole  length  I'roni  the  cn<l  "f  tin-  lut-  In  tln>  hill  of  [he 
foot.  The  !iL>ii(lo  should  niiwlipn-  have  rough  inner  uranis  or  [irojc^c- 
tions,  whieii  mnv  iiiiisv  i-liiifiii^  and  til!.''li.-rui^.  If  tiMilHl  ii>  a  lilieral 
amount  of  oil  or  grease  at  frequent  intervali-,  the  loither  will  Ix-  nindu 
more  itupplc  nntl  iil  the  ^nic  tinio  nmre  iMipi-r\'iiin.i  to  water.  A  prep- 
unition,  reconiniended  liv  the  late  Proli'ssor  Parke.*,  coiksiittj*  "fa  ini\l- 
nre  of  a  hiilf  pound  of  ^hoi'maker's  dnblnng  in  a  half  pint  each  of 
Utim.'iiI  oil  imd  of  ii  solntion  of  Indin-niblier.  S>lntion  t>  i-tli-ottHl  hy 
pentle  heat,  which  nhouhl  not  he  applied  hy  naked  Haine,  »inw  ttic 
India-rublipr  wtlution,  (^mlainiu;-;  n:t|)hthu  or  cthor,  in  exceedingly 
iuHiunmnhle.  Thin  prejtaratiuu  is  well  rnblwd  into  the  leather  uiid 
reui-wcfl  at  inti-rvids  of  thn'c  iiiont.h.s.  Thi.-  is  said  to  be  the  l>es.t 
water-proofing  nmterinl   for  iMitlier. 

Cavalry  Iwotn  with  long  leys  are  not  suited  to  walking,  as  they  are 
likely  to  pnxhifc  chaling.  WixHlhull  re<v>innK'nd.t  us  a  substitute  a 
shoe  with  a  heavy  detachable  leg  and  r-tiff  brnee,  which  enlMitntv,  be 
thinks,  will  pii)l)id>Iy  :idd  to  eonifurt  :in<l  i-t1i<rieney. 

Uod^rclothillg. — Under-shirts  should  In-  of  woollen  or,  iM-ller,  rrf' 
nK-rino,  siniH-  |hiiv  whiIIcii  is  iiub(iind)le  by  many  and  l>ecause  of 
the  rapid  ileteriuration  which  follow^  inipro|>er  Hii»hiu(i.  The  wonllwi 
nniler^hirtri  issuwl  .it  fiisl  to  ihc  iroop-,  in  f'ulm  and  the  Philij>pine« 
wi'rc  coiiijvlnini'd  of  ;i»  cnnsinji  riiiich  irrilalion  of  the  ^•kin  fniiii  pricklv 
heat.  In  the  tropic,  a  lijrht  weight  wi^dh-u  nndershirt  is  of  the  high- 
est iuiitorlHUce  in  the  pR'veiition  of  bixiy  ■■hilling  fiiiiii  evapn-alion  of 
{)er)i  pi  ration.  Half  cotton  and  half  woollen  or  two-thiiiIs  cotton  and 
nmMliint  wooll<Mi   arc  highlv  rct'ounnmiUtd  lu  ndvnniJij^'^Hi^  (umibiun- 

tioMs. 

The  ordiiiary  shirt  of  the  s<»ldier  is  made  of  Haunel,  wilh  a  collar 
and  brmst  pix-kets.  Il  1*  niude  fiiiHy  full  and  is  ver\'  comfortidde. 
AiVoodhull  re(N>nimends  the  carrying  of  an  extra  shirt  for  weiiring  next 
ihc  body,  the  tw<i  Ix-ing  worn  alternnl*'lv.  '■  \t  the  cliwe  of  the  ilav's 
work  the  worn  shirt  should  lie  t^iken  off,  drieil,  stivtchwl,  wcll-lHiitcn, 
and  hini^  in  the  wind  and  mui.  This  shonid  Ik-  done  even  when  thert^ 
is  no  chatine."  Drawers,  Ktockings.  and  trousers  shotdil  be  treated  in 
the  sanii-  manner.  Drawers  are  nfce.-«*«r\'  for  cleanliness  and  warmth. 
They  are  tiuide  of  the  wnuc  materiid  a-  nu<ier^hirt>.  In  many  of  the 
fon^ign  armies,  drawers  arc  ni>l  is-netl.  and  men  who  dcj-ire  them  are 
oblijriti  to  furnish  llieai  at  thi-irowti  eviK-nse. 

Abdominal  Bands. — Alxlominal  protectors,  either  ill  the  form  of 
the  well-known  ahdonihiiil  Iwiml  «r  of  ^midl  flannel  apmns  to  l>e  worn 
next  Ihc  skin  over  the  bowels  are  regarded  as  venr'  essential  in  pre- 
venling  Imwel  troubles,  which  lo  efanmoidy  apiwar  atler  -ibrupt  change* 
in  teni(H'ititnrc;  pniterton'  are  wpwially  vabiidile  in  thf  tropicH,  where 
diarrho'al  diseases  should  he  prevented  as  much  as  iioKsihle,  on  necomit 
of  Ihcir  |H>.-i.-iblc  seriou*  and  fatal  rcxnlls.  The  alMloiniiml  hand,  coni- 
tnonly  called  aim  "chok-ru  belt,"  encircles  the  whole  of  the  lower  part 
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of  the  body.     Till-  fluiiiR-l  apmii  pP(i«octi»  oiilv  tl»c  nutrrKkr  j»n,  and  l- 
t'lLiU-iKi)  willi  &  tape  artiiin<i  ihe  wai&l, 

The  "kiitiiiiiiTliiiiiil '"  is  iiiticli  piyfcrnil  h\  inuiiy.  Thi*'  is  n  com- 
inon  article  uf  i\tvr*  nDioUf;  \\w  iiiilivi.s  of  liut  I'^Mcm  ciMiulriu^.  It 
i«  H  bniud  fold  of  olntli,  woiiml  tightly  five  or  mx  t\a\K»  nl>out  tW 
u'ai»t,  tor  tbo  ]inilcolioa  of  the  lower  part  of  Xhv  ^piiie  fruDi  tlic  wat 
nivii,  nnd  lo  act  oii  a  nipport  to  the  Itaok  and  Initio.  It  '»  nindenf 
i^ilk  iir  cotliiii,  i)r  n  mixlliir  of  the  two,  in  Iuii(;llii>  of  ten  to  liili*ii 
tii'l  and  about  twelve  to  eighteen  inches  in  nidth.  To  pilt  il  "h, 
nnv  nei-d!'  llu-  nssiritanat  of  n  eonijMUiion.  It  ii>  fo]d<tI  ohm-  li-iiirlli- 
Vi'lsv,  do  that  it)-  breadth  i»  reiluc^d  a  half  iiiid  ite  tliir]vne»-  dniilM 
and  th<-n,  whilo  i^trtHehed  tant,  one  end  !.-<  ]>lii<-<>d  in  [Htpitiiii]  and  Ixlii 
theiv.  and  the  inTwin  tnrn»  the  ho<ly  nmnil  nijiidly  nntil  iW 
lenfilh  in  Motuid  otf,  when  the  end  U  «ircl"ullv  fa--<ien^l,  po  llat  il  nuj' 
not  ^v<trk  Kmjih'. 

These  proteetives  of  the  abdomen  prevent  the  e^'apomtiiHi  of  |W 
lijiinition  and  eliillin);  (»f  the  abihimon ;  witli'iiit  tlxni,  dianio*  i> 
likely  t<i  be  indiivi'd  liy  -li;;ht  eanf^-s. 

Water-proof  blankets  of  niblK-r  or  other  mntcrinl  are  wn  tat- 
]M>rtant  n»  a  pivlLvtion  against  niiii  or  roil  nioi^turt-.  AVbeu  (11(111,1:4 
lu  lie  on  (himp  ground,  tliey  arc  a  great  protcrtinn.  In  tiw  Iropts 
at  oertain  seiwoiw,  tht-  raiiifull  i>  exit\-dinj;ly  hwivv  and  twlcci  ii» 
use  of  some  form  of  Matri-priKif  ovemiat  ni^ewian-  ;  but  siniv  tW 
an-  very  hot,  il  is  inip'iHaiil  t"  olnnin  thrni  of  a.^  light  a  niulerraJ  i* 
{KMsible  without  saerifuiug  ligbtnecs  to  durability.  India-mMw 
itself  cannot  \»'  worn  lialiitimlly  or  fiir  a  htng  time,  lH>ca)i#  of  » 
ean.-ing  givat  discomfort  tliroiijrli  retention  of  h«it  and  p«>pinti«. 
It  IB  of  innoh  ninri-  value  in  the  form  of  a  blanket  to  ^jirend  m  w 
gntuud  than  as  an  arliele  of  eluthing.  Cloth  nuiy  Vk-  inaile  w**" 
pr«>of  by  ultenialo  dipping  into  »o)uttnnt>  of  aluminum  snlplulr  fflJ 
soap,  or  liy  thoivngh  Koiiking  in  mw  liuM-ed  oil  aitd  i-X|Mi«tiig  I"  'I" 
Kun  until  thoronjrhiy  dry. 

Other  articles  isKueil  during  very  cold  Hi«ther  for  exira  wnraili 
include  howi-i,  glovve,  overshoot,  and  OTcreoute.  The  o\trcw«  M< 
unlinid. 

The  Soldier's  Exercise  and  Work. 

MarchiDir. — Sinw  the  most  elfieient  army  i«  that  which  h»»  I*" 
great&d  cajBieily  to  t-ndnrc  hardship,  it  follows  ihal  axKh  nti  am"  <" 
ilo  the  longest  and  best  marching.  MTiile  tlic  civilian  way  np^ 
ihiily  walks  of  leu,  fifteen,  twcniy,  nial  more  mih^  a.-  no  piwil  *""'* 
on  the  system,  the  first -mentions  I  figure  is  accountt-il  pill  avmp: 
travelling  for  soldiern  on  a  long  niatvh,  and  the  scewnd  f"*  •»''" 
moveaicnl*;  but  cither  of  tbe«>  figurc«  may  reprewitt  escenJi'ifi'?' 
gtHn!  work  by  the  best  of  men  in  some  elinuktcs  an<)  -teasonn  flwl'*** 
!H>me  romir*,  or  by  rnw  rerniit--'  iu  their  fn".'!  marelu-K  nver  (b«lT*'<* 
roads.     This  is  not  for  a  moment  to  be  looked  upon  u*  eviileoi*  ™ 
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tVic  civilian's  supiTiorify  ovit  tlit-  i«iUlier  tut  a  walker,  for  tlie  two  per- 
form the  cxerciee  under  very  diirpi-eDt  con(liti(in!i. 

Tli(>  civilijiti,  ill  rlio  fir.-L  \>\:in;  wiilkf  hIihii;  or  wil)i  a  cotii |i:inion 
or  two,  at  tiis  own  gait  and  aworciinj;  to  liis  own  will.  Ik-  may  vary 
liir*  sii'|i  and  may  nwi  at  bi>  i)Ii^siire ;  ln>  oiirrita  no  gn'atw  biinlfn  ilmu 
a  walUtiij;  ^^tiok,  and  may  Miit  tiimsi-lt'  in  llic  matter  ni'  driss  and  in  tlic 
manner  <.>(  wearing  it.  The  !<oldiei',  on  the  contmry,  is  one  oi"  a  lai^ 
IiihIv  |U'iHKHilinjr  K'lmcwliul  MitHy  at.  a  [Kifv  n-l  \>v  one  in  t'omniund 
and  not  altoraltile  at  wilt.  He  L'lrirrie:^  Lis  arms,  accoulninuito,  and  all 
hin  lH'lon;rinjr»,  and,  iKn'li:i|H,  hi.H  nilioni^  fi>r  a  rinmU'r  ol'dayn,  and  in 
hanijKTt'd  l»y  *tra]is  and  c-lotldti};  wliidi  inl^Tfere  with  frw  circniulion. 
He  n-!*(3  wlieii  ordered,  may  l»e  haittil,  without  i-ejiiin^',  with  anuoyin); 
fni|ncnry,  anil  may  "  mun-li  at  oiL-'it"  only  wlicn,  in  tlio  jiidj^meiil  of 
the  commanding  officers,  this  is  practicable.  At  one  time,  lie  i«  moving 
widi  (-\ii.'<)N'i-:ilin[^  ^lowiics-s  on  aixtnuit  nl' ol>-tjii-Ii'.->  alicjid,  and  again,  h 
hnrryinR  to  catch  up  witli  thow  gone  hct'orc.  Moreover,  ht*  nmrching 
gronnd  U  ohoi^-n  lor  him,  and  hin  inili'!*  arc  eillu'r  through  dust  or 
mud,  for  n  soil  so  damp  sis  to  Rive  off  no  dnsl  is  spiiiltly  convi-rlwl  to 
mud  hy  the  imi>iie--in  of  many  fiH>t.  Then-font  it  U.  that  the  soldier's  10 
niik^  rcprtX'Ut^  much  more  [ihvsiral  c\crtion  than  tin;  i^iviliiiii's  ^0, 
and  hiii  lo  miles  much  more,  all  things  consideretl,  than  oO  |ht  cent, 
inennsi?  over  his  10.  Korccil  niatvlicH  of  2'>  mile*  and  longer  are 
very  exhausting,  and  cannot  be  kept  up  for  more  than  a  very  short 
time. 

One  of  the  most  notable  in.-tances  of  long  distance  marcliing  in  a  few 
houi-s  in  ifocnt  tinuw  \*  that  of  the  City  of  Lion<lon  Ini]M'nal  Volnn- 
tecrs  who,  iu  South  .VlVira,  In  August,  1900,  covereil  'M  miles  in  10 
hours  hoping,  awoi-ding  to  a  (k'^palch  of  I^ord  UoU-rl.t.  U<  prevent 
Gencnil  DeWet  fmnj  eniK-iing  the  Knigcrsdorp-Potchcfstroom  railway. 
The  celcbraleii  march  of  Tjoiil  Ilolwrts  fi-orn  K:diul  to  Kandahar,  in 
18811,  over  very  rough  wannry,  wiw  in-rfornn^i]  in  2S  days  The  long- 
est day's  marches  were  20  and  21  miles,  and  th«  average  distance  oov- 
ered  was  nearly  17  mil«*. 

.Vniong  the  be^l  known  long  marches  are  several  by  tTnited  States 
tiwops,  who  hold  the  recoi-d  for  loug  di«tanee  eoulinuoUH  nitin-hing. 
In  IS-id,  iiir  exampk-,  a  regiment  of  infantry  marched  from  Fort 
Leiivcnworth,  Kansas,  to  a  jxiint  in  C^ilifornia,  a  diManee  of  1,800 
miles  in  190  days,  28  of  whk-h  were  given  up  to  resting,  so  tliat  in 
1U2  days  of  articd  marching,  an  average  dUtance  of  a  little  moi-e  than 
11  miles  was  tmversed.  In  ISOO,  n  [loriion  of  iinotlii-r  n^iment  went 
from  Caniji  Flovil,  L'tah,  to  Fort  Buchanan,  Xew  Mexico,  a  distance 
of  I,0O0  miles  in  140  days. 

In  the  Fi-aneo-t*rn!<«iiin  War  of  1870.  a  eompany  of  Frt'uch  rhaju 
scurs  marched,  In  very  inclenient  weathei',  over  an  e.\<'eodinglv  diflicidt 
roail,  for  41  hours,  with  one  rest  of  un  hour,  .-motln-r  of  twoitnd  u  half 
boiiP",  and  halts  of  8  minutes  in  each  of  the  marching  hours.  The 
exact  distance  niarehwl  is  not  known,  but  the  instance  is  «il«d  as  one 
of  exceptional  endumnee  ami  hardship. 
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In  rair  anny,  onliitan' iiwl  quick  niarclting  mil  res^pcotittlv  fnr  ** 
ami  120  steps  of  30  inchra  «tch  |kt  niuiiitt-,  or  .^li^rlillv  over  'I.a  »»! 
3.4  iniUv  |icr  honr.  ]>i>iibU-  tinw,  whioli  is  <)Hirkly  rxhutijuUnt!,  call" 
for  180  steps  of  35  inclie;^  each  per  minute,  the  e«juivalent  of  nearly  6 
inilo  [K-rhiiiir;  il  iiiii  tic  siiHlaiiHtl  fi>r  not  Ittn^-r  tluiii  2  tttilt^^  I15 
n\"vv  tliun  avrrip'pKMi  trotius  Willi  tlio  wdjjlit  cjirriecl.  30  iitctm 
](cr  stpp  ii^  (piiu'  jiiffieicnt.  In  iIm*  Knawh  amiy,  2.o  iiiilL*^  p<T  Wmi 
urc  oonnidciXHl  g<HM]  nvcnifiv  murvhing,  l>c);iiiuiug  with  I20  ntv\ti^  prr 
minute,  incrmnn^  ^mdiially  to  12S  niiJ  13o,  and  returnittfr  duriii); 
l\w  swinid  half  lunir  to  tin-  ori^innl  nilp.  The  Ki»gli.«li  iinick-vtcp  i- 
the  sime  a*^  ours  ;  tlie  *'  tloultle  >|uick  "  bi  Ipss  than  ouiv  in  Iciijiili  ami 
imjUciH'v — 33  iiirhtTK,  I  l-t  ti>  ihc  iniiiiilr.  TItc  OiTinim  Btcp  !«;  bctwfrn 
31  and  32  inches,  and  U-l  to  i)ie  miunte;  the  Austria u  antl  Iiall-ui, 
29  inrtH-^  1^0  10  the  mtnulc;  ihc  I{ii7»i»ii,  2^4  inoha**,  120  to  x\u- 
minute.  From  the  above,  it  will  be  ob-*r^-e»I  that  in  none  of  the 
gn-sii  iirniit^  of  the  world  l"  the  nmrehiiig  niie  eijital  to  that  of  ibr 
active  millan  when  out   for  iin  exerniw  walk. 

Kven'  jHildier  is  obli^^I  n>  carry,  IxMides  hi^  arms  ami  at-cimtn- 
mcnl",  tvrtrtin  in-ce-'Win,-  iii-ticivs,  the  u|^rc(^tc  weight  of  wliieh  b 
variable,  but  always^  e<^>nsiderable.  In  tlw-  carrying  of  this  wriglit, 
grwM  (lire  it*  nf<ve<iry  «i  to  di^jMiM-  it  that  it  sludl  ntrt  Iw  ovvr^lmnlen- 
sonie  or  detract  from  his  efficitiicy.  In  all  wrx'iccs,  tlw  fwhietioii  to  a 
minimum  of  the  weight  to  1>l-  uirriid  i.t  a  matter  of  grrat  ini|MirtutHv, 
but  the  dis|neition  of  tliv  wrq;ht  b,  pcrhu|K!i,  of  grailer  ini[K>rlJii)cc,  for 
eon^idenible  harm  may  be  induced  by  interferfuce  with  n?*pirat(oii  ami 
eirculation  by  |>rcwure  fniin  the  nc»x'!w<arA'  .'<lni[»<  a<TtiS!i  the  ehi-nt  and 
under  the  nnu-pit^  Undi-r  lavomble  eireumirtanoes,  his  im|)edinH'nta. 
with  the  exoejjtion  of  arms  ami  omieen,  mny  Ih-  lnin>|H)rt<-d  fitr  him, 
the  rccult  bring  mrt  only  grtater  covering  of  groun*l  with  less  istniin, 
but  great  conftervatiou  of  ellieieni^-.  In  adjiii^ting  weight,  v^n-  shnidd 
l)e  taken  tn  aV4iid  oompreMiion  of  the  chc^t  a*  loneh  iin  |HMU'ibh'  and  lo 
equalize  the  dixtribiiliuii  80  Hit  to  avoid  latigiiiog  any  one  eet  of  mu^ 
de.^  unduly. 

The  Oerman  infantry  rHildier  is  more  heavily  e(|uip])rd  tlian  llie  Brit- 
ish or  Anicri^-an.  the  total  IiuhI  ex  o  if  ling  "0  piHUKU,  of  which  htjt 
riolhiiig,  exeliHive  of  the  limvy  imlir^hed  lealhcr  hcndct,  nec»unts  for 
n«:iriy  24  [KHindt^.  and  hU  arms  and  iHpiipmonts,  tilled  water-liotllc, 
and  etitreneliing  toolh  nearly  -13  pounds,  the  rciiminder  iK-ing  nittuns 
and  >=uiidrics.  Hi^  kit  \r^  enrriiil  in  a  luither  knapsick,  around  whicb 
)ii(*  nilli-d  overcoat  i-^  fatteoi-d,  and  to  the  buck  iif  uht«h  hi.'^  ejinip  ket- 
tle is  «tp,ip|ir<l.  Tin-  Itu^uiiiiii  Miidier  abio  carries  more  titan  "0  pound-  ; 
tlte  Italian,  about  the  Nime;  the  I'lrneh,  U-twcen  6-^  and  70,  and  the 
Aurtriai),  al»«it  HO  pouniK 

The  blanket  bag,  that  !»  to  «iy,  clothing  and  other  arliclf^  encln»<Ml 
in  !i  blaiiki-t  mlh"d  li'Uplhwi*e,  n^><I  in  our  nmiy,  is  nion-  oppn-Miive 
than  the  blanket  roll ;  Vmt  the  lilaiiki-l  ntll  is  also  oppre-^^ivv,  Hiiee, 
bein^  rtrriwl  ncrrjss  the  body  fron*  one  j'liinilder  with  tlw  oikIs  ito<l 
together,  it  impediit  the  movements  of  the  chest.     Moreover,  its  use 
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involves  a  cerbitti  degree  of  iiuwiivvnienix',  aUkv  w)ieu  tlic  bliitiliet 
itst'lf  i.»  ill  iifip,  the  anioltw  contaiiK-d  iimnl  be  eared  tor  in  sonic  otlier 
way.  Otbcr  device*  to  take  tbe  [ilaw  of  bliinket  roll'  uimI  ktia|iN;ieks 
are  in  use,  and  meet  witli  different  degrees  of  approval,  Tlie  one  niost 
bf(;lilv  vummended  iieilber  ini|i<.«]i'.'>  re^jiiratioii  iii'  eiix-iil.-ilinn,  nor  in> 
viilvc-  eontaet  with  the  Iwek  and  eoni-Ltiiieiit  shutting  out  aecess  of  air. 
Tlic  wciffbt  I*  !«ii]i|i(irii.'d  ebit-Hy  b_v  tlie  hips. 

Witli  new  levies,  the  first  niarehet-  ^bould  not  ex«'r-<l  a  verj'  few 
mill---",  tbe  dinbiiK«  Iwiiig  inoreaMHi  gnt<lually  day  by  li-iy,  until  they 
btvonie  well  seasoned,  with  oeeii>ion!il  dsv.  not  inohidin^  Sniidtiys,  «'t 
niKii't  fur  rest  and  nsmation.  M'h«n  thonnighly  seju-oiieil,  there  is  less 
friction,  and  witb  jjreatt-r  exiK-i-Icnw;,  eumen  ineix'«»*-d  i-llii-.icnoy.  It 
tnki's  but  a  nhcirt  time  lor  new  soldiers  to  learn  not  to  attenipi  to  earry 
nniRi.-i.'.-'^irv  articW,  wliich,  itt  lirrt,  tliev  arc  invurinblv  jinmc  to  look 
uj>un  ap>  ew^ential  to  eonifort  and  pleasnre. 

Oivalrv  and  inliiiitrv  Hhciid<l  rniireh  scjMimldy  if  ]M«Mii>l<-,  tmd  in  as 
open  order  a«  practicable,  in  order  to  avoid  crowd-polsuning,  which  is 
a  ciinscqnenee  noi  nloni-  of  indoor  overerowding,  but  also  of  elose 
uggii'f^iition  of  nun  in  the  oj>en  air. 

If  piiwible.  niinvhing  by  nijjht  and  in  the  hotteftt  part  of  the  day 
i^hould  be  iivoidetl,  for  in  hot  wejilber  the  men  are  ejwily  exhntiMtwl  by 
exercise  in  the  blazing  sun,  and  sinee  thoy  oan  get  no  sleep  during  the 
<l«v,  Uh-^'  nei'd  tlie  nijibt  bonr«  for  I.lii-ir  pro(KT  rvt.  The  furly  niorn- 
ijlg  hours  ai-e  the  best  for  marehing,  as  for  other  forms  of  work,  the 
men  being  liien  at  their  lnvst ;  but  nnle.tit  itbiiobtti'ty  neecwuir;',  thetr 
sleep  should  not  be  broken  before  the  usual  time,  since  what  is  thereby 
gained  in  distnnw  is  more  than  Inttt  thntngli  the  inttMniplion  of  ncec«- 
sary  lileep.  Before  starting,  a  light  breakfast,  including  hot  eoSee, 
fihoidd  be  taken. 

i>uritii;  the  firef  hour,  the  pjiee  should  be  fairly  slow,  and  when 
two  miles  Imve  been  covered,  there  should  be  a  hall  of  at  b-nst  n 
i]Uart«r  of  an  hour,  dniing  which  tlie  men  F^bouM  attend  to  ealla  of 
nature  and  throw  off  their  liwds  and  rwt  at  full  lenjrth.  When  the 
niiircb  i,i  ri'fmnn-tl,  ihe  dinliinei-  to  Ik-  covcreil  mnv  be  lenptbene*!  I>y  a 
half  mile,  and  when  this  distance  has  been  tra\-ers(M;l,  there  should  l>e 
another  halt  of  about  the  .*am<t  lengtli  lu-*  the  first.  After  this,  the  rate 
may  be  iiicrtwsitl  to  three  mili>»  {ter  hour  with  a  halt  of  ten  niinutes  m 
each  hour,  and  this  rate  is  sutfieiently  liist,  fxei'pt  for  foivi-d  nmrcbcx. 
Tlie  halt  in  tin-  rniddle  of  the  ilay  for  dinner  should  he  of  w?%-cRd  hours* 
duration,  so  that  the  men  may  have  a  puHl  rest,  avoid  heavy  work 
diRwlly  alliT  a  hi-urly  m«il,  anil  look  after  the  eonditiou  vf  their 
fcot.  \g  it  is  unsafe  to  cat  heartily  or  drink  copiously  while  greatly 
&tigued  or  nvorhiailed,  a  reasonable  interval  should  In-  ulloiviil  bcfom 
-  dinner. 

Halts  due  to  accidental  circiim^taiuo  are  very  trying  to  jiati<-nnc 
and  .''trenglh,  and  when  their  probable  dunition  can  Ik-  determine<l,  this 
ahould  be  eommnnicated  down  the  <M)ltimn,  in  order  that,  if  the  inter- 
val  in   to   Ik'  of  sitffii-Iently  long  dnnttion,   the  mvn   may   have  tlw 
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(ulvantngv  of  rosting,  rather  than  Htond  vriUi  tbe!r  arme,  losing  ]Kitii-iiu- 
aml  t«mptf.  Siiico,  iilt>(>,  irrq^iilur  rate  of  iu*iveiiHiit  U  G>ligiiiii;;and 
Mitioyinti:,  minor  obstacles,  kiicIi  :ih  niw]  hikI  wAtcr,  tJinuUl  not  Ip 
alliiwed  to  iiitL-riVTi-  wilii  r»-{iiiliir  iirogn».«,  Miuio  of  iill  kiuiin  ij.  w 
iiivignntiug  lo  inanrliing  miii ;  loiml  niiiHic,  B)o  noil  dnini,  tbi>  ilmn 
itluiiu,  Hiiil  i^iii^iiig.  Ill  the  coiitiDciitu)  armi«!',  fiitifin);  U  mucii 
ciicoumgvtl,  as  it  kevp^  ii|t  tlii'  i>[>iriLif  uiid  givvit  ii  rliylhru  nixJ  suing  to 

If  tlic-  wi'atlivr  i»  hot,  mvii  i<lioiilil  be  allowi'd  tu  pixmtoto  cmjoni- 
tiou  nf  jtcrsjiinitioii  by  n[>euiiin  llicir  coatf*  or  blmiM^ ;  i»lherH'w-,  Mnnr 
is  loisl  fniin  ibi-  IxMiy  witJioiii  iiurfuniiiiif;  it*>  riiiK-linii  of  nilndii):  iIk' 
Ixidy-hMit.  To  avoid  rxovsslvt'  thirst,  a  full  <Irink  of  vralrr  siimiW 
Ix'  tiikcn  liirtniv  htiirtin^.  The  »int<-i'i).'«  ohmiM  lu-  \\\\v<\  nitli  maut 
or  colli  tin  for  um^' diiriiiji  tin.- tliiy ;  but  iVw  dniikiuc  on  ihi- mwrl 
in  mil  til  bt>  aJvU«d,  simv  it  ti'ndo  lo  Id'p-t  c'oitM.-itil  thimL  IV 
niuiith  sliuiild  Ih'  kept  cloH'd  ut-  much  ii«  pu»«Jb]o  dtiriiig  ilu'  iiiuifK 
and  thd  fi«n^tion  of  thin«t  can  )m>  «(>i>imllt>d  by  lioldiii);  i  nnMtb 
pebble  in  the  inoiith  ni'  Hx-wiiijf  a  ^ni-ii  Ifaf.  Siiii|ili-  tiiibiKiu! 
nXMstoniii);  of  tlio  moutli  i-^  licttcr  tbnii  fret'  and  fn-«{ni-nt  drinkinj; 

In  cawt-  of  i-shuiislion  by  )'X(^'!«jtiv(-  Imw  of  lltiiil  by  jHT"|iiititi<in,(lnpL- 
in^;  on  tliL-  march  m  ue(i>i«in- ;  but  tiuder  tbv  ui-uhI  coitdiiionf.,  tbf  op- 
Uxtn  i<hould  be  tiactl  only  at  nicali<  and  n«<nr  or  at  the  vw\  of  llir^' 
march.  Anotbcr  ruifoii  for  nbflainiiiK  a»  niticb  »>"  |M<>'Hblo  froaiilriiu- 
iiig  ifl  tho  uiict-rtaiiity  of  siipply,  i'or  no  (b'jH-iKb-ta^'  <««  \v  [ibwil  •* 
the  probability  of  ii-iillinir  \\h:  ointttn  during  ihu  day's  niun-b.  II'DW. 
each  man  Hhould  pnnspiTt'  liif  sii|)])ly  as  though  lie  were  wrtain  llui  w 
tnor*  i«  to  Iw  had  Ix-fon.'  llii'  ilayV  tIcKtination  i:*  n-urhwJ.  'I'lir  ■laimnl 
cari-i(-ii  (ii;lv  bo  k<?i>t  fairlv  cool  by  U'rajipiDg  tlip  rantecn  in  a  wi'i  «l"'fc 
the  fv.n|M.mi)ion  from  wliirb  raUflt-N  jii-riii-[ililil<'  liiwvriii};  of  lciii|ml'U*. 
A  littlf  vinppar  or  limcjuiw,  if  obtainable,  added  to  the  waler.pw 
it  a  n-li-'<b  and  1ii-I|>h  to  allay  thir.-t. 

**  In  niatty  |xirl*i  nf  the  Wt-st,  water  i»  so  warce  tliat  jniiidc* 
matmiri'im'nt  Is  rcjiiii-f^l  to  forward  tronjis  over  the  hiute.  Smw 
C!ini|uiif;-'i(atiiini  bavinp  only  rniMi(,'b  fur  one  or  two  «>ni|anift.  tl" 
cuinniand,  if  lar^'r,  niui^t  |)nsn  in  doiiiehmentB.  Or  it  may  lts|>iH-n  ibil 
the  drKtance  Ix-twoi-n  the  iieftriwt  waU-r-sniiiiliocI  mU-m  i*  tiKi  prxiit  t(i  bt 
marobi'd  witliotit  rest,  in  whi(.'h  ease  a  dr)'  camp  miist  lie  Uimwd  •* 
Humc  interviniii(r  pnitit.  Thr  imsniip-  of  the  (Hln  Ri-iui  IV-*Tt,  ^^^ 
40  miles  from  water  tn  wider,  i^  ii^iually  effedetl  by  making  a  ni)[nl 
nmreb  nf  2">  mile.*,  when  the  troops  go  into  mmp  to  ni^  for  ii  If* 
hours  before  i-LMiiminir  their  jrlnrne^■,  and  to  Iwve  ooffw  iMurd  "wn  • 
wator-siipply  carried  in  the  wagons."  (Smart.*)  On  arriring;  *  • 
CSmpin(;-|iliiei-,  the  water  ,iii)iply  should  l»o  imm<<diaU!-ly  gu»rd«l  •_* 
prevent  pollution  ami  trsmipling  of  the  margin.  If  t]»e  (appl." JJ 
wnmll,  (be  guard  phonld  b<-  iloiibly  etiieieni.  If  the  Bupi>ly  pn**""" 
is  a  snudi  and  sliallow  strt^im,  it  may  Ix-  well  to  make  small  f*'^ 
voifH  by  means  of  tem|Jorary  <]am^  «)ne  for  drinking-water  fit  •"" 
■  ttuck'K  lly^vne  nod I'ublk  llrxtili,  Now  York,  1879,  VoL  IL.  f.  W*. 
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moil,  another  below  for  the  horses,  and  another  for  Itathin^  and  laundry 
IHirpijiK'e. 

Stniggling  Mboijld  be  [trevcntcd  as  niucb  -m  pussible,  Kiuce  it  ii;  a 
verv  si-ridiiw  i*vil  tt)  the  monile  and  ('ffitrieni'y  of  the  b"<ly  iw  a  whole. 
If  ftraggling  bctiomtw  con^idtTuble,  tJif  ixiUnnn  ^hmild  Ik-  halU-d 
iitilil  thv  alrajigUii-n  can  oveiljiki'  it,  else  they  will  gel  no  rest,  nince 
till-  hourly  hit«Tvtils  for  rv^t  iiiii!«t  be  ntilixcil  by  ibwri  in  wtniin^  nji, 
and  ihe  colnmn  U,  jKTbaps,  jdi'eady  bi  motion  again,  Thot*  e)aimitig 
to  1>c  !>iek  or  uiiiibl*!  U>  nmrcli  plinnlil  lie  extiTiiin<il  by  the  niedieiil 
offieers,  whii  will  separate  the  really  uutit  from  the  niiilin;'cnT!i ;  the 
foniKT  lire  givmi  oiiri'fid  tninspot'tiilioii ;  iIk"  l;ilt«tr,  di.-i]nj.-nMl  of  aei'ord- 
ing  Ui  their  desert?*. 

At  tin-  Olid  of  a  daj-'s  iii,'in;liin^,  ihe  nieji  should  be  dismisMnl  as  soon 
us  possible,  iiiid  they  shouhl  be  eaitfnl  lo  pituil  a)^iin^  iMWomitig  eliilltil 
thrmigh  i-eeklftss  removal  of  elothing,  and  should  again  look  alW  the 
eoticliiicm  iif  their  fwt  and  [x.-rsmii'. 

On  long  marwhes,  an  occasional  clav  sliould  be  tjikeii  for  et»mplet«  rei^t 
and  ni:u|)eRilioii,  otherwis*^'  an  tiievitnble  iliiniiiiition  in  eHieieiiey  will 
be  nccafiioned.  Woodhnll  cites  an  interesting  instance  of  ovcmi arching 
in  rhf  I''raneo-l*rn.<-ijin  War.  TIk-  (iermiin  ( iiirdt'-CorjLs,  consisting  of 
30,I)(X)  infnntr.-,  left  the  Rhine  on  Angust  ad,  lost  lew  thitn  fl.OOO  m 
action, and  on  Splt-ttilH'r  2(i, (lie  day  iifh-r  Svlan,  nnml>ered  liJ.UOO  for 
dnty.  On  .Sept*'rnb(.'r  HUh,  they  readied  Purii?  wilh  but  !),IH)0  iiivn, 
more  than  1 1  .OOO  having  been  broken  down  by  exertion,  little  actual 
sicknc*'  liaviiig  ocriirrcil. 

Care  of  the  Feet  on  the  March. — If  j^ood  man^hers  niak«  the  btwt 
foldicrs,  it  follows  tbiit  the  iio^sc.*.*!"!!  of  ibc  best  wddicn*  i*  lately 
dependtnt  upon  the  condition  of  the  fwt,  and,  therefore,  it  i.i  inenmJient 
nn  the  line  ottlcers  and  riKiIioal  ittriH  to  si*e  tluil  the  indiviilnal  inca 
are  properly  instrneted  in  their  cjiro,  and  that  they  are  iliithful  in  [ler- 
forniiinoe,  Tlift  t'ootiore  man,  so  far  as  crticieiii^y  is  nonw-rned,  i.n  a  wick 
miiti  and  becomes  the  eijuivalcnt  of  baggitge.  He  cannot  march,  and 
suffers  pain  when  at  rest,  Xearly  all  new  men  not  nc<-iistnm<^l  to 
inarching  ujv  likely  to  siifl'cr  fnim  excorialiuns  across  the  toes,  on  the 
insteps  and  malleoli,  and  on  the  back  and  siiles  of  the  hei-ls.  Tlii.'«  in 
due  to  friel.ioii,  and,  if  al.teiiih'ii  to  .il  onci-,  nmv  lie  prevciitcil  from 
becoming  serious. 

The  applieation  of  strips  of  adhc.-ivc  pliwffr  of  geneninii  si/c  to  tlio 
atrifted  [Kirts  will  affonl  the  same  protection  aK  is  given  by  a  leather 
glove  to  the  Imiid  engngi'd  in  any  frietioiial  work.  IJIisters  .ihoidd  not 
be  opcncil,  exeept  by  a  miiinte  pniictnrc  iit  the  eilgc;  aiU-r  the  fluid  haa 
oozed  away,  the  sjiot  shoiihl  he  proti'cted  with  a<lhesive  plaster.  The 
eslensive  opening  of  n  blister  ixTmil,-*  new?'.*  of  air  to  the  iiorc  sir^a 
beneath,  and  the  stimulation  thei-elVom  is  very  active  and  painful. 
Men  .should  \k  in^tniut«d  to  trim  their  toetiailci  square  ucro«s  and  nut 
t«io  close. 

Before  marching  is  begun,  all  men  with  any  sorew-sn  of  the  fwt 
«tiouhl  report  tbcmeclvti!  and  be  examiuod,  aud  ut  ttiv  end  of  the  day, 
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if  not  licfore,  they  dIiouM  Ik  rvffiUiTiy  insiMxrUtl.  M«n  nniwd  U 
niitrclnn^  will  oftrn  Hud  grea^iiii^  or  eoapiii^  tW  fe<^  nud  stocking  u 
cxcfltoiit  pnipliv lactic  :i^iinst  ftorentss.  A  ittiilntt  gnitJ^.*  Iik<- muttuD- 
Ltllow  is  prx-it^nililf  lo  iriKt\>,  Htice  )^uiiietiiiic!i  it  liappeiit^  tlinl  ihe  IiDcr 
U««ift»  i)k'  )Kri-H|itr»ti<tti  in  mtiivratliig  t)it-  itilirlc.  If  (lir  Uxit^  aff 
tuad(-  tiupplc  with  greai^e,  thoy  tcud  k-iw  to  cuiiw  iri>rL'iic¥»,  :iiiil,  in  .uMi- 
ti»n,  iin.' n-iidfriHl  wntcrproof.  An  excic1l<>nt  \Aan  (nr  ofRcm and >*hm 
who  Ml)  atTord  thein.i!'  to  wour  >ilic  wtocLiuf^  under  ihoonliiMirT«<«Ls 
espm-iiilly  when  ihc  foot  aro  natnnilly  tender.  Tlw  fpcl  may  !«  I'iukIi- 
ViK-d  hv  l>i.-iii<;  smddil  in  n'ltrni  strong  suliilioii!*  of  iiliiin  iir  mniiJiiD 
Buh.  Zinc  uintnicnt,  coiitiiiiiing  o  per  cent,  of  taiiniti,  ii>  uW  ntj 
u»Hiil.  KuliiTfUted  talc  (talc  87,  dtarofa  10,  xidH^'lic  acid  :i  puts  t^ 
wiVht)  )>•  iisiil  In  the  (itTiiiim  umiy  bijlh  on  the  nintxtli  and  in  n^irriMO. 
It  tr.  silUti  from  a  dreclging-bi ix  into  the  -ihoeti  and  over  iIm-  fi'tt, 

If  thi.'  siirencss  U  diK-  tu  thr  -torldiip'  mid  not  to  thi-  rlioc,  il  it 
often  advaiitagouuw  to  clunige  thoni  from  one  fiiot  to  tlie  otlwr,  cr  in  |kI 
tltcm  on  inmdc!  out.  Soino  of  the  <f>iitim<iital  armiect  uk*  Iiandi^ii 
piuw  of  st'K-kinp*.  and  lioine  ii«?  iioithcr,  i^itbrtitiitui);  thcivfiir  a  iil««il 
coating  of  greasi'.  Soreness  is  du<- ol^i-n  to  n^^let-ted  ttmiions,  («m 
Ixith  liiird  iind  khI^,  ntid  intlcf^hcd  iiiiils.  Thi'x*  troiddi-*  nrvd  fjietnl 
traitmtni.  In  the  Uritish  amiy,  the  ambontie*  have  caUMsl  a  numlsf 
of  tlie  non-c^niniiimioiiiHl  ofTiucrtt  to  Ix;  inMnu-Utl  in  dtiropndy,  mhI  ^ 
euci.t'K(  of  the  experiment  hatt  mnde  It  prohahle  tlutt  ii  (wrmaiwDt  v'Tp 
of  traint-il  ehiro[KKiii'ij«  will  Ih-  iwliihliwlu-d  for  the  infaotn'. 

DiirinfT  the  long  halt  at  niiddity,  Mich  man  nhoidd  n'iiK)V<'  Imsti'** 
tuui  aUiciiingn,  and,  if  water  ir^  to  be  bad  in  ahiuulaiiee,  hi-  fh'<i<i 
remove  the  ncrid  pcnipimtioii  and  dirt  from  hL*  fi<«t  by  tlioniugli  nvl>- 
ing,  |Kivinfr  particular  attention  to  the  nurfaocs  bct\veeii  the  lues,  niif'T 
excoriations  ami  noU  corns  an-  jtroni-  to  ap{Htir.  DuMling-iKHolpri" 
ane  oiutment  <tn  ahwirljent  cjrtlon  may  W  appHetl,  if  ndvisibic,  l)i'l«rtii 
tlic  t<M».  The  fw.'t  slioiild  1)0  made  4uitv  dn'  liotore  ih«-  wKickinp' «" 
again  dranm  on.  If  water  cannot  be  ohlninc<)  in  sufficMMit  nniminti 
wijiing  with  a  dry  or  moist  cloth  will  l)e  found  to  a<ld  n)ati-rialk  *' 
comfort,  iiud  i*  much  to  Ik  preferred  to  long  soaking,  which,  ht  ""fl- 
«ning  the  eiitide,  aw^islu  the  formation  of  bli?-ters.  At  tlw  eniJ  of''' 
<lny,  the  feel  »honI<l  In*  wii.hIhh1  ami  the  iitoekings  chaugi'*! ;  t^^ 
removed  iJ)otdd  be  wa«hod  o.»  kikid  n*  pniirticnbk'  aiitl  dried  duria{:l>'r 
night. 

Cim  of  Other  Puts. — Not  uncommonly,  ^dicT)>,  eepccMll*  "" 
Pecmits,  are  much  inconvenienced  and  annoyed  by  chafing  at  iiif"-' 
|)oiiit»,  pitrii<uil»rly  on  the  inside  of  the  thighf  and  iH-twwn  tlic  ii>"- 
This  ie  pn>motcd  by  iX'i-Kpinifioii  and  re^trsiini-d  by  dnsiii»g-(»i«"'^' 
riac  ointment,  vaj*i-!iiii',  and  cU'siiiliiicss.  W'o'nihnll  ndvi.'*^  j^"" 
wn»J))i)g  the  face  and  tin-k  in  tlir  iiiiTtiing  while  I'n  the  mairti,  hrm^'* 
the  removal  of  the  natHriil  secreliun  makes  the  Hkii)  nion-  stiver]''''''' 
to  the  influcnw  of  litiit  iiiiil  diist.  He  ri-coniinends  wiuihiiig  lh>"?'' 
and  inonlli,  uud  merely  wtpiti;;  the  Ciec  and  nink  with  »  duip ''""'' 
At  night,  the  face,  nedt,  and  whole  hodyahould  he  wnnhed,  if  [»»>'■''■ 
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but,  forctnmt  of  nil,  the  head,  annpite,  ft^ct,  nnd  (^'iiitiiU  nnd  iuljni.'C-nt 
parts. 

(.'AH'  ^hinild  Ik"  tiiken  tlmt  llio  Ixtwciis  are  not  rK^li-c^il  wliilc  uii  ilie 
march,  any  more  than  while  in  gamaon.  If  piii^tivcs  arc  rci^iiirvii, 
ihoM-  jrivtri  should  Im  mild  in  chunicUT,  mid  nut  litieh  as  niity  recjuire 
repeated  ciperatium  at  short  iutervala. 

The  Soldier's  Food ;  "  RatiOM." 

The  won!  "  nttioii "  is  understimd  I'omnmnly  b)  meim  the-  umonnt  of 
food  i!«Mued  to  each  .loldicr  for  a  singh-  niftiil.  Thii-,  however,  is  far 
from  hiring  tJic  tnith.  Uiidcr  tlic  refjnltitious,  "«  rallon  is  the  allow- 
ance for  F>usteiiancc  of  one  ]>erHOD  for  one  day,  and  consiwtjs  of  the  moat, 
tin-  lirniil,  llii-  vc-fjelahli's,  the  coll'ec  and  ^ngiir,  iht.-  sca-inninj;,  and  the 
si)a\t  and  cfindio  com|>onGnts."  Kniiirtcd  men  and  ho»ipitid  mutroD«, 
and,  when  tlii^  i-innnnstMnoc."  of  their  .icrvict^  uiakie  it  nectswarj-,  ci\'il- 
iamt  employed  by  the  army,  each  draw  one  ration  eaoh  day.  Tbe 
ration  is  not  net-c-ssarily  the  dii-l,  sinw  ])art»  of  it  nmy  be  exchanged 
liir  oiIkt  thitiffif  or  for  the  ea*h  equivalent  with  which  to  buy  lhi>m. 
It  is  liseil  by  law,  and  can  lie  ehiinps^l  only  by  legislative  enactment. 

The  difi'erent  article?  composing  the  ration  for  troops,  wburv  cookiog 
is  practicable,  and  their  amounts,  are  an  follows : 

Abticlk,  QrASTrnsB. 

Mnil    CnnJ/wimitt.  Oonnt. 

FrwJi  Iwf .20 

or  i'rvvh  aiulKin  nhcn  [he  ctmt  (loot  not  exceed  ihaX  of  b««r  .    .  20 

or  Pork       IS 

or  Riicnn .....■■...,,,..    ...12 

or  Silt  Uwf ....  22 

or,  wb<ii  meat  i3>nn»I  be  fiimUhMl,  Ilri«d  fUh 14 

or  nMvA  fuOi 18 

or  Fiwb  fob 18 

Brmil  Cam-pimxnt*. 

Flour .  , 18 

or  Snft  bread .    , IS 

or  Unn!  brvad   -        .   ,    .   . IB 

w  ( 'i  .n  1  inwil -    .  20 

Baking  ponder  for  Iroop"  h  iba  field  wlien  D«unwy  Ui  enable 
them  to  take  tlieir  own  breoil }| 

VtgeiabU  CamponenU. 

Bmiis S» 

«■  Ppm 21 

or  Ilice .,...........,.#....    l| 

«r   llrmilnir     .•■■«»■•■«..•,.*..,....     if 

I'ulutovB      ,     .     ,    .    ,    , 10 

or  Potntooi  12(  kihI  Onion*  Z\ IS 

or  pQtntom  II (  uod  (.Ruined  Tanuilncs4( 

«r  ;rtlH-r  fii^li  vt-e<flo1ilv*  nut  miimil  whpn  ibvy  ran  bt-  r>1)t>iiinl 
ill  llii"  viiNnhy  nf  itn>  jn*!  or  Inmeimrtvil  in  u  wLuleeoDic  col*- 
dition  IViiiii  11  iliftxrici-  16 
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AllTK-LH.  QCASrmiB. 

Of^t*  imtt  Sujar  OtmpoimtU.  OuDm 

Coir««,  gnxm 1) 

or  roBHad • lA 

or  T«,  gnm  or  bUck A 

RuRnr Si 

or   Xfuliuwa  (kJII*) • •  •     ll 

or  CitDc   Bynip  lgiU») H 


Vinegar  (pU") 

Sdi     

PrpjiT.  lilnok 


Scanning  Omtfoiuab, 


Cbaii)Tt«  prupuMtl  by  Gtnonil  WcjiUm  for  (he  improvcmtiit  cf  (tie 
mtion,  inclmic  an  inon=a*«  of  siigsir  from  2.4  to  3.2  ounws.,  the  fiilrti- 
tiitinii  of  nii-iitiilH-r  ]iickU'.-<  fur  linlf  the  ullnuiiito'  of  vim-giir  ■Ivo 
tkeir^d,  am)  iiti  ulltiu-iiiKx.'  of  1^  oiimi*  of  jiini  for  suldivre  lit  UirSrU. 
iukI  of  1^  ouiiiH-.i  of  ilrinl  Ihiit  lor  those  in  ^rrbnii. 

Wluit  in  known  n»  the  "travel  iiitum"  ii<  is«ut^  in  plMC  of  lb 
ordiiiari'  ration  ''  when  tro<i]is  travel  olhonvlr*'  than  by  nun^np « 
whtn  for  fliort  jh-HikU  they  jirv  srjiiiiiiUii  frtmi  oMikiiig  fiKHiMniiJ 
do  not  carry  cooked  nitious,"  It  c<in?'ifiiJ^  of  the  following  artklviixl 
in  linav^l  ill  thv  amoiiulti  stnktl,  {k.t  hiimlitx]  nitioiiK : 

ArlU'litt.  IVr  ;«t  Mlw 

Stift  hmia,  iiounilii ;  ■   ■   '         "^ 

or  lliinl  bnn<t,  jiiund* ,,...,   i  1  ..    ■    .    .  IfX* 

Boi'f,  rnrnRil.  |k>iiiii1f  .............  .    .    ,    T& 

Elakul  )>«iiu>,  l-poiinilcnnf.  nutnticr.   .......  9 

or  ;l-|iiiiitiil  •■nils  numlxT                      .    .   .    14 

(!(iHl'<-,  rvMclnl.  |«iiiivl». .      $ 

Sugar ...  1& 

Cluiti«d  iiiiiiAKMtk.  (Miuiuiii  . .too 

0»  arrival  nt  Otvlr  <Wtiniition,  tli«  nrdinury  nition  is  n^nw^ 
When  (nivi^lliiig  iinaworuiKmutl  hy  an  officer,  ea<h  mmi  iiuiy  \ie  a- 
lowcd  u  dish  isnni  |ht  iliiy  fi>r  the  piircliiL«i-  of  li<|iikl  ijoffif  in  ^iMr"' 
the  eotfei'  and  Migar  portion  of  the  travel  ration. 

Thf  "  cincrji;:«i(.7  nition  "  oonfi^ttt  of : 

Bwon ,10   ouncw  '  Sarekuln .       ....  4  nrnluB 

Hud  brcul 16      "  iitaU    .  .  .0.^  iiuan 

PwBwn] A      "  Popper ttO*      " 

Coflev  {rMMied}  i      "  ToImco OM      ' 

or  Ti» 0.6  ounce 

Of  this,  as  mniiy  <iiiy.'^'  mtioii-i  am  lAinied  nt  onn-  as  may  8c«ni  neoeW' 
Abroitcl,  the  Wfll-Itnowii  pi«  NuiKigv,  conM^tiii^  of  pea  flour  and  w 
pork,  t9  mueh  used  in  the  emerp'iicy  nitii>ii.  Tlu.«,  niixtnl  wilh  ^ 
wntcr,  iniikc^  a  verj*  gmHi  hiii|),  but  boou  pr^vis  to  l>e  cloying.  J'*' 
biscuits  and  dried  meatii  also  are  niiicli  used. 

It  win  Ik;  oliHi-rvod  that  the  onlinurj-  rHtinn  i«  fairly  fleiihlp"*  J* 
etaniL',  bnt  it  may  be  made  more-  bo  by  exchangiiij^:  articles  not  wgnl'*!' 
It  is  establirtlwd  by  hiw,  but  Lt  not  iiwH-jwirily  the  daily  dii-Ury.  Th"^ 
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the  vuriinis  nrticIeD  (excepting  the  fresh  vegetable*,  bri-aJ,  and  luikiii);* 
powder)  not  net'dwi  for  (icniNriiiiptkiii  luuv  Ik?  purohai^ed  by  the  ooni- 
niijjsary  as  savings  at  the  invoice  prices.  "  !:^iiviii(»s  and  niIcs  of  fresh 
beef  (except  uf  that  issiiwi  for  the  riick  in  hospital,  the  detachment  of 
till*  h(^3pil:il  corps,  and  the  hospital  inatntn  ^Tvinj;  thcrtin)  are  pro- 
hibited,'" but  the  fresh  iin^«t  wllowanee  may  Ik-  ivdiiced  in  amount  and 
its  money  value  drawn  in  otlier  things.  For  wieh  rutiwn  of  Hmir 
turned  in,  the  onmimny  is  entitled  to  one  ration  of  bread  or  the  price 
of  one  Hour  ration. 

In  many  [M'rniiinent  eamps,  giii-den.*  may  be  cidtivated  and  a  supply 
of  fresh  vegetables  thus  obtained  bnth  for  iriinii,^)iat«  and  fntun^  nw-. 
Comtnutatinn  for  these  is  allowed  at  the  prices  of  potatoes  and  unions 
in  the  viciiiit>-  or  in  the  market  froiri  whiirh  supjilie^  ai-e  derived,  in 
the  ])rri[)orLion  of  KO  per  cent,  of  [)otjitoe«  and  20  per  ocut.  of  onions. 
The  iimonnU  tif  niom-y  froiri  all  ncnirct^i  fonu  the  eoniiuiny  fund,  which 
if)  disbursed  by  ihe  company  commander  solely  for  the  benefit  ol'  liw 
own  nii!0. 

Fniita  and  vepetables  are  vcrj-  w^cntinl  in  the  diclan.-,  on  account 
of  Ihcir  anti-soorbutic  pvojiertifsi.  The  rnait  valuable  of  the  anti- 
scorbutics is  held  coiiimunly  to  he  lime  juice;  tJie  jnice  frimi  ihe 
f«u*h  limes  is  sujierior  to  the  bottled  article.  Lemons  are  of  about 
the  same  \iilue  uh  limes.  Aniang  vcgetublcs,  potatoes,  onions,  and 
cjibbage  t.ike  high  rank.  The  legumes  are  devoid  of  antiscori>iitio 
)iropert.ie«.  .\iiMirirmg  tu  M'oridliull,  llic  Ih'hL  iiiili-ii-orlnitic  is  the 
agave.  "To  pn-jtare  it,  cut  off  the  leaves  close  to  the  root,  eook 
thcni  well  in  Imt  nshe.*,  cxprc'i'  llie  juiw,  and  drink,  mw  or  sweet- 
ened, 1-4  wineglassfuls  three  times  a  day.  The  white  interior  of  the 
Iciivin  niiiy  be  cjitvn."  Tin*  ilric<l  viigi'tabli's  iind  fniit  are  less  valu- 
able than  the  fresh,  and  shonlil  be  alliiwer!  to  snjHTsedp  the  latter  only 
when  these  cannot  Im-  ohlaini^d,  Imt  they  arc  fiir  siijM'rior  to  com- 
prcssetl  vegetables,  wliiuli,  in  the  pr'»cess  of  compression,  lose  much 
of  tlieir  salts  and  a  portion  of  their  proteids.  Dried  vegi'tuble.-*  should 
Ite  soaked  welt  in  wiitvr  before  use,  elsu  they  may  cause  digestive 
disturlwinco  and  diarrhrea. 

Alcohol  in  the  Ration. — TJic  ijnestlon  of  the  advisability  of  in- 
chiding  a  spirit  allowance  in  the  nition  has  In-en  the  subject  of  much 
earefid  consi<l oration  in  all  (•nuDtric-f,  and  has  bwn  answered  with 
practical  iinaniTnity  in  the  ncgiirive.  But  there  are  times  when  a  single 
issue  of  spirit;^,  or  repeated  issues  acconling  lo  cinnini^tjinci-s,  may  be 
useful  and  pven  ne<x'ssary.  Thus,  on  a  foreeil  march,  when  exhaustion 
is  great,  a  stimulant  may  be  of  very  ^sit  neoe-ssity,  altliough  it  is  wid 
that  hot  t<.-a,  if  time  admit.->  of  its  preparation,  may  ix-  equally  or  still 
more  serviceable.  When  given  at  all,  spirits  should  he  tak«n  well 
diluted,  aud  nevrr  in  concentrated  form. 

During  the  (.'ivil  War,  a  daily  issue  of  a  gill  of  whiskey  to  each 
officer  and  man  of  the  Army  of  the  Potomac  wiw  ordereil,  Imlf  to  Iw 
given  out  in  the  uiorniog  and  half  in  the  evening.  This  was  brought 
I  Army  Rvi^latiuns.  p.  ISO. 


uboiit  Iiy  l)ic  foRt  th.il  for  ><cv<^ni1  w«t*Jcii  tlte  tn«n  had  h«en  MutijwtH  If 
iinii.Hiial  bnnlF<hipii  and  extm  dutj,  »tid  wltp  liix^aking  <lown  aoder  lie 
stniii).  'Hk-  issue,  wliirli  was  ti)  eontinoe  "  until  fiirthcr  oixki*,"  «w 
greeted  wltli  fnthii»iii>'tic  iippm-iiition  of  the  TurNifHitLHlDees  of  tfa? 
aiit)iiiritio.i  n--«|iiinsilile  fur  it,  ■■Until  furllwr  ottli-i>  "  ppox-ed  lo  W 
«xui-ttv  onv  muntli,  iiiul  Imt  <<<)irLf  wiit>  ytilMiJIiiivd  for  thp  whiskity,  tht 
ifisue  of  whifih  was  onlered  to  be  *'  itnmedialeiti  dMefmlinuftt."  thirinj 
llip  luonthf  the  gcnonil  <'iinditi<>n  of  bcaiitli  of  th*  tr<x>|>*i  «■««  iiot  enif 
in  no  way  impmved,  Init  Ihcuiik-  murkwlly  worsp,  while  dninlutote^ 
with  tti4  tittciKlaiit  <-vils,  liecatne  mui-b  morv  nrmimon. 

Concerninp  the  iiw  of  bwr  uiid  lifjlit  wines,  a  very  (liRerent  iijonion 
in  hvld  by  many  of  tliose  best  ((tialiGed  to  jtidge  by  results  ohivrml 
In  i^pvvnil  of  till'  ^rciLt  imnt(»  of  Europe,  an  ullowunoe  of  li^lit  vine 
ix  eu^toiiiar)',  and  it  seems  reasonable  to  supposi.-  tltal  Mli«r«  tiiriai- 
|Kirliini-<-  of  11  Iiirji*'  standing  arniy  is  i»>  trnat,  sloohoi  in  tliii>  ftmn 
would  nut  be  issued,  were  it  not  upon  the  belief,  based  on  loii;i  eiptri- 
enw,  that,  dirucUy  or  indin-ctJy,  it  18  a  Iwncfit,  nnd  not  an  tvi\.  A 
little  light  wine  at  the  close  of  a  day  of  bard  work,  but  not  Men  <v 
during  its  jM-rforniamc,  :i|>jH^in<  to  In-  ni-iipcraltvi-and  netful,  nlber  in 
1)k'  iivual  strength  or  diluled  with  water.  In  this  ciuntiy.  the  wtWlal 
canleen  ftyateiii  is  U-lii^ved  to  bavi-  been  protluctive  of  a  distincl  pin 
for  temprranee  umong  the  soldii-rs ;  and  by  tanpvruncc  is  not  uaot 
total  aliAtinenoe. 

The  eanteen  is  u  pluoe  at  a  military  |>oiit  wImtc  S'tnall  wane,  littlf 
liixnri4>>t.  tobaueo,  and  tJie  lighter  alcoholic  drinks  may  be  purcluwl 
under  close  suiKirision,  co  tbat  «buj*«ri  cannot  iwur.  There  it  i» 
iniliK-vfnt^nt  held  out  for  the  men  to  buy  drink,  and  what  is  soldmufi 
be  consumed  on  tilt-  preniifes.  Wliai  small  profit  i.-'  derived  pwta 
thf  [Kwl  i-xebango,  wliieb,  bc«iides  ihe  cantM-n,  o^iipriM^^s  a  (tWi*J 
stort'.  ii  liinrh  ronnter,  rrareuiion  rooms  supjilied  witli  rmdio)^  naltff. 
au(t  a  grmoasiuni. 

It  i"  Mit-ved  that  the  canteen  sj'stem,  Iwfore  its  nholitihmeDl.  kv) 
worked  out  the  solution  of  nmeii  of  ilic  probtciii  etutii-niiiig  dninkfO- 
ness  in  our  nrniv.  Tli<?  soldier  acciistumwl  in  civil  life  t"  ibi-  ui*« 
limr  vnis  enabled  to  obtnin  il  in  a  dieenl  way  and  only  to  a  rusoiubl* 
extent,  and  hence  had  no  templalJon  to  S4i'k  alcohol  in,  ]wrhif*» 
Kirongw  foriuii  eUpwhere  and  not  under  sQpi'rvision.  Ho  WM  nW 
likely  to  remain  bnbittinlly  sober,  insl(«d  of  l>eing  i«;oi.-iimaII_v  hd^ 
lessly  drunk  and  eomniouly  in  difficulties.  It  is  said  tliat  tin-  ..nii-t*' 
things  that  obtniiKil  on  jmy  rhiy  iiniier  the  old  syslean  had  ho-ii  wy 
largely  abolished.  Then,  pay  day  was  a  souro-  of  satisfaction  t"  nul™/ 
but  the  i>«loon-kcc[X'rn,  who  sold  liad  liquor  at  high  rates;  oii-o  »*''' 
absent  days  at  a  time  without  Icnvc ;  coiirt»-inartial  wcrv  Iw*^'.  '™ 
then-  was  much  guard-house  service.  Those  who  have  studied  a* 
matter,  regard  the  wuitecn  b«  the  friend  of  di-ecncy  aiul  diwijiJini', »" 
the  enemy  of  every  saloon  near  a  garrison.  Natumlly,  the  fali*"- 
k^cpcre  and  that  ohue*  of  reformer!"  who  believe  In  tl»e  possihilitjf "' 
bringing  about  radical  changes  in  human  nature  by  legislation,  bnsnir 
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viiilfiilly  ojiftospil  tij  the  wntinimnov  i)f  the  ityslciii ;  nnti,  mdtfd,  tlio 
liiucv  were  wi  liiirw.ssfiil  in  their  Hj^bition  ajr-iinrt  it  llial,  in  s|iii(-  of 
till-  |>r:U'Uml  iiiiunhnily  ol'  l.lic  iilliix-i>  nt'  llic  nrmy  nf  all  gni<li.'»  in  it« 
fiivor.  it  \v:i.-i  iil}iili>ilKil  by  Act  of  CoDgivss  iti  January,  1!J01, 

Preparatioii  of  Food. — Tlic  iiri  of  mokiii)!  i»  ii  very  viilimblc  ito- 
oompii-iltnieiit  nf  a  solditT.  <.''?|Hfi;iliy  when  nn  active  semce.  In  cumps, 
(Nioking  is  done  by  pf-rHoiis  enli-ilrtl  for  ihiit  ]i[ir[io>i-,  mic  iiMik  ln-ing 
iillowc<I  by  Itiw  for  ejii-li  iv»mpany,  triKjp,  or  iKittery.  On  njipli^ution, 
he  must  first  pass  the  regular  c-xaniination  nf  a  recniil,  ami  ihi-n  one 
in  wlii<'b  he  must  demon  stmt*-  bis  knowkilge  of  melhotU  and  »kill  in 
earino;  for,  preparing,  and  serving  food.  Kitchens  are  platxnl  under 
tlie  innneiliiite  eliarj^*  of  non-m  im  mi ssiot it'll  ndirerji,  who  an.'  Iicld  ri-- 
fiponsible  for  their  condition  and  for  the  proper  use  of  nitions.  Only 
thosu  employed  or  those  on  duty  ore  allowod  («  viMt  or  n-nmin  in  (he 
kitchens.  The  g^nvRil  supervision  of  the  cooking  and  messing  devolves 
upon  ihe  company  commanders,  who  an-  ehargi-d  to  ejtori-li**!  pergonal 
rare  ami  judgrticnt  to  prevent  wa^tc  and  nui^iiice,  and  to  r^w  "that 
suitable  men  in  sufficient  ninulier*  are  fully  iuslnictifl  in  luanagingnnd 
cooking  the  nilimi  of  the  field,"  fintv  when  the  eouvonicncc*  for  wink- 
ing on  a  lai^  scale  are  not  at  hand,  it  liecnmes  necessary  for  men  to 
divide  into  small  sqiijid^  and  prejKirc  tlicir  own  meals. 

The  baking  of  bread  is  carried  on  in  [>ost  bakeries,  under  the  chai^ 
of  cnliit^tl  men  di-tiiiUHi  ii»  (-liii-f  aii'l  af«islant  liaker«.  IJjiking  by 
compiinics  at  poets  is  expressly  prohibited,  but  is  the  rule  in  temporary 
p.-inips  .itid  with  marcliliig  volunius,  |iortabIe  oven*  of  various  kiwis 
and  barrel  ovens  being  employed.  The  barrel  oven  is  Ijest  made  with 
a  tmrn-l  with  iron  hoops,  which  h  plaiiil  on  its  .^idc,  t^jven-il  com- 
pletely with  clay  or  stiff  mud,  except  lit  it**  open  end,  and  then  with  a 
thick  layer  of  dry  earth,  leaving,  however,  a  wmall  f^J-inch)  o)i«'ningat 
the  top  of  Ihc  inner  end  to  serve  as  a  flue.  A  fire  is  made  in  the 
barrel  and  kept  np  until  all  the  wood  is  burnod,  leaving  an  ov<n  of 
clay,  for  wliic-h  the  hoi>p«  act  a-*  a  >;upiwrt. 

In  ibe  field,  on  account  of  tranaportatiou,  it  is  nece*8ary  that  cooking 
ap])Iianci-»  should  be  as  simple  and  c(H>nomica]  of  space  as  possible. 
The  greater  the  amount  of  baggage,  the  greater  the  number  of  wagons 
necessary  ;  tlie  greater  the  inimlxT  of  wagons,  the  gnater  the  nnmlicr 
of  aniniaU  and  the  gnater  the  amount  of  nceos-ary  fonige. 

la  the  U.  S.  Ration  Adequate  in  Amount  and  Composition  ? — 
This  question  has  agitated  the  minds  of  many  during  recent  times,  nad, 
more  particularly,  since  the  outbreak  of  the  war  wiih  Spain,  and  the 
ration  has  been  denouncofl,  whether  jusllv  tir  uniiistiv,  in  rc-siWH-l  to  IhiIIi 
quantity  and  quality.  For  a  Iwlter  understanding  of  the  subject,  a 
comparison  of  the  oiIici:il  nition  with  tliosc  of  other  countries  in  which 
warfiirc  is  a  larger  industrj-  than  with  ns  may  not  be  amiss. 

The  British  sf)ldier  nveive!*,  on  honii-  service,  12  ounces  of  meat 
and  I  ]iound  of  hresid,  and  obtains  what  be  can  of  vegiUihlcs  bikI 
groceries  from  a  jier  diem  allowance  of  7  cents,  whicJi  is  detlucted  from 
his  pay.     Wliat  he  needs  in  addition,  he  buys  ul  the  euntceu  (at  coHt) 
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or  elsewhere.  In  the  field,  he  recdviK  1  pound  of  fresh,  alUil,  or 
pntwrvoil  meat,  or,  wlieii  llie  niipjilj'  of  cattle  in  abandant,  l.'iH  p<«aiU 
of  fn>!ih  meat ;  1 .2o  |X)ui)(U  of  tnvh  bn^d,  or  1  pound  of  l>u»uit,  ta 
1  |Hiiiiiil  of  flour  or  m«d  ;  j  oiinoe  of  cuffi-e  ami  J  ouone  of  tn,  ora 
double  111 lonu lice  of  citlicr,  or  J  ounce  of  Hincoljito  or  cocoii ;  2  oihkw 
of  Aiignr,  }  ounce  of  salt,  g)g  ouDoe  of  pepiier  ;  1  ounce  of  eomjitttwO 
Vi'gi'IablcK,  or  ^  iwutu)  of  jKiUitots  or  other  lV««h  vegelablcf,  or  2 
ounifii  of  split  peas,  or  ^  pound  of  ouiotis,  or  2  ounces  of  rice;  ^ 
gill  of  liim-  juitT  with  j  ounce  of  mi^t  wlieii  fixvh  vi-^-tubl^v  an'  ixX 
issued  or  when  the  tiii'dit^nl  oflioer  tliink^  nece^fart' ;  )/  gill  of  .<{iiHl>, 
when  coniiiidercd  nec'essarT,  beHidcts  tobacvo,  ligltt,  and  fuel.  1'lii^  a- 
tion  if  xiihject  to  chtinge  for  better  or  woivc,  aeconling  to  circuiiistnaDn> 

The  Krfuch  soldier  receives  lft.6  ounces  of  ni«H,  26.4  oumwrf 
muoilioii  bntid  luid  8.R  oiuia^  of  white  l>R'iid  for  soup,  or  1&.4  iiiioif* 
of  hani  bread  ;  It.-'J  ounces  each  of  dried  \-e^e1abIeM.  cbieflv  lieaa*,  a*l 
fn^h  vegetahlfis,  with  salt  nnil  jwpper.    Muefa  of  Ihi^  ooiiicx  oiU  of  hi>[Wr. 

The  liorman  soldier  receives  in  time  of  peace,  according  as  hr  b 
in  garrison  or  in  camp  mid   field  roanoenvrcB,  ."i.IltulT.G^  oiuirtsrf 
nieilt,  or   4.4(>-r>,0(l   (hjikvis  of  luieon  :  26.-'>0-3o.W  c>ui»cc#  of  IiwmI,  _ 
3.1«-«.00  ounces  of  rice,  or  4.25-fi.OO  of  groats,  or  8.H)-12  <rf||BB 
or  la-uns,  or  '<;J.0i1-7 1 .00  of  poiutocs ;  and  in  eanip  or  field  niiiDOcmW 
a  liter  of  beer,  or  a  half  liter  of  wine,  or  a  tenth  liter  of  spirit^  «» 
1.7.')  ouncv-s  of  buiti-r.     In  time  of  war,  he  nx^'ivw  13.2ij  oiiKtf  <' 
fresh  or  ailtetl  meat,  or  8. SO  ounces  of  unoketl  meat  or  eausage^  SG-itf 
ouncex  of  Unwl,  -I.IO  ounces  of  rice  or  groalo,  or  8.80  of  jiow.  hoi* 
or  flour,  or  53.00  ounces  of  potatoes,  0.90  ounce  of  masted  or  1  mox 
of  raw  coffee,  and  O.HO  ounce  of  salt. 

The  Russian  soldier,  in  lime  of  peart*,  reeeivcs  7.25  oanow  of  nat> 
•1.1.35  of  r>e  bread  or  2S.:i  of  biscuit,  32.65  of  floor,  and  4.M  «f 
groats.  I II  time  of  vtJir.  he  rcfxive.",  according  to  whether  he  i*  ui  fc 
smaller  or  larger  war  ration,  14.45-21.tJo  ounoes  of  meat,  3(>.l5  (J 
r>e  bn«d,  4.80  „f  |.rt«nte,  and  l.:ifi-2.70  of  .suet  or  IkiIUt.  Hp  it 
alluwer]  also  money  for  1,50  ounces  extra  of  nteal,  and  an  addition) 
wilt  ami  a  half  ibr  vt^-tablcs  and  oth<?r  article)*. 

The  .'\ustnim  soldier  receives  in  pviwe  6.70  'Hinees  of  nical,  W.W 
of  brtad  or  17.6.^  of  hard  brrad ;  ti.dO  of  flour,  or  2.ft0  of  pras  or 
Kan«,  or  4.95  of  groiit-t,  or  r,.30  of  millet,  or  4.00  of  Ixirlej-,  or  3.W 
of  rice,  or  iy.75  of  potatoes ;  5.55  of  sauer  kraut,  and  O.W  of  Slit- 
III  time  of  war,  It.HO  otinci'^  of  m«it  or  tJ.OO  of  ■Milnti  inml  or  b<K»>n ; 
25.20  of  flour,  3.o0  of  hanl  bnad.  5.30  oC  pt«s,  or  4.i)4  of  gtwU.  '* 
fi.55  of  sauer  kmul,  or  S,80  of  ]iolutO(<ii ;  and  1.06  of  Mict,  widi  o^? 
and  iKvr,  wine  or  spirit/<,  and  4  rents  for  extra  x-ceetabtm. 

The  Spanish  s«>!dier  n-ceivcs  24  ounces  of  bread,  and  is  reqiliwl  lO 
njiend  7  ci'iits  out  of  his  ilnily  jitiy  of  !I  n^Mx  for  IIk-  n.-!-!  of  hi*  *"'*" 
eifiteuiv.    In  time  i>f  war,  his  [wty  i*  increaswl  from  2.5  toft  eent*!"^*?- 

The  Italian  soldier  rcceiv<*  7.05-10.60  ountv^  of  moit,O..V"* 
bacon.  .'12.40  of  hrtad,  6.30  of  rice,  0.70  of  sugar,  0.50  uf  coffi^  ^ 
of  salt}  and  a  quarter  titer  of  wine. 
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Oom]tari*on  of  thme  figures  with  those  of  our  own  ration,  clpmoi]- 
Btraifs  at  onw  that  oitrs  i*  in  nil  rc-*|KVt.«  the  nii»l  lilicml  nitiou  in  the 
worlil.  Ill  only  one  instance  ih  there  a  conspicuous  siiiierinrity  in  the 
amijuntuf  au  iuiportunt  i!oiwtilii«nl  ;  namely,  the  very  j^-iieniiw  jillow- 
aiiee  of  jtotatoea  in  the  German  ration.  Nut  only  is  the  IT.  S,  ration 
the  moist  iibiinihiiit,  lint  it  nihnitK  vf  {frc3it<T  vurit*y  thiin  any  otlicr, 
Itnt  even  at  ihat,  it  is  helJ  hv  mjiny  to  be  insufficient  in  nmotint  for 
the  |iro]KT  |K'rtiirnmiiov  of  the  work  ii  sohlitT  iiiiiv  lie  (Tnlliii  ujNiti  ro 
perform.  Expert?*  in  llie  making  of  tlictarie*  have  propo«yl  increasing 
the  tldiir  and  sort  bnaiH  allowance  by  aljoiit  a  fourth,  and  atldiny  altoiit 
5  ounces  of  flour  to  the  alternative  allowanw  of  hiinl  hr«iil  ami  20 
|H'r  cent,  to  tl)e  alternative  allowance  of  corn  meal,  with  a  reiineiion 
of  40  per  ecut.  in  the  allowaiiw  of  pnlatoi'.-',  and  the  alternative  of 
money  value  in  milk  or  cheese  in  place  of  the  allowance  of  |)eas  or  beamt. 

In  tiie  cun:<i(lenilioii  of  ihc  que.-<tion  oripiiiHty  and  vuri<'ty,  it  i^hoiikl 
be  borne  in  mind  tlmt,  ^vhile  it  is  necessary  to  have  a  (-tJindard  of  fiHwl 
vaUiit  fixed  by  law,  it  is  not  mtc-^-iary  to  ciin^-nuic  prti'isely  the  arlides 
named.  Nor  is  it  possible  to  fix  a  money  value  tt>  the  ration,  and  yive 
lait  tiie  cash  equivalent  in  place  of  actual  food,  for  the  ttoldier  is  not 
always  near  a  market,  and,  moreover,  il'  he  wore,  it  is  most  evMltiit 
that  the  sjime  anitaint  of  money  in  <lilfereiit  plairtu*  wonkl  yield  very 
ilillererit  ainoiinti<  of  uiitrinient,  since  in  one,  the  foijd  aupply  is  itbun- 
dant  and  cheap,  and,  in  another,  scanty  and  expensive,  AVhal  the  soldier 
cat*,  di'iH'iids  n|)on  einmmMniKw,  iind  laifjely  ujMin  tlie  diMrction  of 
oomjMny  (Vim  n  landers  guided  by  the  advice  of  the  ni'dii;tl  uflieer".  hui, 
n)>  caid  bi-liire,  the  lurtnal  (boil  value  i'^  fixefl  by  Cohl'h  ■-.  ;iiid  is  based 
on  the  espenLiicc  and  t-tiidv  nf  many  vears, 

Ib  the  United  States  liation  Suited  to  the  Tropics  ? — ^The  quctt- 
tion  of  the  suitability  of  our  ration  to  Uie  tropics  is  one  which  bus 
assumed  great  im|>ortajKre  since  the  necessity  anwi'  for  mnintainiiig  large 
armies  in  our  new  pii«se:*siuns.  and  its  discussion  lias  been  markwl  by 
a  much  more  tenipei-at^  tone,  and  has,  therefore,  ylekhil  better  n.i»ults. 
The  beginning  of  the  di.«eii.-s?ion  may  lie  said  to  have  arisen  tVom  the 
fact  that  it  iMHame  generally  understood  that  bacon  was  a  ne<x3>.*iiry 
eonstirucnl  nf  the  dailv  fiwid,  both  in  iiimpand  in  aetivc»)ier!itions,  in- 
stead *il' an  alternative,  as  may  be  j;atlierod  from  the  wonliiig  of  the 
statutt^ — fri'sli  Ih'cI',  or  fii^h  niiiMnn,  cle.,  nr  pork,  or  IweoD,  or  salt 
beef,  or  drie(i  fish,  of  pickled  fish,  «c  fresh  fish.  Bacon  has  its  advan- 
tages at  certain  times,  but  is  not  eagerly  Nought  aficr  by  those  not  in 
good  lieiUth,  nor  is  it  a«*ptable  in  vert'  hot  climates  as  a  regular  diet 
any  more  than  any  other  tiitty  food.  Fats  an-  nuuh  needed  in  cold 
(-limates  for  t!ie  prrxluetion  of  IhhI  ;  in  hoi  climates,  the  necessity  for 
their  use  is  but  slight  in  comjwrij-on.  But  when  fi-esli  meat  cannot  be 
obtained  either  on  llie  hoof  or  from  cold  stonige,  «n<I  wlieu  tlw  appe- 
tite U  cloyed  by  ciinned  meats  (and  this  is  soon  brought  about),  bacon 
is  acceptable  ar^  an  occasional  substitute. 

To  those  at  a  lUNtniicc  and  UQucquainteil  with  load  conditions,  the 
ideal  supply  of  fresh  meat  is  cattle  on  the  hoof.  But  the  cattle  of  tli« 
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tropic?  «rr  not  tlir  wunc  at<  thntw  whidi  we  know,  mH*  are  tber  alwiva 
ti»  Ix-  bud  in  i-vmi  i-mall  iiunilHT!*.  Si-iuliit)!  live  (iitlii' fmm  lutnir,  In 
Ix'  <lrivt*ii  along  nn  tlio  march  to  Ik?  kilktl  at  nwdwl,  is  not  always 
pmvtiuililc,  for  l-vi-ii  if  Inmlotl  iu  ^oimI  condition,  they  mnnot  bi>  krpt 
on  tlic  lunrrJi,  and,  unlc«d  the  country  tnt\'ei>«.Hl  iri  goutl  gmniii;  Iiiwl. 
chi'V  lii^o  \vi-i(rht  tux!  tJi^-  oH'  ragtidly.  i'mtnit)  nu-iit'<  un-  much  inrriur 
t<i  IVii-h  nimtfi,  and  iflTumt  Imi;;  W  witcn  witli  rclifJi.  TIr"  winmil  h- 
rulittl  ro'LHi  l>tH>i'  is  cumiiioaly  the  rxT^idiio  of  nical  alU'r  iho  cxinKUva 
hiive  been  Ixtiloi]  out  of  it  for  tho  niuiuirurliin-  of  nicnt  i-xlnitl,  uotlil 
in,  thcreforp,  lacking  in  flavor,  although  not  niatc^rtally  dimiiii^hi^  iti 
lliitrilivi-  |ini|H-ni<-^.  It  i^  otU-ti  iv*  lii.-loli.vs  nnd  idnioft  lif'  ditliciih  tu 
chow  My  towelling,  and  i»  fur  Irom  invitiitg  in  a]i[>earanii;',  i-MpFrnlly 
when  lilt-  taiL-i  niv  ojH-mil  m  oi'dinan'  h>tl  summer  iciii|>t-n)iut>'. 

Ad'ordinfr  to  iiuiny  ex[K-ri<-iic<.><l  nitnds,  thu  consumption  of  nsralii 
any  funn  should  Ih-  much  limited  in  thi-  tropiirs.  Kotjucmiinrf '  aA'tv* 
thi.'  KiinijH'iin  ill  ihi'  iropics'  Im  Hike  ni>llii[i;;  into  liix  ^Imnaeh,  ner^ 
articles  easily  digested  ;  niniton,  liei-f,  ami  pi-rk  only  in  raoderali*. 
ftiid  not  too  tlioniiigldy  eooki>«l,  and  nut  rcj^iilurly  or  tiNi  i>neu;  liiriv 
ff^,  and  lisli  are  more  to  lie  eommended ;  cHpcciBlly  to  be  rviinl  u|wb 
are  rice,  dried  vejp'tjihli-.s,  fn-^li  vegetiihUw,  stnrrhy  fixKl.-*,  iirKl  n\%-  fnul* 
ill  ijoutl  coinlitioii.  KohlbriJKp?*  place*  above  all  oIIrt  inllnciny^  ui 
the  detcrinration  of  ]Miro|H-ant4  in  the  tropics  the  too  extmnive  ii'«"<f 
niiinml  fiit«,  \vhifh.  he  chiiini^,  are  nvixMi^ible  for  mucJi  of  the  dJiiAnil 
troubles  of  the  tropic*.  He  rew>mmends  the  vegetable  oils  foe  i--ti|>iJv' 
in^  what  f:it»  an-  in'iilcd  by  the  IhkIv. 

The  ohservntions  of  Dr.  L.  L,  Seaman,''  in  Porto  Uico,  Iml,  is  (a", 
to  ths  MtllV  ronchiAion.  He  rdntiis  that,  within  a  wei>k  alW  kuxliii^ 
in  the  summer  of  1898,  in  b-pite  of  the  iftridiwt  ^unitary  pn>«wliaai 
and  |)CT.-ional  hygiene,  tJte  entire  fi>rtx'  with  whidi  \w  wiia  piiinn*^ 
suffered  from  j^onie  form  of  int4i>linal  catarrh  frcin  one  cbum  >m 
another,  mid  tliiit  medicinion  wai  of  no  avail,  sin«>  the  diet  nf  Inewii 
i^!illi-d  beef,  cjiiined  beam"  and  jmrk,  uiid  liardlack  prove<l  to  be  a  «•■ 
tiumd  irritant,  by  which  tlu?  troubles  were  agJ!ra\^ated  and  the  jwW 
of  n:^iKlnii<<c  much  rediieeil.  Under  siurh  iNmtlittonn,  nuilarii  and 
typhoid  fever  gained  a  f'w>lh(i]<I  in  the  syntem  with  niiH'li  «to»j  fo* 
e;ime  the  mal.-trial  fever*  nf  llie  varioiiA  tyjM'!',  and,  in  the  early  pu1«< 
Jx-ptcmber,  on  the  intriMhictinn  of  tho  gcnn?  from  Tam|in  and  ('liiiiv 
mauga,  typlioid  fever  bi"oke  out,  and,  spread  by  liitw,  coiitinii'il  "'"' 
varj-iii^  severity  nntil  cm  I  Kirk  sit  ion  for  home  in  NoveinU-r.  TlK-rtli" 
of  a  nulk-diet  mils  cniplialically  deiiion>trate<t. 

Kc>crfrr*-<'  rt'commendalion  to  Knn>|Hiin.s  to  Iciive  thwr  pffk  Wi 
nirattt,  and  alcohol  at  Iioinc  with  their  luntiug  etoveti  and  furs  "'•'' 
they  jro  to  reside  in  the  tropics,  is  i]iioted  in  ivmlimialion. 

While  tlie  uj**"  of  green  vejfetablw  i*  iinivti>aliy  n-eomtnen'W  w 

'  tlvtrl'nn  slinii-Dliiiiv  aiixjia}»  rhniMK  IdvnKiiiii,  \>fA.  ,  ^ 

■  I>ii-  \..-i'liniiili>:itkRi  ik-r  Euru{-riiT  in  ilf-n  Tr»)H.ii :  Deuttcb«  ■Mdiotofanb  Vnw^ 
■rhrin.  imn.  }i.t.  ''T  sua  38. 

•  ,\t.-«  V.)ik  Miilinil  Jnurtsl,  Marcli  18  hii<1  ft'..  I8B9. 

*  DmimtIic-  iiivilk-hiH.-h(<  Wochviiwhrifl,  July,  IMia 
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the  tropics,  it  a  not  ulway*  t«S)',  uml,  in  fiict,  it  U  ofV'n  (.•jctrt'tiicly  diffi- 
piilt  or  inijKWiiiible,  tit  ublaiii  tlioni,  since  the  native;^  <il'  iIh'  tropics  are 
commonly  iruiiunit  Id  livr  in\  rice,  ihiitl  Ikjuih,  ntid  j'niit,  witli  an  >Hxn- 
liional  taste  of  fish  or  meat.  Cautied  ve^frtiihlL^,  whilf  prattful  to  the 
systvin,  iiro  not  wh<iUy  tn  In-  itK'«mimi'n(l(-«l,  on  awount  of  trans|w.rta- 
tion.  A  can  of  Ktnnp;  beans,  tor  txuinplt',  contnini^  it  niaxinnini  of 
w.ilcr  uikI  a  niinimtim  of  nuirimeni,  and  tor  its  real  service  in  the 
diL'tsirv  may  be  suiil  t*>  Ik'  hiuillv  worth  IIh  ciinl  of  lyirriiigc.  Oriw) 
vegt?tabU-s  and  fruits  are  more  economical,  but  should  lje  well  soaked 
belore  use. 

The  Court  of  Inquiry,  appoinlpil  to  investijjatc  the  food  supply  of 
the  anny  during  ihi'  war  wilh  Spain,  iv|n)rlei]  among  other  roncbisionw 
the  tollowing :  "  As  to  the  cf]c*ts  of  the  food  supply,  having  rt'giuil  to 
siirtii'ieiii'v  and  ipudity,  it  seenis  to  he  clearly  cstjihlisln^I  that  the  army 
nition  lis  siippiiei],  without  nnxfififatioM,  l«i  the  Imopr.  .■nrving  in  the 
\Ve.-t  Indies  was  bv  no  means  well  ai:la]>te<]  for  use  in  a  tropicnd  climate. 
If  ihi.*  Im-  true,  the  tinlitnt^ws  nf  the  r.iIJon  ^iiouUI  liave  manifcstixl 
itself  by  its  failure  to  keep  the  tn)o]>s,  who  sub-listed  ui^ju  it,  in  the 
bfsi  po^xjblc  (i^iidilion  for  wrvici'  in  lioi  c.limnti^s.  This,  in  the  opinion 
of  the  eonrt,  is  fully  cslablishtHl  in  evidenw."  Seaman  advoiiilts  a 
retluctitni  in  ihi-  meat  components,  the  use  of  salttxl  meats  not  oftener 
than  twice  per  week,  and  an  iniTawe  in  the  ullowancw  of  vi^-tahle  and 
farinaceous  foixis  and  dried  fruits. 

Dr.  l->iwai-il  I,.  MnuHim,  IL  S.  A.,'  has  stndiiil  the  tiubjift  of  tro[>- 
ical  diet  from  the  standpoints  of  physiological  science,  availability,  and 
praclicjiliilitv,  aii<l  eimcliidi.--*  thai  the  artick'.'*  of  llu' nition  are  eornMrl 
as  they  stanii,  being  admiiybly  selected  and  of  giKxI  \'ariety,  but  need 
sonic  n'arnuigi'mcni  in  ihcir  iY-N|KM'iivo  amounts.  Ho  propostis  certain 
motliticiitions,  and  ofl'efs  four  dictaiicf',  the  average  of  which  id  not 
widely  variant  from  a  pro[Miw<I  nutritive  standard  for  soldiers  in  the 
tntpicit,  as  follows:  I'rotrin.  10"  gnnnmej' ;  oirhobydmfe.'",  fJoO  ;  fiil«, 
65.  (Nitrogen,  IW;  total  carbon,  .'iH'i ;  fuel  value.  ^,4111  calories.) 
Dictnrv  (.  cuntains  tin;  greiiti'.«t  anmunl  of  food  material  which  may  bt! 
dmwn  by  the  soldier: 

TROI'ICUL  IHtrr.VHV  I. 


AMU/U*. 

Qutnltljr, 
tmtaim. 

grMnc 

Carbnhi^ 

(now. 

ffauln, 

gnm. 

PlUll 

iwinrlcK 

Frwli  beef 

Klollf 

8ug»r     

ID 
IS 

la 

3 

8.6 

«,75 
S.GO 

i.a! 

0.1S 
1.&3 

380.46 
40.  IH 
81.70 

saM 

W.08 

10.10 

9.50 

1.77 

6.67 
7.90 

■i.n 

IfiS 
0.27 

18.78 

1,S50 
2J0 
380 
220 
397 

SS.9 

SS.6S 

630i»9 

123.1  & 

3,677 

Total  i»rl» 

an,  SDTiM 

^nu;  nit 

rogcn  In  on 

rbuii,  I :  I'J 

.6. 

'The  Idml  Ration  forui  Amij'  in  tliu  Tirtpiw.     (Prii««iM;>)    Boston  M«dlml  unci 
Snrsicitl  Joiinuil,  Ma;  3, 10, 17.  knd  24,  IIKIO. 


^^H              Dioluiy  II.  18  c:<pcetnl]y  a|t)iliral)ti;  to  fu-K)  mtvim'  ;  in  tliU,  tlic  (lar; 
^^H^        ooti.stJtueDte  attain  tlieir  tnaxiinuin  and  the  potential  cuergi'  is  hi^: 

^^^^                                              TROnCAL  mETARV  IL 

^^^1                                     ilMlslM^ 

bUOHB. 

FUM 
fnau. 

cufabr. 
glaua. 

i'^>Ula, 
gnM 

^^M           IlMnj> 

^^H           DriMi  fruit 

ft 

U 

'lA 

3 

3.& 

106.06 
6.03 
1.32 
1.63 

37i'.ei 

40.1S 
«tt.70 
94.25 

l&tH 

73.12 

16.1« 

L77 

its 
II.7< 

OUT 

« 

\^  1 

SS.9 

114.44 

668.94 

106.69 

WM    '  V&  I 

^^H                                       ToUl  curbAn,  328.7S  gruu;  Rttro|t«a  10  orbon,  1 :  23.                        ■ 

^^^^^   Dietai-y  III.  is  prupuecd  for  gsrrisoa  duty :                                       1 
^^^^                                              TBOPICAL  OIKTARY  UL                                      1 

^^^1^^                   AMOm. 

(■LJII««- 

pan*. 

OMt>ohj* 

fnMo, 

(MU. 

w 

St 

^^H            8oftbrMd 

^^^H           I'utniucsuidonimu    .  . 
^^^H           Dritd  fruit 

10 
SO 
16 

S 

8,6 

14.7S 

6,$0 
0.72 
1.S3 

■      % 

S(w.s6 

73.09 
50.70 
&4.2S 

41.88 

63.S3 

8.60 

1.77 

M\ 
1.4* 
0.2; 

^^M            Toul 

saao 

517.34    i    IWkSS 

18.U 

ua 

^^^H                                       ToUU  (Ktbon,  H'lSJiO  Kranw:  uitmccii  to  otiKni.  1 ;  td. 

^^^^          I>i<'tar\'  IV.  irt  a  cnniliiniilion  nf  tlie  wvcml  aillHcs  of  the  nitii«nw* 
H               rliMK-ly  sippruatrliinfT  in  rlianictir  tlic  iimd  nmU-ri.iU  ii!*c<i  liy  ttip  lalH* 
H               of  the  troptdE^,  projwrtiont-d  according  to  the  propueed  staodunj : 

^^m                                                   TBOPICAL  UlSTARY  TV. 

^^H                      jtnidM. 

QjMintit)r, 

UUDOO. 

CBitabT- 
crunk 

J'nWla. 
fnnu. 

w 

•MM 

V                 Kmh  Huh  (cod),  whole  . 

14 
20 

4 
16 

3 

3.5 

0.79 
&80 
0,4S 
nA4 
1J3 

209.20 
88.97 
65J0 
W.70 
114.26 

81.7S 
63.KS    ' 

8.7fi 

8.17 

1.77 

607 
Ml 
1.40 

OlU 

Iff 

^^^V            I'oiatOM  *nd  tamatodi    . 

^^            Dri*dftnlt 

1                  Siigw 

ToUl' 

U4.0 

10.11 

.^8.82 

104.28 

16.71 

XW 

Tola)  Okrbcn,  8ST.r>D  gntma ;  nilm^en  to  caifaoil,  1 1  lAA 

: 

'  tt  will  be  notiwd  llia.t  (he  <in<l  mid  RJxth  oolumm  rio  not  »AA  iiji  uwailinf 
lulnts  ejiirwei).    The  InUm,   howcrer,  being  iMed  in  lh«  tabic  bdowt  v*  ** 
ODchnngcd. 
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Tlif  following  table  bHows  the  tneun  imtru-nt  oompositiun  of  the 
lixir  liioliirii-n,  niid  admits  of  rcndy  compiritton  of  onv  with  anotlier  : 


McUrr. 


No.  I. 
No.  II- 
No.  11 L 
No,  IV. 
ATenge 


Quidtlljr, 


52.9 
32.9 
52.5 
64.0 
60.7 


114.44 
b3M 
t0.11 
67.97 


CWtehr- 

fHUU 


tt30.89 
S56.M 
6i;.34 

675.68 


xnuiiL 


1S3.19 

I0A.88 
1IM.IS 
lOCTS 


ETaiu*, 


18.78 

16.71 
17.34 


3,677 
3.S2$ 
S,05» 
^947 
3^5 


Total  carbuii,  350  grunm;  nitrugm  to  omtbon,  1 :  SO. 


Posts  and  Camps. 

Posts  nre  pcrmirnciit  fuinjM  or  thin'v  of  position,  and  camps,  in  the 
u.-<iial  .-f-nsi',  an?  temporary  or  incidental.  At  jwsts,  the  tmoj*  are 
huiiM-d  in  IjiiiTiiok.H,  whih-  at  l<im|Mimrv  c:iin|M«  tnev  upfupy  tvnU  and 
hilts.  The  Biinu'  wiiutiin'  eoofiideratiiia's  apply  wpiallv  well  to  Iwth,  but 
choice  of  lii(iiiti<»n  of  t<'m(>oriiry  eumps  in  time  of  war  ia  detcrininwl 
commonly  by  imniwliutc  iinil  »tniteni«il  c<insiilcnilion».  B"Ui  shonid 
be  laid  out  in  sueh  a  manner  as  to  insnre  proper  air  supply,  cleanlineKs, 
und  pL'ncnd  .■■ainbrity,  and  rtlioiild  Ih.^  as  <i.)ni|iart.  ui(  i.->  c'oni>i.''t*-iit  witJi 
the  prineiplos  of  hyjtleiie,  for  a  compact  camp  Is  more  easily  oared  for 
linil  ik'fendiil,  wiiilc  "ni-  unnii.vs.-'iirily  fxleniUil  involve.-"  irnTwiJM.fl  labor, 
slower  delivery  of  ordei-H  and  supplies,  and  greater  difficultiei-  in  sani- 
taiy  polic-injr.  Willi  the  tiiotieal  and  r>lral4>^ii-nl  rtipiircmeiilf  and  );en- 
cral  plan,  which  is  a.  matter  of  ri'j^idution,  the  hygicniat  has  Dolhiii|f  to 
do,  and  his  interest  lies  only  in  the  distances  betwe<>n  diffi-rcnt  ttiidi(« 
of  men,  the  siw  of  coniiiany  urea",  the  enbie  space  [xt  man,  the  proper 
location  of  sinks,  liitrines,  and  nrinali-,  the  metisnres  adople<l  for  snrfa<w 
dminii}^',  dis])o,sid  of  wwij^-,  pirhiip'  and  i>tnb1c  niannn'.  the  wati?r- 
aujiply,  and  other  matttrs  davliig  a  hearing  on  the  health  of  tJie  lroop«. 

The  general  plan  of  a  camp  i.'*  shown  in  Fig.  OS,  lukcii  friHn  the  In- 
fiintry  i>ill  RfKnUition,  and  amomled  in  the  matter  of  distances  and 
intervals  by  I>r.  P.  ('.  Harris,  U.  S,  A.,'  sincti  no  di^tanoi'.s  and  inti-i-- 
vnljf  are  given  in  tin-  n-giiliition,  for  they  mnst  vary  arrojrding  to  the 
nature  of  the  ground  and  the  strength  of  the  ciimniand.  The  plan  in 
made  "  on  a  IkisLi  of  H  men  t.o  a  common  lent  or  10  In  a  conical  wall 
tent ;  the  maximum  allou-ance  of  tentage  is  ti  men  to  a  common  tent 
and  20  to  a  eoniad  wall." 

Sites. — One  of  the  mojft  ini|>"rljint  matters  eonneeteil  with  military 
hygiene  is  the  selei-tion  of  a  proper  site  for  camps.  Everything  Viear- 
ing  on  the  hciillb  of  thoM;'  who  an'  to  oet-upv  the  ninip  :i!muld  1r'  ei.m- 
sijereti  important,  and  every  eflbrt  shoiild  lje  made  to  incure,  so  far  as 
it  is  possible,  rhiil  there  is  no  jioint  of  U-aM  res  is  hi  nee  in  the  barriejs 
against  ^lueuHc.     If  an  unhi^Ithy  »ite  is  chosen,  do  amount  of  core  cun 

'<.>uii]]suf  liwl ruction,  Kcprint,  Duffiilo,  Dc«.  14,  1898. 
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wanl  ofl",  lliougl)  it  may  rhwk  llio  estoiit  of,  evil  coiw*<joaHT>.  b 
a<rtive  «artare,  ohoioo  of  "sites  is  not  iil»iij-»  a  widt;  inie,  and  ruoveoirtw 
mill  fiwrvtwity  jiluy  u  gtvtitiir  inii-t  than  sinitan*  oouwdoralioD.  IS'ka 
practicable,  tlity  'idioiJil  be  plaoHi  od  high,  wcll-drain€«l  gnmnd. 


I"!.!.    Its. 


^'W^^fl'^'J^  * 


•pVMnM.        ■ 


■ 


••' 


LiTJ. 


(iifct    i^^  i.^;  >^ 


•  •  •  S  S  •• 

•  •  •    •    •   •  • 

•  •  •  • 


PlaaorMinpir(diici»<lKil}iMK«l<nra4<Hniotli«lnrbn>>|i>„,„f  ^^. 

Proximity  to  watw  is  alwnys  nowtssary,  and  tlib.  nwiv  invfiK-p  J 
po^irp  to  niiiliiml  inffotioii  ;  but,  other  tliiiigx  being  oafrtat,  tlw  iJrir^ 
(titP  should  Ik-  selected.  Where  iho  choice  is  rci*lrici/-(J,  a<I\-anij»i«> 
iihiiiihl  U-  ttikrii,  in  <iiM  wwiibcr.  nf  any  availabli'  prou-vtifin  trttm 
windd,  and,  in  liot  cliinatps,  from  ihv  burning  miii.  The  frpnenil  itiune 
of  titc  gTx>iirHl  nhould  be  con^idcnrd,  eo  that  surface  dniinngo  mai-  b» 
best  jiruvidvd  fur. 
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fttU  itboiild  bo  dry  luitl  poroiii*;  cluy  niid  other  soWs  nf  ]nvr 
perineal lility  Ut  air  and  iniii»liirc,  but  with  bigb  n-lfntiv<-  |Miu'cr  dir  llie 
ialU-r.  HbiiiiUI,  il'  |KiKsihlc,  Im-  iLvoidctl.  If  t]w  [irmnni-waliT  Uvel  i^  lupli, 
it  Mlmuld  In?  lowt'rrd  by  tilp  drainui;i;  or  diU'liiug,  in  «ise  tbt>  ftjinip  in  h> 
Ix-  OIK-  of  |K-nuaiK-iii'<-.  A  <-Uiy  soil  or  n  snil  uiuK-rlnitl  iit  ii  I'liort  dU- 
isiHtr  by  a  clay  foil  'm  i\-fpirJ«l  cumm'Hily  as  llitr  worst  ]Kf«sil)b;  site  for 
■  oiiiji,  jiiiioc  it  in  n^toiitivi'  '>f  n'iit4-r  and  is  cold,  niid  »iu.si-.-i  tiu-  titiiio^ 
^Kic  iuimtdiatcly  iibnvv  to  l>e  iLinip.  Olil  river  bottuni!^,  d^ep  ullii- 
viiini,  and  niar>>by  j^oiind  should  be  avoided.  Grass  land  nmy  ooni- 
monly  be  acei-pktl  iw  fjinKl  I'liiiipiiig  ground,  but  (jroinid  cuverfd  wilh 
rank  vt^lation,  as  in  Uie  tropica,  is  not  aca>ptable,  be«m»e  sncb  is 
gciH-rally  rieli  in  dcaiyinp  orjnini<'  nmtUT,  ami  tin-  prw^-ncc  of  rank 
vi^vtalion  is  in  itself  evidence  either  of  a  verj-  humi<]  atmo8j»bere  or 
of  nti  iiiide:>inibli-  lU^ree  of  !*oil  inoiHtiire.     I^mdn  i^iibjcd  to  [K-riodi<ral 

UNting,  (-s|K.vially  by  salt  wiitor.  should  be  avoided  as  iinbetdtliy. 

Almvf  all,  it  nhotiid  bi-  a  rule  to  nvoid  old  eaiiip  git>mHU,  for  tbeae 

JiDy  arc  loll  in  n  tiltby  condition  by  tliu  prcvioiiK  (iivii|<»ntis,  and  tlic 
Dtl  is  always  eontaniinatwl  extensively  and,  jierliaps,  infected.  If  an 
cilfl  ciitnp  ^itr  i<  |Kirtii-iiliirlv  do.Hiniblo  nn  itixHinnt  of  llii-  aci-tviHibility 
of  woo«l,  ufiter,  and  tfras>|llie  tliree  eiisentials  demanded  by  tbo  line 
ofBcer),  a  {)<x<itioti  to  windwunl  nnd  iis  m-ar  an  is  cou»it<t«»t  «itli  liy- 
penic  considerations  may  bo  eok<i>ted. 

Dryiiitw  of  the  sit*'  aiid  vicinity  \ri  of  prime  importnncc  in  ita  brar- 
iilf;  on  ibe  bealtli  of  troops,  but  too  );ront  dryness  uitb  inucb  du^t  ia 
burtfiil  til  tilt'  eyes.  A  jKisitioii  oti  tin-  nide  of  a  hill  i.-*  warmer  than 
Diiv  at  the  top  and  drier  limn  one  at  the  bottom,  and  is  favorably  ;«itu- 
ated  IIS  n-gards  that  mo6t  esAcnlial  prox'iitiou  in  camp  sanitation, 
dntiuagv. 

Barrages. — Barracks  are  perinnnenl  structures  for  the  lodgment  of 
Ai>ldieri>,  and  ;ir(!  built  ivminionlv  of  one  or  two  storii'S  bnt  not  iiKiro. 
Each  bnildiiig  of  a  group  sboiiid  be  oompletely  independent  of  the 
othrrs  iiihI  plaixxl  vritli  r^'feronce  to  prevailing  wimtt  and  ex|KK*nro  to 
llie  v<itti.  It  is  ei^jiiiitial  llmt  tbe  fite  be  di-y ;  the  foundation  uiilb) 
Miliilly  laid  ;  iho  walls,  of  whatever  niatfriul  i-onstnieteil,  dry  and  pro- 
imiti  ii[;Tiinst  <3ipill:iry  iiioiHtiire;  the  flfiop",  of  luin)  wood,  ti(;lilty  laid  ; 
aod  ihc  ventihition  efiicieut.  Itsrraek  rooni^,  wlueh  an?  the  soldiers' 
living  roonii*  as  well  a*  eleuping  ipuirtcra,  arc  gencnilly  inAde  loii);  and 
narrow,  and  each  occu|i:int  has  floor  sjiace  and  air  K]uice  aceordin)'  to 
Uii-   nrr^ilaiioiH   oblaining  in   the  (Mtiintry   whirl)  he   .4(■r^'es.      In   this 

Hintry,  600  cnbie  feet  of  air  space  jier  man  are  reekomil  a<teijnutv, 
this,  in  n  room  12  fivl  from  (liHir  to  mling,  given  a  floor  sjuiee  of 
M|iuirc  foct.     C'avaliy-  an<l  artilleryntvn  an>  givon  somvwhat  luorc, 

laoeoimt  of  the  odors  whieh  eling  to  them  from  contact  with  horseti. 

1  !<»(*  amount  is  aIlow(ii  whin  liiiop*  are  (piartoriHl  in  ordinary  dwell- 

At  Siutheni   |M»sts,  S)KI  cubic  feet  of  air  spuci-  and  70  square 

;of  Hoor  n[utce  are  allowed.     In  Knulniid,  the  allowanevn  are  tlie 

I M  willi  u«  for  inlautrynien  in  the  North  ;  ill  India,  ihoy  an-  from 

I  cubic  feet  and  75  square  feel  to  double  those  limits.     In  Fruncc, 
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tho  cnhw.  t>p(i«c  allowed  Lt  420  mbio  -foet  for  tnfiintry  Hu<t  5(H)  for 
cavalry.     In  Gernuiny,  it  iif  500  cnibic  fcot. 

'I'lic  \raj"h-r«oms,  uniinb,  at»J  latrines  flhotitd  l>e  placed  wiili  due 
rcgaitl  lo  convciiifiiw  mid  to  ^-iionil  liygioiiio  LiunsitlcnititinK. 

Ventilatioi)  should  bo  planned  with  a  view  to  the  grciile>it  pcissiUc 
Pf^lurtion  »r  tlw!  imtimil  imfmrilies  due  to  oociipdiicy,  Uit  wiili  ihi-  pnw- 
cnt  cubic  splice  altovraDoc,  tvhatvvor  the  »iyt^t4.>iii  cnijtloycd,  ideal  nviilf 
cjmiiot  Ik>  nttitiiUHl.  Kitmu^k  liTc  is  ne«^r«»<arily  one  of  iiv«-rcri'uiliii£, 
but  the  Condi tiotifi  wbicb  now  obtain  arc  fur  superior  to  th<»«.'  vliid* 
fnraiorly  prevailed,  llie  evils  of  overcrowding  of  ^oldiei^  wwe  firrt 
bruii^bt  lo  li<;lit  by  an  invcj<tipition  of  llio  bcnlth  of  British  mi&m 
ID  ISijS.  It  was  shown  that,  whereas  llie  mortality  rate  of  ihepifin- 
liiiiim  of  Kn^liiiul  :ind  WiiIi'h  uf  ihe  :>ajni.-  iip>  u!>  the  army  wdk  II. 3  for 
town  and  coimtry  and  7,7  for  countrj'  alone,  and  VIA  for  tli-'  o"< 
iinliejilthy  town  (Miincticster),  tlint  of  the  diircri'iit  arnin  nf  the  strivt 
rangitl  fnim  11  fi>r  the  liou»^chold  cavalrj'  to  :J0.4  for  th«'  fimipiiLnls, 
According  to  a^e  [leriod..*,  iht-  niorliilily  wah  iliHtrib4ile<l  »■■•  follo«>: 

i.»^w,„--",  'CirilLin*. M 

A.-.  9r.  tnvi  /OrUuijw M 

Ab»  25  lo  3a  I  g„,ji,„ _    _  ,ij, 

. an.„QE  ]  CiTiliuiu .  lU! 

Ag«.80to35.|(^,j;^^ ,^^ 

._q.,„.n  f  Civil  inn*. 11,6 

Since  the  soldiers  were  picked  men,  all  upplicanta  with  any  cvidnx* 
of  wcaknc^  or  tendency  to  dLicnw!  being  rejected,  thvsi'  chila  iti<ii<nt'd 
a  serious  condition  of  aOiiir^i.  Coriijiarisiin  wiim  made  with  ihr  ni# 
obtaining  among  the  ela>»  of  agriraltnr.il  laliorers,  tlieir  work,  liiif  tiot 
of  the  soldicrfl,  being  mainly  onl  nf  docr^.  It  would  Ik-  exix-rted  lli'' 
tli<'  Inttcr,  being  well  clothed,  housed,  and  led,  and  given  frecmtdinl 
care,  wonhl  prcwnl  the  k-lter  Hhowing,  bnl  wich  proviil  nirt  |ol»»iit 
<aee,  for  the  mortality  of  the  lalmrer  being  i-xpres*ied  as  I,  tkit  "flfct 
h(iii.-<eh(>ld  eiivniry  wil*  ].R.  dnigoonn  2.:i,  inliintry  of  tin*  line  2.9.  U" 
footguanls  ■'{.:).  Comjiarison  with  tucii  in  oiber  o«-n|iulio»<'  Mw™ 
that  the  miltliciv'  prenetitcd  the  nioi<t  unfavorable  titatLitien. 

Inqnirj-  ui>  to  the  cjinec  rc^vealcd  that,  wheivi*  among  civilians  »t  tte 
Boldivrs'  ages  the  dt^iths  fiwm  di.-^eii.xM  of  the  lungs  wen-  IJ,."!  jier  li^A 
they  Were  7.3,  10.2,  and  13.f*  rc«|Kftively  for  x\w  euttdr}-,  iofnW'J''' 
the  line,  and  giianb  ;'im«l,  furthermopp,  that  of  the  entire  nmiihrn* 
dcnlhn  fi^iin  all  can^ci*  in  the  nriny,  the  pi-o|H>rtion  iliie  lo  lunj;  ili'Mf 
iiinotintcti  to  .'iJl.It,  ^"J.ii,  und  07.7  |x?r  cent,  resiiei'iively  in  tli*  (""* 
iibove  nK'ntionol.  Finally,  by  exebirtion.  ihi-  raiise  of  thi.-*  giwl  "'"'^ 
tnlily  wii»  iiltribnted  to  overcrowding  and  lack  of  venliliitioii.  <""*" 
[Kirison  of  the  murlnlity  of  ibe  army  at  home  with  llmt  of  ibf  If^'l* 
tjtiarlorofl  Ik'fore  Si-bii>'t"iKd  in  18.16  wa*  mneh  in  favor  «f  lln'bnrf- 
The  niteit,  ivckoned  \kv  annum,  ivere  as  follows:  Hefon*  M«''"r'' 
im-lniling  d(«tli  by  violent!  mid  iKxriilent^  ViJt;  sA  lioinc,  17.9  (i"'^"' 
try),  iiimI  20.4  (giuirds). 
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Iii(TC9i.««  in  fipncG  allawanoe  vr&n  stma  foUowiKl  by  a  marked  tWrcdse 
in  ))iithiHii«  niortiility. 

Tents. — 111  tilt'  t'liitod  Stnto  Amiy,  four  kiDtIs  of  IvnU  iirc  ti»<'il: 
1.  Tlu'  I-"!!!!'!!!,  (ir  nio<lili«l  Sildey,  tent.  This  ie*  IH  feet  5  inches  in 
(liniiiptcr  lit  the  l«i«' ;  wiill.  -'1  frft  liij^ll ;  tt|X'X,  10  fed  (niin  tin-  tir«>r ; 
thi-  nivrt  of  the  fl'xir  t><|iiaii'  212  M[uaro  feet ;  the  air  ii]Mico,  !4J>0  ciiltic 
'!VX  ;  iillftwiinM-,  20  inrmitrj'  "r  17  vuvnlry.  The  nrifinnl  Sililey  tMit 
il  B  diameter  nf  18  tWt  iit  tlic  Uuie  mid  wii»  l-'i  fift  \\\^h.  T)k-  !I|h-x 
ptit  off",  thus  tiiviii^;  pltire  tn  n  piroiilar  aiMTtiin.'  whirh,  being  ietl 
nytin  in  fiiir  W(^itl)or.  promoted  vciitilntiun.  In  fi'iil  uitiIIkt,  it  wns 
«)venil.  The  iillowain-e  v>as  die  same.  2.  Common  U'lie,  '*  I "  or 
■hKHliliL-iI  "  A."  Wall,  2  feet  high  ;  luw,  »  IW-r  1  hichiw  l.y  (i  feet  10 
"iDelies  ;  ridge,  R  feet  10  inelies  from  the  ground  ;  H<Mir  h]mh.i-,  o"  wiuaro 
f«K ;  nir  h]iii<i',  2')0  cubic  fi-et ;  nllotvunrtc,  4  monnlti)  or  <>  iiifimtri'. 
Willi  tent.  Wall.  'A  feet  !)  iiiolies  :  Horn-,  9  M|iiiuv  li-et  ;  ritlgv,  8 
t  i!  ini'h<r^  iiliove  the  in'oumi ;  Hour  .■•|>ni'e,  81  Mjuare  fwt ;  air  s|>ace, 
1)  cubic  ftft ;  covered  by  fly  or  falw)  roof.  4.  Shelter  tent.  These 
'are  i.4»iii<l  to  tniojts  tn  the  field,  and  are  nf>t  regarded  as  lent  allowanw, 
bill  are  providii!  in  order  that  mn)  and  ol1i(.'ei'>f  in  bivimiie  while  on 
active  campaign  or  on  tlie  march  with  deficient  means  of  tTun§portation 
may  Ix-  sliclti-i-cd.  One  forms  h  sliclter  ii>r  2  men,  «u'h  of  hIioiii 
carries  his  half,  which  weighs  about  2^  poiindH.  The  pieowt  »n> 
jnincii  tf^tlier  by  buttons  and  put  over  a  ridge  [wle,  which  is  sup- 
portiii  by  upri(iht»  iilKitit  4  feet  biffh.  The  corners  are  fni>tcnv<l  to 
peys  driven  into  the  groiind,  luid  the  iiprighl.t  are  §ioadied  by  guy 
lies.  }lospilal  tent)*  ari'  wall  tciitw  of  n  larger  size ;  they  may  Ik; 
or  open  at  the  ends,  and  several  may  l»e  joined  together  so  as  to 
lalce  A  <-oiitinuou.'<  whr)Ie.  Thoy  are  14X15  with  a  4^-foot  wall; 
ritlgo,  12  foct  from  the  ground. 

The  Kn^lish  army  uses  ihc  ciniilnr,  or  bell.  tent.  Diameter  at  base, 
2  feet  \i  inclii'* ;  walk,  1  foot ;  apex,  10  fi^-l ;  floor  »]«iw,  123  square 
>et ;  air  space,  402  mbie  feet ;  allowance,  12  to  Hi  men,  and  in  war 
8  to  20.  Formerly,  the  veniilatiim  wis  pnietirally  m>,  but  now  it 
been  somewhat  improved.  The  French  army  luses  a  similar  tent, 
ntilalitl  at  the  top.  The  riir  s|iaw  is  10.'>!)  eiibio  feet ;  iillnwiiTiw, 
6  inen.  Tlie  GermaiLs  use  a  conical  tent  like  the  ICnglish  Ik-U  tent, 
Jnineti.T,  under  115  feet ;  nprx,  12  fixjt  from  the  ground ;  Hoor  spiuic, 
0  «qtuire  feet;  air  «|iaoe,  I0-'>0  cubic  feet;  allowanoe,  \h  diod, 
bayiifv  also  small  bivouac  tents  ilesigned  to  shelter  2  or  more  tnen. 
le  diffi'ii-nt  parts  an*  distributed  among  and  earriwl  by  the  men  who 
B  lo  use  tlicm, 

Il  will  Ik>  ohi«crveil  that,  of  the  four  nrmifw  niej)li<)nc(l,  onrs  is  tlie 

nmt  lilx-nd  in  point  of  airspiK-e,  the  minimum  nllowancf  in  the  larger 

il.H  Ix'ing  72J  rnbie  feet,  against  a  maximum  of  41  in   Ibe  English 

rviei.',  UH  in  tin-  Fn'iieli.  and  70  in  the  Genmiii  service. 

Tlic  materia]  of  which  t«'nts  aiv  made  is  in>tton  duck,  which  ha« 

rovwi  to  he  miich  bettor  for  shi-dding  water  than  linen.     Com]uim- 

e)y  little  ventilation  occur)'  tbrongli  \h\»  material   under  the  best 
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nf  rirmmsiaDiM«,  and  none  at  all  whc-n  il  is  tvcl  by  ram,  for  then  il  is 
imjHTviotiq  In  nir.  VMiliUtion  nf  tcnXii  \n  alwny^  defedive,  and  ram- 
monly  tho  almntiphere  IxTomc*  t-xwcflingly  foul.  Sinoo  Ihcrc  w  «■ 
liitio  vein ilul inn,  il  i.*  nwpAxary  tliat  ihe  niilcs  .should  be  kejil  rai*d 
during  tho  duy,  in  onjcr  thiit  tb<>ntn);b  iiirin);,  luxl,  if  [Kw^iblc,  HiaiDing, 
may  o<'t-ur ;  and  at  uiglit,  when  i>racii<ablp,  the  tiiiW  lo  In-ward  tibovM 
bo  vjK-n,  mill  the  (itbor;*,  too,  if  ml  visible 

Dr.  Eilivaixi  ],.  Muuf-on,  V.  S.  ;V.,'  lias  eiifjjp^jilwi  im|tr»vfmtiit>  in 
Itic  rcguliif  tcn1ii)j;i',  and  (•."peotiiUy  in  the  hoxpital  t4>ntci,  forxTNiivio 
our  tropiml  poMcsi^ioii!',  »inoo  tlic  wvvnd  forniK  in  use,  ullhoti^ 
well  adapted  to  nur  oliniatic  eondiiions,  are  intensely  lint  ai»d  H««io 
ibc  bi<;b  t^'iiiiieraturvs  ami  btiniid  iitm(H'pli<-rf  tlist  there  nbljua.  11^ 
pmpofies  enJari^in^  the  tent  Ry  of  tlK>  hospital  tent  2  feet  ill  Im^ 
and  4  In  widih,  uml  ihtil  it  1h>  Ta,wi\  upon  u  light  tiilnc  nAp,  t 
lei't  longer  than  the  true  nd^e  and  projecting;  2  feet  to  lh«  fmnl  soJ 
n-jir.  Further,  hi!  pro|NiM«  ihul  the  eunvtut  forming  the  t*\f  of  thr 
tent  be  ent  out  for  a  »^pacc  2  feet  wide  on  each  side  of  tlie  rid^-  w^ 
miHiinj;  the  entire  length  nf  the  tent,  except  1  foot,  front  anil  i«f. 
the  ntnviis  thus  n-niovi'd  liciiip  r^placeil  by  bwivy  rope  tu-t(inf!  witli* 
2-inch  mesh.  In  ortler  better  to  reflect  the  heat  mys,  tlie  fly  iJiwlJ 
!>«>  uimle  of  white  cnnviMi,  the  tent  itself  Ix-ing  of  dark  ctuivn*.  witbi 
view  to  subduing  the  light  in  the  interior.  An  experimental  Wit. 
nude  under  imlcrs  of  tin-  Siirf;eiin-(.ienenil,  w»«  [lilcbni  within  b  fr* 
feet  of  a  regular  hospital  tent  and  a  regular  <y>ni<^^l  wall  tent,  for  |>ur- 
poses  of  mmpiirJMon.  ThennonK-trir  ohservatinnA  ^lioued  nn  avin^p^ 
differenee  of  7  tlegrccti  in  favor  of  the  improvc<i  tent,  uhich  vtiw  w^ 
le.-w  lluin  4.r>  depi^n-.-  enoh-r,  tvi'xiK  was  ^Jt  degn-es,  uimI  oixe  lO.S 
(leirit-ee  cooler  tliiin  the  repulur  hospital  tent.  Compared  with  'I* 
onnieal  wall  rent,  the  tempenmirc  niiiged  H.-l  to  18. S  d^r«i-»  it**t 
in  ttie  impniviii  teiil,  which  ditl'erenee  "  nicatiy  in  the  lro])ic«  dl  ^ 
diH'erence  between  comfort  and  iliatress  for  tlie  wdl  and  I'lich  TW 
ffini  gretti  tinil  dcprt^wing  heat  ss  would  ilo  inueii  to  bring  .■dxmt  ntW' 
cry  in  the  sick."  The  ex]>erinienljd  tciit  demnnstnites  tluit  no  wl 
Mhiiuld  lie  itv-uiil  for  u*e  in  the  tn)picw  without  llie  pmlcelioii  nfimfcl 
by  H  fly.  Tlie  I'.  H,  A.  ikmrxl  of  Etjuipmcat  jimmptly  sduplfd  '■' 
improved  hospital  tent. 

IV.  MyU»  Stundi«li,  M.  V.  M.,'  first  callecl  atti-nlinn  to  ibe  inin>* 
white  glare  ti>  which  the  iiccii[iani  <if  ihe  hospital  lent  is  siibjccttJ  fr*" 
the  wvering  above  lii."  liwid,  :ind  which  miiM  \k  a  MHiroe  of  a'w' 
iiiitiry  to  ey«;  idn<ady  in  a  patlinlogical  cooditiun.  Ucstwuinj;  fr"" 
geneml  lawi«,  he  r^ommeiids  n  ludc  bine  or  aii  tAvee  green  a."  llir  ^'''^ 
color. 

In  India,  the  Iirili.-h  nue  a  tent  with  a  double  My,  havinyr  w  •" 
epiiixr  ol"  'Hl'i  i'iiIhc  feet  and  uecuninimbting  1 W  Imilthj'  or  J*  nick  iW' 

'  TniuiK  for  Ihnpickl  Serrico,  BoHion  Mnlical  ami  SunHnil  JonnMl,  Nov.  t<L  1"^ 
p.  4S7.  . 

'  tViIiir  ihe  i^ovna  of  Tlefiiiiul  Trtit>.  liiyiicit,  TnuiHidioiw  of  iIm  ,Wodi*>*  • 
MIHiiirv  liiiiKioiiM  uf  tlw  i;iiit«l  Soiw,  WifA. 
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which  pivw  u  fiir  gruikT  jillowjimr  ni"  S|iiioi'  tlmii  In  the  scrvitv  f]!»- 
wlicrc.  For  fiei<l  sen'icp,  tents  "f  liiSU  cubic  fitf  ciiiwicity,  iicc(}raiin>- 
iliitiiii;  II)  Briti^ii  ur  20  iiiitivi-  soliliei-s,  and  j^malicr  aaoa  fit'  ■'1!J2 
cubic  fcft  ciijxicity.  uccunitixxliiting  ^  Bntii<li  i>r  10  native  wildicii', 
nn>  ill  iii^. 

Teiitfi  arc  iirniTijtcd  I)C>1  in  wliort  ;iiiif;lc  Iiiu--«,  (In-  imlividiial  tent* 
bcinj:  diritant  from  cath  other  at  leiwt  mice  and  a  half  llic  tcntN  diam- 
eter :  the  inferi'ul:*  art-  iint  (Ixiil  by  n^iihilimi.  If  [m.i.-ilili-,  the  tent 
should  face  the  Hist,  so  that  when  the  day  is  adviiiieeil,  the  «mtheni 
ivjdl  iriiiy  lie  litlwl  mi  ji>  lo  udriiit  the  ^nn'H  rnVfi  to  the  whole  of  the 
interior.  I'jich  tent  should  Ix-  dile.hc-d  a»  »iMni  at  it  is"  jil:uW  in 
[lonition. 

The  tent  ditch  .■'houlil  Ik-  B  inches  wide  and  4  d«'p,  iind  t^httuKl  con- 
nect with  the  comjiany  ditehcw,  and  tlicsc  in  turn  witli  cjieli  other, 
forming  a  ctiniplete  synh-in  of  Mirfiiee  dniinage.  All  siirfacc  dniinii^ 
fi-om  higher  ground  should  Ix;  prevented  by  beinjj  iiiteree|ited  and 
tuninl  Bsich', 

The  fliMir  of  the  tent  shnnld  never  Iw  loweriil  by  c.vc4iv:il iiiff,  for 
men  should  sleep  above  the  level  of  the  ground,  and  never  1m?1ow  it. 
If  the  ^)il  Ik  not  i|niti.'  ch-iin  and  linn,  it  should  he  dug  out  to  the 
depth  of  about  a  fwit  and  replaced  by  eleim  giiivel  or  sand,  if  sneh  is 
obiaiiiiihle,  and  tlifu  ef)Vprpd  with  lioaKls,  Elovateil  pluifrirmt<  are 
eminently  dewintble,  ami  tent*  not  so  |irovide<l  >^hould  Ite  uiovetl  everj- 
week  to  tlip  ojien  spaeej^  between,  ."o  that  the  sun  may  exert  iln  jiurily- 
ing  inflnenL-e  and,  together  with  fresh  air,  may  |iut  tlie  N-aeated  sites 
again  in  a  condition  (nr  oecujMincy.  The  fliMirs  of  the  tojits  should, 
when  [wisjiible,  be  oivereii  with  Iixise  Iwianls.  if  these  are  obtainable; 
anil  occasionally  the  surlace  of  the  soil  should  be  scra]>ed  anil  replaced 
with  clean  gnivel  or  suiiil.  In  rniilarial  and  vellow  fever  districts, 
nettings  to  exclude  mos(]uitoes,  es|>ecial]y  at  night,  and  individual 
netting  on  light  fninii-work  for  th<r  pnitwtion  of  iho  head,  the  other 
[Mirls  of  the  luxly  being  prolectol  by  clothing,  will  be  found  lo  have 
gresil  influence  in  eheiking  infection, 

HutB. — During  cold  w«ither,  wwhIch  hut*'  arc  much  Ijdter  a<laptL'd 
foi'  occujMition  tiian  t^nls,  and  have  come  into  extensive  use  in  thft 
German,  French,  and  English  iirmiiis,  IhiIIi  in  war  and  in  time  of 
|»faoc.  The  use  of  log  cabins  is  advocated  by  Colonel  Cliarles  Smart, 
M.D.,  TT.  S,  A.,  to  hou.'JH.-  -1  ini'ii  apieif.  The  iiisi<lc  dimensions  given 
are  13  X  7  feet ;  walls,  t!  feet :  ridgi-,  10  ftit  fnmi  ihe  iliH.r  ;  the  door 
to  ojien  in  the  middle  of  one  side  ;  the  chimney  o])[Kif.iie  the  door  out- 
side the  wall ;  the  ii«)f  eijusist*  of  CJinvas  I'l  <  12  feel,  with  a  larger 
fly.  This  is  reganled  as  the  lM?st  siw  and  alhnvanco.  bul  the  ])rehent 
tactics  ivi|uire  scgiuids  of  R,  for  whom,  act-ording  to  WiHslhulI,  •'  thert^ 
shonid  In-  two  huts  8X11  fwt  end  to  einl,  (J  tw't  apart,  with  one  con- 
tinnous  roof  and  door  in  the  adjacent  ends,  but  not  midway.  The 
ehinnioy  slionlil  be  in  the  middle  of  one  long  end.  Two  ]ilatforTns 
iwcli  ai  X  4J  feet,  one  lengthwise  an<i  one  across  the  end,  would  ne- 
commndate  2  men,  t*leoping  wirh  their  iKuds  adjacent.     The  envenil 
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pnrrb  hctwcL-ii  tliv  IiiKk  woiilil  \m'-  d  X^  ffd  in  ibc  c\enr,  the  f4ec])ing 
l»]iitl<>rni  Ik'  n]icii  beneath,  itiid  mxlcr  no  pretence  KiluHild  Iwo-t4nri«J 
biiiilt?-  1«'  iilldwi-d."  On  (ljiiiii>  silpf,  the  walls  shuuld  U-  RiUcO  a  fdoi 
fniiii  tlio  aiirliiw ;  bill  in»  <Ir\'  -■•■■il,  llicv  iiiiiy  In-  built  ilinvtiv  on  tbt 
f^.iHid  li'vi-1,  liic  Hi)il  well  pouiuled  down,  covCTwi  with  nod  and 
gravil.  1111(1  iiciin'n't»il. 

The  fltxir  of  the  lints  niif^  from  the  )n''>n[i4l  w  nuide  \taH  of  cplil  or 
dn-^Hil  li'p«.  Till'  winvafi  Mof  uml  fly  are  atlaclknl  in  siieb  n  wav  ilat 
tliiv  ni!i_v  rwiilily  lit-  removdl  when  it  i^  ilwirwl  to  admit  llii-  ^iinin 
till-  iiit<'ri*ir.  I'dnahli'  huts  may  Ix!  furni-ihcd,  Imving;  frames  of  <n»>i 
or  imii.  Tin-  (iiTiiiiin  lmt»  an-  inmie  witli  wixxk-n  or  iron  franio 
enverwl  Milh  I'elt  and  tinod  with  e!iii\'a*%  They  are  eapily  ^'cnCiiiLtt)! 
and  uiiriiif<I.  Tin:  Kri'itch  hniA  aii'  nuide  eirctiL-ir  it)  :tlui|H- ;  tli''  nib 
an;  iif  bi':inl'  with  i^hi>-t<  wind'iws.  Thi-y  aiv  ■flfiily  ventiliitiil  »wl 
heal«-d.  The  hntii  should  l»e  nt  lea^ft  10  fed  ajart  at  tlie  cud.',  und 
tin-  intersjiriw!*  slmtiid  be  niri-fHUy  protedul  fnim  i>>tlltit!oR. 

Water  Supply. — It  poes  witlioiit  saying,  that  one  of  the  first  oMwwi- 
cratjim.i  in  the  e-itubliHlitncnt  nf  »  ix'rtnnnent  viim\\  i.i  nn  atl<'(jiule  Aip' 
jlly  wf  putiible  water,  wliiih  Kiibjwt  ii?  prtj^nlix!  clsewbere.  It  \*<vs- 
tomarj-  to  allow  at  len.it  A  galhms  [xr  cii|)iiii  ]>er  dii-ni  for  all  parj»>*s 
iiiii)  ii#  niiiuh  mow  tu<  i»  ])nietiail)lf.  Wiiter-cUiw^i?  aitd  bnlh*  ninirc, 
naturally,  a  ven*  generous  allowance.  Hospitals  re()uirv  niorh  mow 
I»r  onjHta  than  Immu-kw,  For  iiors<-.-<,  fnun  5  to  10  gnlionH  |)Milii* 
are  required.  In  general,  it  may  be  said  that  the  mure  gencnij^  \ii' 
Mi()|ily,  ihe  f^rmter  the  gi-ncral  elennlim-s«  and  eflicienc-y. 

In  temfKimriF'  cumps,  the  supply,  both  as  to  (jtialiiy  and  ^iiaiitiP.  li 
det^-ruini(Hl  by  mitiirnl  eondilions,  aiid  must  be  taken  a»  it  i*  (•moA. 
If  purifiwition  of  that  inteiidetJ  for  drinking  apiKfirx  to  Ix'  ikiv*^. 
the  melliixU  mentioui'd  in  Ihe  consideration  of  tlie  snhJciH  nf  vslrf 
»nppliei<  may  Ik-  ndoptt^l  nwording  to  iivuilability.  Tlie  «implrtt  «» 
boding  and  the  applicntimi  of  nUim,  with  subsequent  filtration,  irptMi* 
ble,  tliriiugh  siuul  held  in  suitable  recepiaeleii  such  ax  half  larn'b*''' 
perfonitions  through  their  bottoms.  The  vo-eulk^d  "  iueel>ani«l  8'' 
ters,"  so  iiineh  used  in  the  purification  of  public  water  supjili'*,  ■" 
more  eilieicnt  anil  oimvenicnl.  Exprrtenee  lias  shown  lliat.  ii"  wM- 
ter  how  ui'gent  the  nereHsity  for  care  in  the  avoidants  of  |i.illmi'm '* 
water,  it  is  always  ditlleuU  t<i  pn-vent  some  of  the  men  from  m-kltf*" 
ness  in  drinking.  The  operation  of  publication  should  In-  in  tin  i""" 
mediate  ehaip-  of  w  uoni'oniniisstonitl  ollicer,  properly  iustruclrtl  ■■"" 
willi  11  -nitable  detail. 

Sewerage.— The  iiitriKhirtion  of  an  abundant  water  sup^ily  ■<<  * 
c!(tiip  is,  of  comse,  followdl  by  more  or  l(»s  lavixh  tise  nf  water  '"t 
all  geneml  ]nir|Kises,  and  thi-*  u«'cessitatt's  a  systetii  of  sewrtiip''  "'J 
ciirrying  ofl'  lii|iiid  »viLsie  and  humtin  exori-ta.  Camp  wewi-rs  ji""''' 
be  eonstnietcii  in  a  propir  maiuicr  of  bricks  or  dniin-pi|ie.«n«J  iii'*"ff 
of  wood.  The  raetliiMl  of  final  dis)insal  of  the  wwagp  at  ibr'ni""" 
will  <le[)cud  upon  individual  eirfuinstauoc».  All  ])cmiMiciU' u""!* 
ehotdd  t»e  properly  sewered. 
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In  case  of  outbreaks  of  typlioiil  fever,  cholem,  or  other  ()iit<n0wi 
of  till'  !*am<!  general  class,  the  excreia  !>houl(I  be  disiiifeeteJ  Iwfore 
being  iitberwUt'  di*[)u»«l  uf.  In  iinny  pmcticc,  cblin'i<]i'  of  lime 
4  jH.!"  cftnt.  and  carbolic  acid  5  ]>er  cent,  are  coniinonlv  used,  with 
weaker  solntiuii  oi'  wirboHi^  add  and  ournwive  wibliniaut  1  :  1000  ftir 
wiwhinp  floors  and  articlex  of  furniture  or  fwr  Bouking  soilwl  clotlic^. 
Milk  of  liuiii  irt  highly  ti»  in-  rpcomincndi'd  for  excreta,  as  is  also  for- 
nialdfbyde  solution,  if'  it  can  be  obtained.  The  Manual  f>.'r  flie  .\Kii- 
ifal  [VpartiiiiMit  .-ays  on  this  iwint :  "  Sulphate  of  iron  and  other  cheap 
auti«eptit«  and  <leiLHloniiit»  may  Ik-  u.-itnl  wbcu  iieci'wary.  Bui  lln' 
newsnitv  for  their  use  is  a  reproach  upon  tlie  Hinitar)'  poli<*  lif  a 
poKt,  and  »b<)u1<l  oidy  1h-  rt^iguinKl  under  ejcc^ptionnl  i'Ir('iimMnn<-<!<, 
The  alvine  discbar^s  of  bcfdthy  pet^uus  do  not  require  dininfection. 
and  wliiii  jirojxTly  disposttl  of,  do  not  re»[uin'  treatment  with  any 
chemical  ap-nl  wbat^^'ver.  If  watfr-eli'd-tj*  ur  earth -clu^ets  are  otVen- 
sive,  this  is  due  to  faulty  oonstruetion,  to  insiitSeient  supply  of  water 
or  dry  «irlli,  i^r  to  nijilect  of  ordinary  ekunlinc^-'.  The  lUlvnipt  to 
H'tnedy  such  defects  by  the  f^'stematic  use  of  antiae|)tieH  is  expensive 
and  uiiKiilifiiiittory  in  itK  result:'.  The  niuio  I.ti  Inii;  of  fold  drains,  bad 
smeUing  urinals,  aceiiniulations  of  garbajje,  etc.  The  proper  remedy 
for  siich  <!onditions  Is  eleiinliiu's^  and  slHi-t  sanitary  police." 

Wheu  there  is  mi«on  to  believe  that  Irifc-tious  diwawes  aiv  present 
in  camps,  the  iatrini-s  and  ci«<spools  should  l>e  dLsinfiicted  with  milk 
of  lime  to  the  c.itcnt  of  one-twerilicth  of  iheir  iionk-ntis,  to  which  j^lmidd 
Im-  aildiil  every  day  an  anii^uiit  oqual  to  at  least  a  tenth  of  th<;  daily 
lulditiiin  of  excrement.  l1oF-|>tlul  ^cwap-  is  dimgerou?)  enough  to 
warrant  treatment  on  the  spt)t  with  disinfiHitants. 

In  the  idtwnee  of  u  n^ular  .syi<.toni  of  jeireragi-,  Sternberg  R-ci^im- 
niendeei  cylindrical  galvanized  iron  vessels  IS  inches  in  depth  and 
dinmetcr.  with  a  trough  around  tin-  upi>e-r  end  3  in<-h(L.i  dw|i,  fdhnl 
with  disitifei^tant.  Into  this,  the  cover  (its,  and  thus  serves  as  a  valve 
and  pi*veute  the  escape  of  foul  odors  and  the  eiilKineit  of  flies.  A 
weiind  iiiver  with  a  hole  serve."  as  n  s«it.  Tlie  rewpliicle  is  to  be 
partly  filled  with  csirbolic  sohltion  or  the  contents  are  to  he  treated 
with  eau.it.ic  linie,  or  aslK-s,  or  dry  wirth.  These  vessels  shoulil  be 
removed  at  regular  times,  and  clean  ones  should  be  substituiitl  while 
they  an-  removed,  emptied,  and  eleanwl. 

Sinks  and  Latrines. — A  sink,  in  military  parlance,  is  a  m.>s»[K)o1  or 
privy  vault  in  a  tcmpoi-arj-  earn]* ;  usually,  a  innch  from  twelve  to 
lifhvn  fn't  in  length,  about  two  feet  in  widlh  and  eight  in  ilepth,  witJi 
the  eiu'tli,  which  has  Ijeen  thrown  up,  piled  along  one  side.  The  retiui- 
sile  iiiinilKT  should  Ih-  dug  Iteforo  n  inimp  is  otvupicd  or  as  ijiiieKly 
thereafter  as  pcissible.  They  should  l»c  placed  to  leeward,  or  in  wtch 
position  that  the  prevailing  winds  shall  not  convoy  tlie  odor  therefrom 
over  the  company  arcaf,  and  they  should  never  he  pliiis.-tl  near  enisling 
wells.  They  should  not  be  placed  anv  farther  away  from  the  men's 
i|Uftrt<>n'  than  in  altsohiteJy  nwwwsary.  For  eonvenieiM*  of  use,  a  strong 
pole  is  laid  borizoDtally  on  upright  forki^  at  the  proper  boight  and  on 
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the  i;ide  oppoKitc  the  exi-nvntnl  Mrtli.  The  UUor,  kvpt  »»  drr  u 
[M>.-u<i1ilc,  is  ihrown  hack  rach  liav  over  the  deposited  excreta,  ofti* 
witli  uiii^lir  linii',  chloriiiiiti'il  linu-,  or  ai<h(». 

Ilrhriitj; '  i-ec<iiiinicndK,  in  ca»e  of  tK>«-rt(^ity,  rrom  5  tn  7,-')  YtUsntt 
inilli  lit'  liim-  fnr  <sii-li  'IhO  men;  Pliilil'  advif-e*  400  cc.  pw  aiw. 
Tlip  uililitioti  of  diWinute<l  lime  [)iw»4.>»;««  a  doiiblu  aihiintagi-,  ntrnlt 
not  rtiily  iiotn  as  a  liiwnfwiaiit,  tint  iilso  serves  to  drive  way  flift-,  wliicli 
othiTwisc  collect  and  niav  becoiiic  nciivi-  ngciitti  in  the  cprtwl  nf  infec- 
tious cILseosc. 

SiiiiiU  sinlot  for  cneh  <s)in|niity  nn<  r\'^rded  tn^  much  lK-tti;r  on  ^venl 
accounts  than  one  or  more  laiye  nncjf  I'or  eaeli  regiment.  Tlicj*  nlKrn) 
gn-iih-r  ]>rivnry  when  enclo»io*I  with  brushwood,  anil  an-  ift-iu-ndk  Utirf 
lookt^^  after,  sinw  the  re>iM>n:'il>iiit_v  ibr  tlieir  cure  w  nion-  (Mailely 
fixed.  Wlieii  filled  to  witiiiii  two  l«rt  of  the  surface,  the  Touuiiiin; 
uirtl)  4i(>nl(l  lie  thrown  in  uml  rounded  over,  the  lile  miirked.  umLii 
the  ^ame  time,  new  trenches  |>repflri*d.  On  brrjtkiiig  esuiip,  nil  •iiib> 
liiiwevor  little  used,  .-honhl  1m>  tilliil  np  iind  miirki-tl. 

When  the  jjrobnble  »tay  is  to  be  m<ire  than  of  n  few  daye'  dnnHion, 
the  hnri/onliil  ]>iiU-s  an'  ciiniinoniy  n'plm^nl  by  l>ox  mmt^,  "I'm  >l  tU 
biirk.  In  winter,  llic  treiiclK*  libould  be  cfunpletcly  oivcml  liy  U>t 
«-.ii.-  Willi  covers  ;  hiiifiiii);  of  the  top  or  n«r  side  will  hf.  neeessinp'  fa 
the  jirojuT  throwiiifj  in  of  the  excnvatwl  etirth. 

The  W(»rd  latrine  ta  cnnimonly  used  as  synonymous  with  tint.  Ili 
ppoiRTly  defined  a»  "a  privy  or  w«tei--clo*ft,  os[KviaIly  in  irou^  fn™ 
aeeiminnxliitin);  sevenil  at  the  same  time."'  A  further  dcBeri|'li'>ii  f' 
a  liitrine  U  elsj-whcn'  friveii  (sii-  jitifji'  lilii).  IjAtriitns  iin-  niiw  mit- 
monly  instnlleil  in  bamicks  or  [n-nuanent  cump«i,  Tlie^'  rtiiuire  ft^ 
(pH-Tit  lliHhin)r,  if  eonnected  willi  n  system  of  sewerajie,  ami  fn^m^i 
einptyinii  and  cieitiiKiitjr,  if  nut  wt  euiineclul.  The  ifi-nU  aix!  C"*^ 
should  U>  kipt  ihontughly  eleun  by  periwIkMl  washing;  twice  J«il» '" 
Btroiit;ly  n-cn.rn mended. 

Urinals  ajmrt  from  sinks  and  Intriues  are  installeil  in  )x4h  jxniiii' 
nent  inxl  dinponiry  i-nmin*,  and  in  JMith  it  !.■•  <r«M-utiid  that  Ihi^'lir''' 
easy  aceess,  and  their  use  eoni|M?lled  on  a<MX)uut  nf  (he  nuisiiMV  ari>i>C 
fnun  iiidi.-criiiiiiiali' voidiiij;  of  urine  on  the  jiroiind  and  "f  tii-' I*"*"' 
bilily  of  Uie  diK>eminution  of  lyplmid  fever  by  die  iiriiif  of  amlilill' 
toiy  cases  of  tliat  disease  and  of  cnnvaleseents  therefrom.  In  iiiolrcMl 
wrtlWr  and  at  ni(ilif,  all  pni-l.-'  "f  a  camp,  and  i-sjurially  the  cmpiV 
arees.  are  liable  to  nrinaiT  eoutamiiiation,  which  r^hould  l)e  prfvptl*" 
n.-«  fnr  ii.-  possilile  by  Blriniicnl  riili-s  mid  constant  \igiiitni'<'. 

Inspections. — I'nder  tlie  Army  He}.'Titation>,  an  annual  iu'iK-ctiwi "' 
the  buildingH  at  everj-  ]»ost  in  made  by  the  coninmndin)*  offiirf  •"• 
tpiartermaster  on  tJie  firwt  day  of  Msiwh,  iind  inmii-dialely  art«'r*>™ 
B  re[H»rt  is  stibraitletl  pivinj;  a  <te«Tiplion  and  showing  the  oondi"'* 
and  <iiiK»i'ily  of  encU  building,  niid  llic  ehnraeter  ami  extent  ef  WJ" 
additions,  altenitioii^,  and   rejxiir*.      Siiiiitur}'  iiifiHvtions  arv  miTf  f"^ 
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qwnt  Mild  more  wiirohiiiir  in  charaoKr.  Tli«  eiii^pon  is  ivqiiirnl  In  ex- 
amine, at  It-ast  once  :i  nxiiuli,  imi!  tn  note,  iti  (lie  intHliwiI  luston-dl' (In? 
p<jft,  ihtt  saiiitarv  condition  ot'  all  [iiililio  hiiiWiiigii,  ilie  clrauijij;i-,  sew- 
erage, ammiDt  nml  <^imlity  of  w'ater  Ktipply,  clnthiDg  aitil  tlii:'  linbits  cif 
till-  tiii'ii,  and  oliaracler  and  cookiiij;  of  the  f<io<l,  and  imnH'<lialeIy  nfier 
eiieli  exiiitiiiuUion  to  rc|)iirt  tlicreou  in  writinj^  U>  llic  coiiniLiiKliii^ 
olliwr,  with  aiioli  re<;omiuendatinna  as  he  niav  deem  jn'i>j)er.  Sii|>cr- 
ficiiil  in*pw;tii>ii  is  not  iTtini^h,  for  ovtTvlhiiifr  may  luok  dmu  exler- 
nally  and  yet  the  general  condition  may  lie  luul. 

Tht-  (find  it  ii  It  I  of  ilii-  air  is  of  much  mtm-  impiirtanoe  durinjr  the 
sleeping  hoiirf^  timn  (luritift  the  diiy  ;  theivfure,  vcniiUitioii  ^llollll^  he 
liiviKtitpilM  at  night.  Walls  ami  flu'ii-s  i^hoiiKl  In-  wii-ffidly  examiiiMl, 
esjH-eiiilly  if  they  iinp  miidc- of  porous  niatenui.  Wailc  liiiind  to  Ik- 
con  laminated  with  organic  tilth  should  be  (terajwd  and  then  thoroughly 
whitewashed.  The  flimrs,  whether  of  lMiniu'-k,<,  h-nt.',  or  lnils«,  shniihl 
be  seniptdoilfly  elean  and  dry  ;  the  iHtlding  should  lie  free  rroni  dam)>- 
ncs*  :  ihi-  r-jKii'i-  chjlhirif;  and  the  men  ihemw'lves  and  llieir  ehithinj^  in 
use  should  be  ckitn.  The  site  and  innnctltnte  snrrwiiidinp'  of  even- 
|M'nnanent  or  Iem|»oniry  stnutuii'  ■ihould  Uo  ejtamim^  with  |iarticular 
riferfnee  lo  the  dnilnape  and  general  condition  of  the  *oil. 

Sanitaiy  Police. — Kxii'clingly  strict  s!iniiar\'  policing  is  neceasaty  to 
kwp  a  camp  in  a  beiilthv  condition.  The  rc^iMinsihililv  for  cMnidiliim 
restii  with  the  commiiiiding  officer,  but  is  shared  in  by  the  eonipnny 
ofhcers,  who  nnist  look  alter  their  i[naTler«  nnd  men.  Uiuter  the  fille 
of  "  officer  of  ihe  day."  comjHiny  cummandeivi  ser\"e  in  mm,  each  for  a 
day,  in  cluirp-  of  p-ncral  siuiitulion,  and  each  r«  i'e.'*[Kin;iible  to  his  coiii- 
manding  ollleer  for  the  order  and  cleanliness  of  the  camj)  on  the  day 
of  his  nervice. 

It  has  Ixfii  dcnioni'tratcil  repeatedly  that  nntraint^d  or  inexperienced 
aoldiers  cannot  be  de|iendfd  n|Kin  for  ihorongh  cleaning  or  keeping 
Uiingx  ciciin,  for  they  do  not  know  how  to  take  can.-  of  themselves, 
because  at  home  they  are  looki'd  after  by  others  ;  and  nnienft  sanitjirv 
police  Ix!  veiy  striot,  a  clejin  and  I'verywav  pood  niitnml  site  mnv 
i|niek!y  he  (-".mtarainatetl  and  made  tinheiilthy,  I'ntit  discipline  is  well 
established,  the  enforcement  of  proper  :<initi»ry  reputations  is  i-KtrcmcIy 
dillit-nll,  lor  while  ihcy  msiy  be  most  carefully  fornndattxl,  the  neces- 
sarv  onJers  are  diffi<-ult  of  enforeenienl.  Kven  with  the  utmost  iviiv 
and  vigihinne,  contnminiition  of  the  cite  is  only  a  question  of  time,  but 
the  more  efficient  the  nj-atem,  the  longer  is  that  time  deferred.  A  camp 
in  which  no  attention  is  [Kiiil  to  <-1eii]dim>w<  of  the  coni|Kioy  strect.s  nnd 
to  h.'hits  of  perMinal  elcanlineris  is  sure  to  lie  an  unhealthy  one,  and 
men  who  will  [lermit  such  conditions  to  obtain  are  airamonly  bad 
soldiciM  in  vVfiy  sense  rif  the  won.1,  with  no  r/ijiril  lie  rtirpK,  slovenlv  iti 
all  their  hnbitf',  conspifiuou.-ly  attentive  to  sick  call,  and  with  no  respect 
for  themselves  or  their  sujicnoi's. 

In  snch  a  «unp.  the  dLVclopment  of  epidemics  of  infectious  diseuseA, 
[Mirtienlarly  typhoid  fever,  is  only  a  ipiestiim  of  time,  since  it  needfl 
only  the  intnMlnetion   of  the  siJeciBc  germ  and  favorable  op[tortunitie» 
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for  ita  flit^emiDalion.  Since  this  diecase  is  cnlvmic  in  alt  pari*  nf  ibv 
tiKintn*,  it  IK  tint  Ktntii^^-  ttiiit  niiiuii^  larpt  ntifiilH-.n*  of  rui>u  bmuglir  iu 
fn)in  <)iflerent  t|Uiirtcr>i  tlivrt-  f^IiouUI  be  uiu;  ur  mure  varriun  »('  lU- 
itiri^lion.  Ill  uiiy  n\mp  of  wliatcvcr  dc^p'ee  of  i>fficieticy  iu  etinitaijr 
piiliw.  iiiik-.s«  such  niF>«>  an.-  n-<-nif;iiiwii  iit  muie  iiikI  tln*ir  fxi-n-(ii  oun- 
[il<^l4-lv  cliF^iDlt.'etl^<J  ur  ollienv !.■•(•  (liripuht-d  uf,  hu  that  Do  daiigrr  ^lull]  tr 
)itiN.'>iljli.r  tlK-MVoiii,  till-  .■•iu*  it*  likfly  to  tnwoiiic  pdllutfd  niiil  tlx'  Ixictili 
to  Ih.'  dihtributctl  tlinjiij^h  tliv  u»tial  ngi-ticice. 

Oiu-  of  the  lirwt  ft^ii-iiiiitb  of  timiulaining'  <-WiiliiM!H»  in  ramgi  e  p:ul 
eurfiwi-  drainaj^.  If  the  »oil  is  dunip,  Hiv  i-iU'  soon  bt'comi'>  mi  i-iiikiii* 
nf  iiiu<l.  owing  to  the  nmwtaut  ini|>re«i  of  hundreds  of  ftt-t.  Mm!  f^^tx 
in  llie  i-iHiJU'i-viitinii  of  reftiJ^e  mid  fdlh  wliiHi  it  <;nvclu(»»  and  incib, 
ami  honot-  art-icti  the  ii4M;(v^iiy  for  eflicieiit  aud  thorough  di telling.  bkI 
for  filling  ii|i  depn'A'iioiM  likc-lv  to  rcuiiii  Mirfaiv  wntiT.  TIm'  uaul 
putlnvay-i  and  t^idewalkti  should  W  tiiado  ai^  dry  iis  po^ihlc  hy  ihc  i|i|ili- 
Kilioii  of  giiivf),  and  l>y  midi  other  iiH'thotU  im  iin.'  u|))>li(idil('  nxwi 
iudividnnl  cum-. 

All  n-fiiftp  ofwhatftoever  kind  should  Itc  pre\-eiu«l  from  aocumalaiiw 
within  the  lini-s  ;  everytliitin  i^lioiihl  W  [iromplly  rwnovnl  nud  di«|)ii*o 
of,  if  ]>ol^>^ihle,  hv  hiirniu];.  Kitchen  rcfusr  should  be  de]lkl^iI<d  in 
covoix-d  i\-»^-|itaolf^,  whic'h  ^lioidd  Ik-  <nirritnl  nway  Iwii-e  iJiiily.  (to  W 
oeeuunt  ehuuld  it  he  leA  exposed  ou  the  }:n>utid  or  vUi'where,  iMUn'lMl 
onlv  dfH-*  it  (k]iei.<lily  develo|i  the  well-known  nnii!«<)ti.a  oilor  <i(  "will. 
una  thus  hceonie  a  nui^iuee,  l>nt  it  iif  an  nltnietion  for  tliv^,  Trlu(ii.t? 
their  invextigiition  of  all  sort."  of  filth,  inchidiug  llw  fiecal  di.«elalfiwio 
the  Miik^,  and  iheii  of  the  soldi<.'i>'  fiKid  both  In  the  kid'heu  iiihI  hI  okA 
have  iipiin  aud  a^aiu  ]>roved  theuiseU'cc  tu  be  hir^jciy  ncfixai-iblc  f<* 
the  fjirmd  of  ejudeinie  diiietu-M^,  iuh  >vi)]  hi*  explained  niorv  in  ttMoil  <«>* 
hiter  |Kige. 

The  fiual  dispowitiini  of  kilehen  refiw  is  ol'im  a  pn-blrni  frtinpnl 
with  HerioiiK  ditti<-ulti<?<.  When  |iOK<ihle,  it  t<hmiUI  Ix'  biiniol  ia  •dKiif 
the  uiimomufi  fornix  of  incinerutois  deviM^tl  for  the  |itirfK<!<-;  iHiimiw 
ficcoiitit  shoidil  it  In*  t>)>ri,iid  fuit  in  the  vieiitity  uf  the  n|>|ianiUtf  tui^> 
If  it  l)e  advi^dde  to  bury  any  jiart  of  it,  at  whalever  tli*Wi>* 
bi'low  the  snrtme  il  U  (le)MiHited,  it  shoidd  l>o  welt  eoveJXti  witbekw 
earth.  The  dei-per  it  i»  buried,  the  long^-r  will  il  n?.i.*l  wanpktt 
deeoai|KiMitinQ. 

Stable  nmunre  ^^hoitld  he  i>-niovc<l  even'  day  awl  dejMK<il<->)  iH  a  .'»'''' 
ciont  diiitanci-  and  in  Mieh  a  loealiuu  im  to  i»t:nre  that  il  fhidl  mn  ki 
nuiHan<-e  or  a  sniin-i-  of  dHUjrer  lo  the  water  §n|iply.  Iniiinilm-lil"* 
hanidciM  rofiise  should  be  reumveil  out  of  sight,  and  lioi  U-  »ll'i«'*l  '* 
secunudate,  for  anythiu);  prnniotinj;  unlidiue>«  of  appoiranrv  lanw* 
uildiiioiml  iinttdiii(^«i  by  itn  cxnnijde. 

Consideriiij;  the  many  details  uf  eamp  ]H}lkv  aud  the  iiWHwity '"' 
eor>|H>nition  ou  the  jtsirl  of  i-very  man,  it  i^  not  siraugr  ttiat,  iu  '"^ 
vnir  with  .Spain,  Iho  ha>ly  gaiheriu);  t»ijrcli)er  of  hiive  bt«lio'  of  i'"' 
disciplined  troo]w  frt>m  all  [Kiric  of  tlie  countn-  into  liu;g«  iinprpii"*" 
cauijis,  Inrgvly  under  tlie  eiuiln.I  of  iiK-X[K-rii>iie<.^  ofliocra  both  I'l* ''"■ 
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iiue  and  lUfdicsil  servict',  wiis  tiill^wwl  very  quickly  by  tht'  otitbreuk  of 
('[)iil('iiii<-  dim'a.'ww,  which  carriwl  itff  lai^  niimiier!*  of  nii-ii  whu,  In  a 
oertuiu  (l(frr(.'L-,  wen-  victiriii>  nf  llu-ir  iiwii  airclwwDi'.sj.  It  in  rotated, 
for  pxaniple,  that  a  certain  riiKimcnt  of  volunteers,  eiicamjtiiig  nearly 
MiU'  hy  sitk-  willi  luu-  <■('  n^inljii'?',  was  invaded  tn  iiii  cxtninriliiiary 
detfive  by  typhoid  fever,  whilr  the  rufjiiliire  were  practically  fi-ee  from 
<iifc:i»c.  One  "f  ibc  medical  officers  iDfunm^l  lh<-  aiiilioi"  tliiit  inosl  of 
these  men  were  w)  dirty,  lazy,  ignorant,  intctnpt'ratc,  and  iainiontl,  tliiit 
iiotliin);  nhorl  of  an  extensive  epidemic  among  them  conlJ  have  l>cen 
cxi)«:t«l,  and  whb  0X|H'i'ltHl  from  the  Blart.  TIh'V  siw  wunc  a<rlivc 
.-(•rvice,  antl  "ere  eonfipiciious  for  jjcnei'sd  incfilcieiicv  and  lack  of  diwi- 
pline.  Their  niiikw  wi-ri-  iwlniiil  very  larg«-!y  by  di.-otiM-,  and  thi; 
caHUalties  were  pnicticjdly  nothing.  The  Mn-vivors  returntd  to  ci\il 
life  and  were  w<-li'onn>d  an  beiiiM;  those  whu  [n-rinbi'd  in  iijnw.iinen(i? 
of  their  own  and  their  eoninidc*'  revolting  biil)il«  of  lilc  iitv  cnrolk-d 
willi  tliortc  who  sncnfii-cd  their  lives  iu  defence  nf  their  counlry's 
honor. 

The  necessity  of  constant  supervision  and  >•(  enforcement  of  tUwi- 
pliiie  liiiK  been  well  iset  fortli  by  John  S.  Wi.-j-,'  who  wiys :  "  To  a|)))n^ 
ciate  fully  the  tnith  that  men  are  but  children  of  a  lur^jcr  gnnvih,  one 
nuinl  have  coiMmaiidct)  MiUIitTK.  Without  constant  ^iiitbiict-  and 
govemincnt  and  pimislmicnt,  they  Ijccunie  cart'Ioes  iilM>nt  clothes,  food, 
aninnmition,  clcaidines,-,  and  even  jx-rsonal  Siift-ty.  They  will  at  once 
«it  or  throw  away  the  ration*  fnrnishiil  for  several  day>,  never  con- 
Nidcrinn  the  morrow.  Tlicy  will  <'a.-<t  usido  or  give  aw«y  their  dotliing 
becaifc  toiluy  \>-  warm,  never  calcnlatin^'  that  tomorrow  tliey  may  be 
^ufl'ering  for  the  lack  of  it.  Tliej-  will  o|M'n  their  csirtridgt-  Ihixck  and 
dnmp  their  ntrtridge?^  on  the  roadside  to  lighten  tbeir  load,  nlthout^h  a 
ii'W  hours  later  their  lives  may  depend  njMjn  having  a  full  .inpply. 
When  they  di^iw  their  jmy,  thiir  first  object  i»  lo  find  w>iMe  way  to  get 
rid  of  it  Uf  ipiickly  as  possible.  An  officer,  to  l»e  really  eflicioni,  must 
n<kl  to  the  iinalilii'*  of  i.''innig('  iiikI  firmruw,  tho^e  of  nnixr,  monitor, 
and  purveyor  for  Kn>wn-u]>  children,  in  whom  the  bumps  of  improvi- 
dence and  destruciivciie^-s  aii-  abnonrially  devclopcil." 

.V  striking  and  intere>iting  object-lesson  in  omip  sanitation  is  given 
by  ('olonel  Cliarles  R,  (Irecnhaf,  M.  i).,  Mcnlioid  In.»(>i'clor,  l.!.  S.  A.* 
Two  «Miip»  locjitc^l  Very  near  together,  nearly  eipml  in  the  nunit>er  of 
men  contained  (abotit  Ili, (100),  and  with  the  sjimo  conditions  of  climate, 
.■*oil,  water  snp[)lv,  and  food,  fhi>wed  very  diU'crcnt  reci-nl*  of  morbid- 
ity atid  iii'irlality.      In  one,  "  the  men  wci-e  sconrgwl  with  sickne^  and 

dciilb,  and  large  nundK'rH  of  tlu-ni  wen-  jmtuij ntiy  invaliili'd  ;  hxid 

cpi<lcinics  brvumc  general,  and  soon  the  entire  camp  was  eo  thoroughly 
infected  tbat  it  was  of  ncce;<'4ity  almndoncil."  I  n  the  ntber.  "  bnl  littlp 
fliekncss  (the  iienentage  never  excwdiiig  live  and  a  half  nf  the  figgre- 
gate  strength),  few  deaths,  and  a  few  cases  |>ermam;ntly  invalided; 

'  Tht  Knd  of  mi  Km.  It-Klon.  \m\  ji.  .147. 

'  An  llbirri  l.i'>»iii  iii  ^tiUturv  Saiiiuiiuii,  Uuirtun  Mwlicul  aiid  >4urui(tkl  Juuiiiul, 
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li>cul  ppitk-niio!  of  oontugioii!'  *\\»aw,  «luc  to  inijHirtation,"  wnv  qiiiriilr 
(Hintnillid,  nnd  never  extended  lieyoDcl  the  respective  ci>intuundi>  whii^ 
bnnijjht  Uicni,  nordid  u  Kinglo  iniM'of  irifwlJotM  diitntw  original  iu  tat 
vamy. 

The  difK-rviico  in  the  Ih^IiIi  mndilinnH  of  the  two  mmj)^  vtuA  dw  lo 
the  fuci  tliat  in  one,  "  the  advi^x;  of  sunitariuiit;  wai^  M-ldoni  xitked,  uA 
when  \\»\iv<!i  \a\n  not  followed,  and  nearly  evary  law  of  liraltli  fv 
<>[ther  igiiorwi  or  violutc-d/'  while  in  the  other,  "the  ndviw  of  ani- 
tarians  was  frt^-ly  wnij^lii,  aere|>ted,  and  carrieii  out,  no  pains  l*iu? 
s[i!iitil  to  jK-ciirc,  iu<  fiir  ii*  [Vis'^ihlf,  cuniiilianiv  with  I  he  law»  of  hwllh.' 
The  Iwnetits  of  sanitation  were  reoognuwd  hy  l»«h  officers  aixl  ton, 
nod  the  tulvitv  of  its  tcHchen*  woii  cnrriod  out  hy  nil  m  tJie  fulUt 
extent. 

The  following  sanitary  regulations,  jiuhli-^ht-d  for  the  gox'emitt;  <f 
cetlniii  imxlel  i-nmi)i«  e'^'tidjlir^hitl  in  the  Prefidio  Elewr\-ution,  mw  f'' 
five  rf^uieiita  of  volunteers  returnii^  from  tlie  Philippioe  hlawls 
one  fur  four  reginieiil.*  of  otit-gi>ing  volunt^Tiw,  or  alHWil  ft2(H)  oit, 
and  one  for  about  200t)  reeniits  for  the  repnlar  refrimentt-  ainwlr  in 
the  I'hilipgiino.i,  are  eomminminttHi  hy  I>r.  ( iiycnhaf.  {"  In  plannin; 
the«i'  riinipE  the  priiiuiry  objects  wen-  to  remove  the  kitchens  iu  fii* 
possible  from  the  latrines,  to  [inivirlc  a  safe  method  for  tlie  ili^pMl 
of  excreta,  giirlmi^-,  <1c.,  to  MTciire  niMns  for  (he  (icrsoual  clmnliiKw 
of  the  men,  to  heat  their  ijiiarters,  and  to  supply  ihem  willi  »  iIob- 
dunei-  'if  g<jo<l  TiuhI  imd  water.") 

"The  commanding  officer  of  the  troopB  oecupying  the  «»m[i*  *if 
detail  t*rom  hii  ti<intiiuoil  two  sanitary  ins|>eetors;  one  fnnu  iW  li»^ 
preferably  a  major  of  the  repinicnt,  and  tlie  other  a  itgimental  nwdiol 
officer,  wboi«e  ihiily  duly  it  shall  be  to  jointly  inspect  ibe  nyinwnt,  iii* 
quiring  tntu  the  penend  imlice  of  the  ei>nipany  qnjirters  and  xirr^-t*.  ll« 
kltehen.",  ihe  foo«l,  its  prei>iuiitif>n,  quality  and  n)e(ho<!  of  sen'ing,  ll"" 
hitrinew,  uHnulif  and  siweni,  and  making  to  the  n-ginieiilal  (■munuBd* 
a  brief  report  of  any  unsanitarj'  cimditions  tJiev  may  diswu'W,  ite 
rejwrt  to  In-  forwnntcd  the  sjuih- day  to  the  medical  in«]>cetor  rf  I* 
army  at  department  btiidquiirtei-s. 

"One  medical  otboi-r  and  om-  hospital  stewanl  from  each  Tpfrtt 
will  Ih?  roqnired  to  l>o  present  for  duty  with  the  regiment  at  all  l'"** 
of  the  (by  and  night. 

"  A  daily  Mck  call  will  be  hold,  ami  (.light  t-a.-ies  of  illm-ss  Xnfiuih* 
qnarters  or  in  the  regimental  hospilnV-  provided  for  that  ptirp*'. '*' 
Jill  nirii  who  nil-  lil«ly  to  ri'iiiiiin  sicJt  moiv  tliaii  ihrei*  «lny^  "'1'  " 
promptly  sent  to  the  General  II<»spital  at  the  Presidio  of  Htn  Yvsf 
cipco. 

"  If  any  case  of  infentioiis  disease  iiccnry,  the  fact  will  In-  prnajpiy 
re(w>rte<l  to  the  eami>  snrgiini,  who  i.*i  aiithoriuHl  to  make  proper  ilfc^I^ 
«ition  for  it*t  isolation  nnd  care. 

"  An  ambulance  fnlly  ei]nip]*cd  with  a  team  will  be  assigMd  U>  ft* 
«imp  by  (he  eonuimnding  oiliecr  of  tlw  Presidio.  ThisiunWaiw*" 
report  daily  to  the  eamji  surgeon  at  sick  call,  remaining  in  da'  ""''' 
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during  (iw  tby,  subject  to  his  nrfers.  UntJer  no  circumatanoes  will 
t!ii!t  iiiiittiiliini'c  \x  UMxJ  for  any  otJior  [iiiriKwc  ihaii  tlic  IrnnsiMinatioii 
of  (he  sick,  or  medimi  supiilit*.  Tlio  (■oiiimundin^;  oRiwr  of  lliw 
I'n'siflio  will  aUo  <-a\iM-  another  iinilnilitiK'c  to  W  siiil  to  lh(-  iiinip  f<ir 
(*r\'iw  at  night  linif.  This  unibtiliintx^  will  i\-iiiiiin  on  duty  fiMiii  n- 
Uwit  to  reveille  for  ui^ht  eniergi'DfTi'  «crvitx',  Wben  the  night  ambii- 
lanci>  rGp<.>rt!t  for  duty,  the  (biy  uiiibtilniKH.-  will  \k  rvlivvttt  nnd  rfttiriUMl 

rthe  post." 
"C'oiiii«iny  (•ommtindon*  will  cniition  their  mcu  iifiainst  MjKisiirw  to 
tlie  topw  and  liijth  winds  tlint  prevail  here,  espwiiUly  iu  ilie  I'lirly 
moniiiij;  mid  cwiiing,  nt  which  tinu^  nvorcuitH  will  Ix.-  worn.  Hiding 
(>n  tb»  'dummy'  uf  the  street  cars,  especially  at  Qishi,  is  pnrticiilnrly 
hii»ir(lons  to  men  recently  rt^tnrnol  fnmi  wrvin-  in  tlie  tnipi«H,  Giunxl 
duly  nnd  other  luilitnry  fuuetions  niniired  at  these  b<>iir>'  will  In-  held 
in  overeoatfl,  and  at  breakfaj't  and  wipjK'r  the  stoves  in  the  diniufr-rooiu* 
will  I»e  provided  with  fxrv*.  The  ude,  by  eiviliiui.-<,  of  fixjd  ur  dniik 
within  the  tiniit*i  of  the  nunp  will  l>o  forbidden. 

I"  At  rctrc«i,  urine  tiiK-,  two  to  <weh  <«impnny,  will  In-  plm-i'*!  In  emh 
l>mp!iiiy  street,  and  men  defirinp  to  nrin:itc  at  any  liiiie  during  tlio 
Ighl  will  bt-  riH|uin'd  to  use  them.  The  tuliw  will  be  removed  from 
jc  e<>in)inny  »trwt  at  reveille  to  u  plaee  convenietit  fur  tJie  eravengt-rs, 
Im  u-ilt  remove,  clean  and  place  lime  in  them  for  use  tlie  usxt 
Eght. 
"The  quartennaster's  department  will  be  refjuired  to  pmvide  an 
nnijile  forei-  i>f  Aeavenprs  lo  ilcjin  the  latrin<T«  and  urinal  ti^oujihs  at 
lemtt  ontv  daily,  and  tu  retUl  the  tronghf  with  milk  uf  lime  ;  lliey  will 
iilm>  ranove  all  kitchen  garlwge,  and  either  cremate  it  or  disjxjse  of  it 
in  Miu-h  pinei-  tw  the  ([uurtennaslcr  .'■ball  dirotrt.  F*ikrtlenliir  nitx-  will  l>e 
rnjoinecl  ou  eumjMiiiy  eouks  to  keep  greiisc  tmpf  elenn,  ami  t">  de]Kisit 
all  -"'lid  g:irlia)^  iu  eans  prepnrc^I  for  tliat  pur{ioMr  iu  time  for  itit  ro> 
jMival  by  the  (Hnvengent. 

Ip  "llie  (juartermaster'n  dejiartment  will  furnish  to  en  eh  regiment  nil 
■mple  "iipiily  of  nt-eeiwary  jMjlieing  impK-nient*,  U*  enable  the  men  to 
tboroughly  and  efl'eetivcly  |>oliee  the  eniup  daily," 

Tlii---e  n'^ulnlicmn,  I>r.  (irtr-nbiif  iv[xirls,  were  promptly  ejirn*il  out 
by  offiwTfi  uikI  men,  iin<l,  in  i-])ite  of  the  fact  that  nearly  every  in>dy  of 
men  broiiglit  Mme  form  of  iufeetioun  di^iu'^e,  inehidinfr  typhoid  fevex, 
ln>i>i<-al  dyiKiiterj-,  diphtheria,  fniall[)r>x,  mesisles,  and  nmniii!-,  not  u 
"iiinle  ease  of  any  infections  disease  nrifiinttted  in  the  cnnips,  all  of  the 
ini|>i>rl"l  eii!«-i  iM-inj;  prom]it!y  ''enii^il<-d  fnim  the  coiiinmn<l.  all  in- 
fw-'tcd  niiitertnl  disinfected  or  de.Hiroyed,  and  all  men  who  luul  \vx\X 
RXiMicied  L'lolated  and  i|naninlin<-(]. 

Ill  all  thi-^e  aimpK,  the  latrines  and  luilh-hoiiscs  were  plui.'cd  on  tlie 
Itaiik'  awl  rrar;  the  kitelieus  and  iiiess  ball.-,  iu  the  eentml  Hiiw.  In 
the  rear  ^f  tTieh  mv^  hall,  a  /ine-liticl  wash  tniiiirh,  Mipplied  with  a 
<]iixeii  bib  cocks,  wa."  plnet>ii  to  be  u.sed  as  a  lavatory  ;  near  the  door  of 
nu'li  kiteheti  wiu  a  grt-aHi-  trap  eiuineel^vl  with  tlie  wewer,  and  pnti^'O" 
IfixMl  euns  for  garbage  und  luhos  were  placet!  on  the  purdi.     I^rge 
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caldntiiK  for  heating;  wator  far  laundry  and  fitlirr  ])ur|>i«ivfi  vrvrr  swl  uji 
in  tTiiiv«>iii('iit  |iliiix4.  Two  galvaiiia^l  w]u<l>-ii)l>?f  were  liiruixlin)  In 
rarh  cDiniiaiiv,  aiwl  "iiiglil  soil  tubs  wore  [iladtl  in  i-wn'  wminiir 
^ti'<'<.-l  tit  'Utlioo'  I'm-  till'  iix' 111' llif  men  ihii'in^  (lio  iii^iit,  a  wiiiiii'l 
iK-iiie  ]io?it«l  in  tliL'  irtrcct  to  i-iv  tluit  llif  nrdcre  riv'r*''"k:  '1"^''  '"* 
wvrc  ciiiTiwIoiit."  Tile  eonfttnurtiim  ol'  latriiic.-i  iiinl  (lif>[i<K<al  uri-xiTru 
wore  curriwl  out  nwonlinK  l*>  tin*  rwmnmpiidiitions  ot'  ii  UhuI  of 
ninlical  offici'ifi,  ctHisi.tfiiigof  Majnr  Ki-cd,  U.  8.  A.,  niid  Majors  Vhu^Ud 
iirid  Sliuki'siMJirv,  U.  S.  V.,  iij*  (i>lli>«>: 

"A  tmiigli  made  «f  No.  22  jpilvaiiizwl  iron,  fotirtwii  Iwl  lijiii!. 
tn'ciily-t%v(i  iiirlu^  uiih'  iit  the  lop,  jmmlhilk'  i»  fT>m>'  Ht'tion,  nmi  witii 
u  maximum  (k-]>tli  of  eiKliUvii  tnclic;^,  if  &et  m  a  ligbt  wooiliii  fnuu- 
work,  which  s^•l■v<■.n  as  a  ]inittTtivi-  i-niti-  in  tmn!«i>"r(iiii<>ii.  irivr---^tt(»- 
port  to  tliv  ti'Dii^^h  wtiiU'  in  {lOhiiiiiu,  iind  h-tvck  for  tlx'  aittidiniiiitit' 
a  lid  in  two  8(H^ionR,  fiirnif^Iietl  with  sevwi  si-at  hoh-n.  Th(;*c  biJi^sir 
(•luijK^I  mo  (lit  to  n^nik-r  siii))i)}f  of  tht^'  will  dittic-ull.  uiul  a  Kliuitiiij;  ix«pl 
one  fiMd  wide,  pemianpiitly  tixwl  at  a  [u'oiier  allele  alK)\-e  llit-  mil,  pn- 
vriitH  tho  men  fiiim  (ri'itiiif;  ii|i  on  it  with  thuir  itt-l.  WIm'u  iii  jHBilio. 
oni.-  <'iid  of  th<-  ti-oii(i:h  in  niixtl  four  inehes  higher  tliau  iW-  i>ilrt- 
The  triiiiyii  in  (iboi'd  in  an  oniinarv  fnime  privy  hotUf.  At  ihi'  B|^f 
<.iid  of  llie  tron^li  (livre  \»  placed  a  f^lriinizetl  iron  gutter  of  fWfft 
Iieijfht  and  ineliimtion  Imding  into  th*^  trough  to  xurw  nt*  a  urinil. 

'■  Til.-  i-nii-  Milf  of  thi-  nutter  or  that  attachul  lo  tlie  wnll  of  ihi-  IwiU- 
injf  i»  liiglier  than  the  firmt  side,  to  prcvciit  noiliiig  iW  buildin);.  TW 
trough  is  prejMin-d  for  thi?  rctvpliou  of  (WiwI  nuiltiM-  hy  filliii);  it  »il* 
water  until  a  certain  level,  ludieuted  by  a  line  on  the  ii»idcoriW 
troi));]),  U  reiu'lidL  A  mciUHint-  lor  tlu-  purixute,  and  hohling  vne^x*^ 
of  a  Iwirrel,  ^  now  filled  with  i[uiel<liiiie  and  emptied  into  lbi'Wf»trt: 
WHiie  dry  liini-  should  alwo  !>!■  ]>lait-d  in  the  urinal.  The  liiiic  in  'l* 
ti»u(,'li  ic  thoronjjhiy  (^tirnil  with  a  wihmIcii  |Mtd(]lv.  Tlii"  slirrinf  i» 
n'jieiilwl  Ihive  times  every  day.  The  wooilen  padille  when  iwt  in  n* 
Miindf  in  »  juiil  AlUtl  with  milk  of  lim«.  Toilet  |Ki|H'r  in  jirovidi'df' 
the  men's  ni^e  in  the  hitriiics,  because  large  piwve  of  new>pijxt  »'!i 
flout  on  the  water  holding  nuisAci^  of  twcal  matter  al>ove  the  fttd^- 
thuHcxpo^ini;  it  to  tlic  flic*  and  other  inscvts. 

"Once  a  itay  (he  oontonts  of  th('?«e  troughfl  are  punt|>iHl  out  inH'W 
o<Iorlc»*  cx«ivnt"r.  wirtwl  awny  mid  i)roi)eriy  dii-jniMil  of,  Tlie  oiili 
of  lime  destroys  the  typhoid  Imeilluw,  and  the  conlentii  of  llir  inw^^ 
if  pi-otK-rly  nintl  for,  will  he  ipiile  inniNniouf.  Not  only  Ia  iIh'  milt 
of  lime  and  fipcal  matter  lunociious,  but  it«  value  vtB  a  fertiUof  U  «*• 
sidendile." 

It  niiiy  be  stat«<l,  however,  that  i1icm>  oxcellput  n<«ulli'  in  swiHT 
jNiliee  were  not  brought  a)>out  witliout  oiit^-Ide  assiilnuiv,  ftf  it  •** 
found  advi.'^ihle  to  en)pli>y  n  eorp!«  of  eivitiiin  ricwveiipTv  coii^iij-liiii;'* 
2  over^-ers,  2i  night  scavengei-s,  54  day  ocaveiigere,  and  t"  trtUi"**'^ 
with  .')  oHorlew  cxeavxling  carts,  fJ  Minitiiry  enn',  and  \i  dial  ejrt* 
Hy  nKqii)^  of  tide  ontsiile  forcv.  the  ramp  was  kept  thornii^ddy  I'lw"- 
»n<)  tlie  excreta  wera  promptly  removed  and  di(<|MiM.>4t  of.     IV  binv 
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troughs  were  emptied  twice  in  twenty-four  houre,  and  garbage  and  all 
maoiier  of  waste  material  were  removed  twice  daily.  The  tent  floors, 
kitchens,  mean  halls,  and  company  streets  were  swept  daily  by  the 
soldiers  themselves,  and  one  man  from  each  company  did  duty  eiicli  day 
in  the  company  latrine  to  keep  it  clean  and  stir  the  lime  solution  fre- 
quently. 

The  Diaeaaea  of  the  Soldier. 

While  there  arc  no  diseases  peculiar  to  the  soldier,  there  are  many  to 
which  the  circumstances  and  conditions  incident  to  camp  life  render 
him  conspicuously  susceptible.  These  are  mainly  of  the  preventable 
class,  and  may  be  lai^ly  checked  by  pro{ier  regard  to  the  principles  of 
camp  sanitation,  by  avoidance  of  polluted  water,  improper  cooking, 
overcrowding,  and  overwork,  and,  in  some  d^ree,  by  the  inculcation 
of  the  principles  of  moral  living. 

It  is  difficult  or  imjmssihle  to  determine  how  soldiers  compare  with 
civilians  in  the  amount  of  sickness  which  they  stifl'cr,  since  we  have  no 
statistics  of  geueral  morbidity,  especially  of  corresixmding  age  jKriods, 
of  the  civil  population ;  and  even  were  such  available,  it  woidd  be 
necessary  to  bear  in  mind  that  the  soldier  is  often  on  the  sick  list  with 
ailments  which,  in  civil  life,  would  neither  deter  him  from  attending  to 
hiii  daily  work  nor  cause  him  to  go  to  the  added  ex]>ense  of  medical 
advice.  The  soldier  has  absolutely  free  medical  attendance  and  care, 
and  of  this  he  freely  avails  himself,  excepting,  with  many,  in  case  of 
venereal  troubles. 

Concerning  the  constitution  of  tlie  medical  coqis,  the  hospital  accom- 
modations, and  general  administration,  all  of  which  are  fixed  by  law 
and  regulation,  no  descrij3tion  or  discussion  is  necessary ;  and  a  brief 
coDsidemtion  of  the  prevalence  and  predispasing  causes  of  the  chief 
dbieascs  of  armies  is  all  that  lies  >vithin  the  scope  of  this  work. 

It  is  a  well-known  fact  that  in  both  war  and  peace  the  greatest  mor- 
tality among  soldiers  is  from  disease,  and  not  from  violence,  the  single 
exception  which  history  reconis  being  afforded  by  the  German  army  in 
the  war  of  1870  with  France.  In  our  war  with  Mexico,  acconling  to 
WoodhuU,  935  of  the  regular  force  were  killed  or  die<l  of  winmds,  and 
4714  died  of  disease  in  the  field.  In  the  Civil  War,  !li>,18;t  whiten 
Rnd  3417  negroes  were  killed  or  died  of  wounds,  an<l  171,I^0(J 
whites  and  29,963  negroes  died  of  di-fease.  In  our  war  with  Siwiin 
and  troubles  in  the  Philippines,  during  the  year  from  May  1,  1S9)S,  to 
April  30,  1899,  according  to  the  report  of  the  Sui^Hi-General,  !I68 
men  were  killed  or  died  of  wounds,  injuries,  and  accidents,  and  .">4;t8 
die<l  of  disease.  Typhoid  fever  was  responsible  for  more  than  half  the 
dcath.1  fn»m  disease;  next  in  order  (.imw  malaria,  followed  by  pneu- 
monia, yellow  fever,  and  smallpox. 

TnlierCTllosiB. — In  the  lai^'  stautliiig  arrnies  of  the  world,  tulierou- 
lo«B  has  long  played  a  leading  jKirt,  due  largely,  as  has  bceu  pointed 
out,  to  overcrowding  and  deficient  v<'nti!ation,  and  to  the  enlistment  of 
men  in  whom  the  disease   is  latent  lH.'fure  entrance  and  (levcln|>ed  by 
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chflDgvH  in  haliita  of  life,  climnte,  utc.  Ym,  according  lo  Colin,'  In- 
KpcK'I'ir'Gf-ni.-ral  of  HygHiu*  tn  the  I'lvnch  Aniiy,  itukiiy  jviviiKi  wiili 
Intent  tubci'cuIiiFiie  noi  »n\y  witbittuml  th<-  ImixlHliiji^  of  inilitarr  x-nitr 
woll,  lull  ovoii  b«T<niw  strimgi^r  and  jp-utrallv  lirnllliicr.  Aon>nliiigw 
u  >>tut*-iiR-nt  liy  >Snrj;*.iii>-(n'iirnil  Schjoniiiijj  iit  \\u-  Tiil»tnnili*U  Ciiii- 
(TTi'nH  in  Itorlil]  (ISSIM),  a  tk'ci<le<l  tUicniui^  in  liilM-n-uliiT'Lt  lins  Imii 
olworv^-d  ill  ihc  Ocniitin  uniiv,  wliiU-  in  inlicr  nnniiv  un  iiu-ruuu-  rnmi 
vfiir  to  yeiir  in  Uht^  uf  men  fmni  tliib  uiufrc  may  Ih>  liHiknl  fnr  u 
a  iwrininly,  (i^iwcinlly  U'1)i>ii  laip^  in<■rl1l.■^■.H  in  niliKtitn-nt  iiitvK>itnir 
llic  iiK'liihion  uf  tiwiny  nol  fil  for  wri'iw.  OiliiiV  ftati-ticiii  of  lowi 
to  tlio  Fn-iH-li  anny  are  eomibonitive  of  S'lijiTiiin^'n  >tjH<^'iiH'm,  r^ 
ciully  tliiwe  for  \\\k  y<nr  )S9o,  vrlivn  a  \arffK  im-raiisv  of  tlie  nrniv, 
necpssitnlin^  a  retUiction  in  tlie  ()iiality  d<'iiianil«l,  wa.-*  folliiuixl  liy» 
nioiii  iimrk<.-tl  iiit'Miiw  in  yiiirly  liwu*.     Tin-  lij;urc!>.  follow : 
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Id  the  Knjirlitih  Hprvi«?e,  ])litlii)'iH  is  the  chief  caiiw  of  mortality  w 
invaliding,  iIr-  iniiui.tl  I">i«  «vonij;i»|»  i^niia-wliul  hvlnw  />  ptf  1""" 
anny  rtreiipth.  In  ihi'  French  senioe,  die  dibcaw  etandf  w^'iiJ  W 
ty|>li'>I<l  ft-vcr. 

In  iiniiic^,  as  ill  ^lenil  life,  tuberculuKiri  liniU  llic  inciter  niwlii' 
of  its  victims  among  tliosc  wlio  aiv  most  eonlinwl.  ami  is  more  fm^w" 
in  the  pnrriw>ni«  nf  large  ii<wn)^  tlinn  nnionp  tiiiii|"!'  in  the  Iws  ilwU| 
spltktl  [Kirts.  The  mowt  careful  [irri|iliylaxis  i.i  dciuaoiii-d  t"  I'n-nnl 
it»  >|iivn(I,  and  (lie  i<kiil  nK-iuxm-s  wntdil  iik-IikIi'  (he  diM'tmr^  «r  w 
pcrwins  eapeildc  uf  acting  ai*  foci  ol'  tlic  diK'iii^c. 

Typhoid  Fever. — Tyjihoid  fever  if<  \'ery  |iron)in<-iit  iiw  »  Kwwp'. 
efipcciiilly  in  lime  of  wnr.  «hcti  large  b<Kiie«  of  raw  ami  «ii<li:«'ilitiiw 
tniii)iH  an-  brought  toyethfr  in  campA  of  instruction.  Ainoii^  W^ 
lnxlii-8  of  men  drswn  rnmi  ditlVfcnt  |»irt*  of  a  eniiiitn-  in  «iiii'li  * 
dlsitise  U  veay  generally  diftrilmteii,  it  is  almoi-l  inevitabl'-  d* 
llicre  will  lie  ifomc  who  will  introdiiM'  the  >|H<irifie  germ.  The  inB- 
viihial  soldier,  owiii);  to  age  ami  tlie  ubniiit  ejiungut  in  the  iialiin"" 
lii^  siirniiuidiii)^  nn<l  gem-ral  habits  of  life,  is  very  suMri'ti''''  '" 
infections  in  pcnenil,  Stiitistie."  <lrm<insliiitp  that  tlie  waHund  rty"'*'' 
sullVr*  iinirh  less  fiinii  disiiisc,  in  (>nij»oriion  tn  numbers,  ihaii  dii'  i"" 
disci  pi  ine«l  volunteer  and  niw  iiTritit.     11iii<  is  due  lo  tlie  liu't  tisi » 
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has  become  accustomed  to  ibe  mode  of  life,  and,  through  tmmiiig,  has 
kniTKtl  lictK-r  how  ut  tiiki!  «in^  of  him-«elf  id  all  ui^iuirtjiiciitii  of 
]K!isoii!il  liyjiicne.  Great  (Tart-  is  ntcessarj'  to  teolutv  «ijs<»  iwt  wkjq  iw 
rii'iniiizHl,  ami  to  treat  excreta  so  tliat  their  final  disposal  shall  not  be 
a  iiit'iiaec  to  th(i  sifi-ty  of  i)thi-r»t. 

Of  the  highest  importance  is  the  prevention  of  access  of  flies  to  the 
(li*i;liarni'.s  f()r,  a*  iin-"  iK-cri  s1aU'<I  (.'Isi^whcri;,  ihcsi;  pcjits  luivi;  iM'eri 
resiKHisiljle  for  the  tipreud  of  lliis  and  otiier  disease*  by  cod  tarn  intitin*!; 
thir  fond  supply  after  visiting  the  sinks.  Also  of  thi;  hight»I  iiiiiKii-- 
tance  is  the  avoidance  of  a  polluted  water  supply  ;  Iwiling  of  water 
rtimfrniiig  wliicli  nothing  is  known  should  always  1m-  done  as  a  matter 
of  routine  precaution,  and  the  attention  of  the  men  .'■hoiild  U-  <lniwn 
t<t  tht:  dangf'r  whieh  they  ineiir  in  the  indiseriininate  drinking  uf 
wilier  whieh  hiui  not  bcou  tliiii»  ln.Htwl  or  jiliowii  by  eomju'ti-nt 
authority  not  to  require  it.  In  general,  it  may  lie  stated  that,  without 
i-ltieiriit  wiiiitjiry  [wliw,  typhoid  ii-ver  among  trin>ps  is  iilwiiys  lo  In; 
ex[>ccted. 

The  origin  anil  spn'iid  of  typhoid  fi>vcr  in  onr  army  during  the 
S|»ini^h  War  (lf*Stli)  were  investigated  bv  a  board  consisting  of  Dr. 
Walter  Reed,  U.  S.  A.,  and  Drs.  V.  C.  Vanghan  and  E.  ().  Shake- 
ji[>care,  U,  S.  V.,  who  rcporte<l  ihiit  more  than  00  |kt  ecnt,  of  the  vol- 
unteer regiments  develojKrd  the  disease  within  eight  weeivs  of  going 
into  wtMip.  In  eertiiiu  rcgiuieiitrt  "f  regnlai-s,  llie  distii.Hr  <levclo[;M.'d 
within  three  to  Hve  weeks.  Among  the  whole  boily  of  troops  there 
wore  no  less  than  20,000  eases  Ix-tween  May  and  SeptenilnT.  The 
causes  included  polluted  water  and  dissemination  of  fa«d  matter  l)y 
tlic--.  In  some  <!iise.->,  <uitn|>s  wen.i  si-t  nji  despite  the  protests  of  the 
niedicid  oftieens  agaiur't  the  unlituess  of  the  sites  selected. 

Frttventive  inoculation  against  tliis  disease,  although  in  it«  infancy, 
has  given  sufliciciitly  eneoiiniging  rewilts  to  warrant  trial  on  a  laiye 
scale.  The  great  majority  of  English  troops  sent  to  war  in  South 
Afriwi  wei-e  -<"  trejiti.'d,  and  It  i^  ex[Kft<^il  thiil  valuable  statistics  eon- 
oerning  the  efficacy  of  the  treatment  will  Ix-  forthcoming. 

Dysentery. — In  the  South  and  in  our  new  tropical  possessions, 
dvfieuter^-  is  one  of  the  mitst  important  camp  diseases;  in  &ct,  it  is 
saitl  that,  within  the  trnpies,  dysentciy  anunally  elainis  far  more 
vielinis  tliiiu  Asiatic  eholeni.  Once  Intrwiucetl.  like  typhoid  fever,  it 
is  likely  to  become  epidemic.  Prophylactic  niejisurcs  adoptinl  are  ihe 
Mimc. 

Malaria. — The  various  forms  of  malarial  diseases  are  always  a  curse 
to  arniies,  c^[Mi'iaIIy  those  ojienitiitg  in  hut  elirniites.  Though  liie 
death  roll  from  malaria  may  uot  Ik-  grctit,  sickness  anti  consequent 
invaliding  ai-e  eouunouly  I'liornums  in  amouni,  and  an  army  stricken 
wilh  malaria  is  an  army  unfit  for  flchl  ojx'rations.  The  infection  weak- 
ens the  natural  ]»ower  of  resistance  to  otlier  infections,  and  is  said  to 
piXtlisjMist-  the  victim  iwjiwially  to  iiifw-timi  by  typlmid  fever,  and  to 
txert  a  jiarticnlarly  pernicious  influence  on  tho«?  who  have  aln-ady 
avqnirt^^l  or  snlmequeutly  aiijulrt'  venen^ail  diseases. 
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Since  the  vanfimuitioi)  of  tho  discovery  n(  Ibo  important  jiift 
pUiyiHJ  by  mu«(|iiiUKvt  in  tlio  di)^H.-iiii[inti(>ii  of  thv  maluriiil  pniwin, 
tlie  neoei*itv  nt'  tho  iiho  of  iicttiu);  againM  tbete  \M"b-U  hiw  Iwcii  iwj* 
i'l«irly  (Ifinimslnitdl,  Tin-  pn'V<'iitivc  niunKuni'  nguiiivt  nuiliinit  Binit 
in    the   avuidnnci',  if  pofi^ilile,  of  <iitos   iimr  vrhioh    lite  mmlitiotip  an 

lilVornllli!  to  tile  ]ill(]i)l(*-lll>H')liil|r  tIKIMitlitiK'.S  iIh'  IIVniillllKX'  iif  tllllim^ 

Hin'  Kuiii^  ulwiit  during  tlic  liours  wfaeti  moMjuitoce  are  uuitt  m-iiviv 
preventidii  ol'  atve«s  of  mn)M|uiiiK!s  to  tin?  i«kf]iinfr  tjunrloT^,  ninJ  tl» 
syi^ciniitic  ii»i'  uf  pnipliyliivtic  cIom-h  of  ipiinine  inornii^  amt  iii^. 
Whirfkey  is  not  needed  as  an  adjiivnnt,  iiud  is  inon-  likely  t"  hf 
iiri  iiijiii-y  timii  an  nid.  Hot  twi  and  coflVi-  are  nioiv  higlilv  r^ 
giird<.Hl. 

Bfea&les. — In  nil  new  lovit?*  of  tnMijiM,  tni«Klo«  \*  a  wrinuti  \m^\' 
Dieiit  t«  ctVi'-ii'ticv,  for,  unov  iiitiXKluccd,  tlic  tliiiaiiie  spnnds  rajwlf 
llirciiijrli  ilic  fuinp,  t-siieciftlly  if  tJie  troops  an-  lai'p-ly  fmrn  \\\f  eomm, 
where  tlicy  luivt-  («cai)f«I  tlii'  diPKUSoe  of  cliildlimxl  wliich  nivaj.i'  l!« 
piijmlalion  iif  cilice  and  large  towns.  The  im|iorlanct-  of  ilic  iliia* 
aitjuins,  atTonliiif'  to  ntfiil  i'vidt-iMx-,  to  Ix-  likely  to  bi-  untk-rml'il  I9 
cotnniandinj;  olliHrrs, 

Diarrhceal  Diseases  in  General. — ni-'':iiiH-  of  ih<-  Ii-smt  ivsii^ianw 
to  sjHi'ifii-  iiifirlli>i)'-,  ivliiiji  jipju'iirs  I0  aivoiiipany  even  mild  ii. ml  it  inn* 
of  liiarrhii'a,  it  is  t-SM'ntiid  to  titkc  such  iiiiitMiivs  hihI  itniwitioite  »>'*>* 
fHH^silile  to  prewnt  them.  Anioii);  thr  pniinitii'iit  <'«H¥<.-s  nijiy  lie  nwii- 
lioncil  tk«  (i-ie  of  im]ii'0))erly  oiMikwl,  indi^^-Mtihle  fmnl,  and  (-liilliDK 
of  the  Itodv,  imrliciilaHv  al  iii^rht  while  ^Itx-ping  on  the  finiiiwi,  tVrii 
Hltlioiigh  scjwmtitl  from  ininiediale  eontart  [herewith  hy  ruhlirr  lil*ii* 
ki'tn.  The  ]ireveMtion  of  the  firttt  <-jins>-  nii'ds  lianlly  Xtt  Iw  poiiHi^ 
nut ;  for  the  pre%'pntioD  of  the  ^wond,  llie  hnbitiuil  n^  of  li)*bt  IIrmiii^ 
pinnontK  or  alHloiniiial  l)uudit  Ls  riToiii mended. 

Sunstroke. — This  con«o<iuencp  of  t-xtrenu-  Iw-al  or  ovcr-cxerli""  m 
hitrli  li-nijuniliiivs  is  very  likely  to  be  induei>(l  In-  imj>rudt'un-  in  ll* 
matter  of  wiitt-r  wipply,  and  by  poiitinniiiiJ<  work  wilhoiil  iM-rioi"  m 
rwl  and  reprimlion.  Aecordinp:  to  Dr.  Hniart,  U.  S.  A.,'  "IflW 
allowaiitM.'  of  water  i^  stninty,  it  niii.->1,  ncv^rllich'ss,  \»  usm]  at  R^ub 
intervals,  but  eeonomieally,  lest  it  give  <iiit.  Then-  i*  muniH^ll;*'"* 
daiifp^T  of  a  fidmiiiaiil  stnike  with  a  stintwl  hut  stwaly  supply  il* 
with  fidl  alh)waneo  fur  a  piven  time  folluwwl  by  n  ]K-rio<l  ■)f  enfortw 
Hl)Stinonee.  On  the  other  hand,  if  the  snpply  U  liberal,  it  miij"  I*™* 
(ttd;::c<d  in  tni-ly  and  with  a<lvantng^^'  when  the  fkin  i"  aiiiiic  ""'■ 
Hi>  n-laies  that,  dru'ing  a  serx-lee  of  four  years  in  the  liot  eliuial'"'' 
Arizona,  with  eonnuands  of  varyinj;  si/c,  making  bmg  inart'lie*,  ""''' 
on  scant  allowaiiee  of  water,  he  niw  siitisiroke  on  but  one  ooaution.  ^^" 
in  this  in»t«ner,  the  niU-  to  use  the  ennti-en  in  tlio  rarly  pnrt  nf  "* 
mureh  with  Miutiou,  a<^  if  no  nn>re  wjidd  U-  had  until  arrival  in  """I'" 
was  not  followetl.  It  was  the  rule,  when  a  supply  pn-si'nii^t  iiseU  i* 
the  line  of  mareh,  to  ii-h-  it  frwly,  and  then,  on  prooti-itinj;,  lo  u*  "'^ 
rdilled  cautoeuii  with  the  wime  caution  a«  before.  A  canteen  of  "■> 
■  PliiUdeliiliin  Mnlival  Jouniul,  JaiHiDt?  19,  tWl,  p.  ItO. 
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not  necessarily  strong,  containing  a  little  lemon  juice,  lime  juice,  or 
vinegar,  is  more  desirable  when  obtainable  than  plain  water. 

Venereal  Diseases. — These  are  resimnsible  for  a  very  lai^  amount 
of  sickness  in  all  armies,  and  their  prevention  has  been  the  subject  of 
much  consideration  by  military  nuthonties  everywhere  ;  but  the  reme- 
dies nfraitist  the  prevailing  high  figures  of  morbidity,  namely,  scientific 
and  practical  control  of  prostitution,  find  always  and  everj'wbere  active 
op[wsition  on  the  part  of  the  public. 


CHA1>TEK    X. 
IVAL  .\ND   MARINE  liYOIENE. 

The  cumIiti<■D)^  of  life  at  r^va  iti  relatiuii  ti>  hwilili  niv  v^^ry  dil^nt 
in  iniiiiy  iX5*iX'<!'t.-«  fmm  vIkisp  ^vhieli  obtain  iiHlmre.  The  emfBrtii; 
num.  wlicri-VLT  In-  pxw,  tr■lv«'l^  in  liii  lutbitiitiitii.  in  wliiHi,  tipocwarilr, 
III"  "Imiv  of  i-iibic  H|NK!e  in  fur  Ics.h  in  ainonnl  ituin  tluit  ivliidi  thu  prn- 
ciplcs  uf  gi'ncnil  hygiene  Hti|m)iiU'  n.-  ii  j)initi>-'«il>U'  niiuiiniim  lor  lb>* 
aiJtore.  Ilia  air-sup)>ly  while  at  work  an  aiid  ubuv'c  the  dwk  u  vTiW 
grvntv^t  known  [nirity,  nml  u'liite  Wlnw  in  liis  »il4>r[>iii(;  qiuirters  it  i< 
likely  to  Ik-  nt  tinicti!  nmitU-nibly  fiinl,  nml  iiiiiIlt  upfiiul  i^'twiilion^ ntD 
with  ilic-  Ik-t"!  <it'<«n;  and  ajtplianwn,  is  uHnally  not  in  con!"i>nniiy  with 
the  );cMcrall_v  Ufci'|)twl  ^ttuicliirrl.  Hit^  work  i-xiJwci*  him  to  tJir  ii*"!' 
ships  of  tlie  most  inclement  weather,  to  exttvraea  of  licat  in  thv  fUMr- 
hoUls  (if  v{-ji(ii'l»  pr<>]H-lh-<l  l>y  Kttwni,  to  Ionp-!*U!*taini?<i  muscular  (ffirt 
at  ni-iti<:al  periiids ;  and  involvrs  ^hort  liouns  for  eWp,  and  thwo  tui  in 
one  f'liDMfiitive  wlioU*,  hut  dividwl  liy  inti-rvcning  ptTiixIn  nf  tlntr.  Hi' 
fnml  supply  for  the  entire  jxTiod  fmai  ]H>rt  lo  port  must  tMrlraiMpciripl 
with  him,  nm»t  iKt'cJiAanly  |hihho»r  keeping  qualities),  and  beiicc  mu- 
iast»  lar^ly  of  pnt^urve^l  in^tind  of  fresh  ni«it«.  and  dried  and  aunnd 
vcjietiiblfs  innlt-iid  i)f  those  frisb  from  the  GcItU. 

In  the  miitler  of  kit^-htlis.,  wHikinj;  np]il!ane«i>,  Hn4l  fuel,  heUcirouin- 
atanced  more  fortunately  tliaii  the  soldier,  since  «  herever  he  gut»  tliff 
aocom)iunj  him,  and  he  i.-*  inde[)ondei)t  of  the  rroqueotly  trouhlnMW 
question  of  tnmii^portiition  of  (iupplieif  and  iipplia»cp»  in  ttmetif  mv*!- 
ThiM  il  W.18  thiit,  diirinj:  tin'  lualtli'  of  Manilu  Ility,  all  liaude  ewMb' 
piped  to  brtiikfast,  whtTtijii^  at  tin-  Cn-vvv  oii>liiiipbt  by  the  hui<i  fnf" 
at  San  Juan,  no  siiih  eomfortabU-  n'lii-f  lould  lie  afforded. 

His  wator-swpply  niiuit  be  «irrie<l  in  proiwr  storage  or  l>e  ulrtJiiuKl 
by  distillation  from  the  n»1|  water  in  his  jiath,  Bui  ho  hsis  iw>t  temp* 
with  th<-  'liflti-iillii'.o  which  hc.'*et  the  Mildivr  in  rhc  miitlcr  of  iiini[>  -w"' 
lation,  fur  his  sewer  is  thelioundlms  uccnn,  and  IIm-  juration  of  (ii^p^ 
of  garbage  tvcpiircs  no  tjiought. 

NAVAL  EECEUITS. 

The  United  Rtates  R<^latinn  fofbidn  the  iidistment  as  a  bad^iW 
of  any  man  over  25  years  of  ii^o  nnlerw  he  ha-  Icarnetl  wjnie  nu*lu|*' 
ical  trade,  and  in  this  int^taiice  he  may  not  be  enlisted,  without  »(>«* 
ntithority,  if  over  34  year*  of  ape.  A  landsman  is  nw  wlm  "«* 
before  has  gone  to  sea,  or,  having  \>een  already  at  mw,  dues  not  p"** 
the  :<kill  rcquintl  of  an  oixliniin.'  ncaman.  An  ordinary  smcoui  '""^ 
already  have  had  two  years'  euperienoe.  Au  able  Hiuaaii  i«  ow  '"• 
eis 
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has  bad  ut  Iwwl  lour  yvarn'  exixTu-npc  and  iindcrxtHiid^  tlie  navigiitictii 
of  ships.  Appiviitioes  iiri>  v]]li»tc-d  uot  tiridcr  16  y&Lts  of  agv,  aud 
wrvc  H»  .*urli  until  21,  when  thfir  tt-rni  expires. 

A  caudidiiU'  lor  tlip  wrvico  !»  ifijiiinil  lo  iitidci^  u  tburnupli  ox- 
iiiiiiiiiiiiiiii.  It"  atBiotcd  wilh  stmtuii',  inlirnnl  piUw,  or  any  aerimis 
diwjiso,  or  r^utlbriu^  Worn  llii'  rtwijll.-«  >>{'  any  I'urnK-r  dii^wiso  or  injury, 
m  Hiibj^-ct  to  fits,  he  is  deburrwl  from  the  Hcrvice.  ApplWuts  for 
{H.iisition^  !tK  ifkilkil  iiiccbiiiii'''*  itiii.-<t  demon^itrutc-  ili<.'ir  knowlitl^'  uf 
their  eraft,  anil  ^how  Ibnt  they  posst't*!*  tijc  uet'esttiry  qitalilicutiuuii  for 
t'olluwing  it. 

THE   NAVAL  RATION. 

The  naval  ration  is  always  diflert>nt  from  that  of  the  floldier,  for  rea- 
»iOii'-  Hlreuily  f;iviii.  Tiic  nitioii  of  the  Uiiit<*<l  8liitei«  Niivy,  a.<  pif- 
serilted  in  liU'li,  consiHts  of  tlie  following  daily  allowaiK.-c  of  |»ro- 
vi.-(ion:4  U>  mrh  pi-i-Tun  :  "  Oni^-  |K)iind  nnti  u  qnurtt-r  of  niU  or  siiioked 
meat,  with  3  ounces  of  dried  or  6  ounces  of  caurivd  fniitund  \'2  uuncu« 
of  riee  or  S  ouiu'tv  of  i-jinniil  vi^-ltihles,  or  4  ounces  of  densieated 
V(.-gcmblc>^ :  tonL'llicr  wiib  1  [MUind  of  bii^ciHt,  2  oimws  of  butler,  4 
oimeeM  of  sugar,  2  ounces  of  eoffw  or  eooa,  or  J  ounce  of  tea,  and  1 
omiw  of  t'ondt.-uscd  rmlk  or  cvaponit<.tl  tTi«m,  mid  u  weekly  hIIohiiiioc 
of  J  jjound  of  macaroni,  4  oiuices  of  cheese,  4  ounces  of  tomatoes,  ^ 
pint  of  v-iTiegtir,  \  \>m\  of  jiiokIc-<,  1  pint  of  inoUwi-s,  4  "iin«'!«  of  Mtit, 
J  ounce  of  |iep]H?r,  and  \  ounce  of  dry  nttisturd.  Five  pounds  of  lai-d 
or  II  suitubic  subj'tiliitc  will  Ik-  ullowc-d  for  every  hundred  [hhukU  of 
flour  issued  as  bread  and  such  ijuantities  of  yeast  as  may  be  neoessjiry," 

PreJW^TVMl  nK«ti*,  in  ihi-  UKiuiing  of  the  law,  comprise  canned  beef, 
mutton,  corned  beef,  luicon,  ham,  suuwig^ir,  siilte<l  fish,  and  any  other 
sniokt'd  or  siiIi<h1  meHts.  Flnnr  (Miniprises  wheiil,  lyc,  mhneiil,  corn- 
mciil,  and  liuminy.  Driiil  fruit.-«  iuchide  iipplc^,  peaches,  pmucs,  raisins, 
<lates,  tigs,  and  others  susceptible  of  prestTvation  liy  dri'inp. 

Kroiu  the  above,  it  will  be  noivd  that  our  na\'al  ration  is  very 
elastic  and  jjeneivius,  and.  indeed,  is  said  to  1h^  sH|H'rior  in  amount  iind 
varicly  to  ilmt  of  «ny  loreifin  navy,  Just  lis  our  anny  ration  f^ur|Mi*.«ieH 
in  these  resjiects  those  of  other  armies. 

In  spito  of  till-  (4iisticity  and  Hbundnnrt-  of  the  ration,  eKnsidir.iblt; 
improvement  and  much  (jreater  Httis&ction  appear  to  he  attained  by 
the  systi?ni  of  the  consolidated  mess,  iustitufi'd  originally,  in  1K8H,  bv 
Liciiteiiunt  ndeijanty,  of  the  U.  S.  S^  Li'lr/ifiKlaic:  Xot  the  least  of 
its  ailvantagi-s  is  the  nnprfivement  in  the  pii-[»aration  and  si-rvinp  of 
the  fmiel.  In  tlic  ordiimrj'  method  of  lucsisin)^,  the  ship's  «onn>imy  u 
divided  into  a  number  of  messes  of  about  twenty  men,  and  each  has  ita 
awn  cook  and  mt.'wt  air<-ii<Iuiils.  The  prepinition  of  the  foixl  for  nil 
is  ill  chai^  of  the  chief  cook  and  a  numl>er  of  u^sistants,  and  the 
serving  out  and  the  «ire  of  th<-  mess  gear  an-  iitlenditl  to  bv  the  mcs.-* 
nttendmits  or  lierth-^lcok  cooks.    According  to  Lieutenant  IJ,  (.'.  Decker,' 

'  Thv  0)iiiH>li<liitwI  Mw  tif  llir  Crew  uf  tlie  U.  S.  8.  Indiiiiia,  Hrwevdinui  nf  the 
U.  a  Nnvxl  Imlituto,  XXUI.,  ISOT,  p.  413. 
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of  tlif>  U.  S.S.  Iiiiliiiiiii.  "t\w  pix-wnl  MKliTti  of  meetws  whl)  in 
[K-lL-iit  and  nfb^u  brrikoii-tlown  landsmen  as  cuttles,  .  .  .  And 
^nonil  wii.->t<;  niid  miMiiniiu^'TiR'iir,  U  a  Iniliirt-." 

Ill  till?  cj m sill ida ted  mt-ss  of  the  JntUann,  as  df^crilw**!  hv  IWlrr, 
thif  iTf'W  of  :lm}  iiK-11  lmv<-  II  c'oiiimitn  iiiU-n^l,  nii<]  ;irc  aiiendi^  !•■  \n 
M'Vi'ii  t'<»il(»,  one  of  the  first  ela^s,  two  of  the  tefoiKl,  niitl  foar  "f  ^ir 
ihii'd  class,  a  cdtiiiiiUsirv  yifniimii,  and  a  storf-nKiiii  kt^ier.  p'ooit- 
fur  |ir<>vi»iuuiu};  llie  niewi  urc  dcrivwi  fnmi  llii' omniuKtl  niti<in<r&f 
the  tanteen.  (II«tc  may  be  Mat'.'il  diat,  in  the  {]is4rii;<<iiim  of  ilic  fop 
iioUil,  llic  raiittt'ii  svXfin,  a*  it  (■si*t(il  iii  the  Navy,  wn.t  iIk-  Milgm^i 
sevei'e  critioisni  hy  nflieers  of  the  line.     It  is  now  iilNtlUliod.) 

The  "yMviii  Sivw  iniii-l)  trouble,  rci|iiiRs  fvwcr  cooks,  siml  ir 
iug  posnible  the  pupcliase  of  s  still  w-ider  %"arietj'  of  (oihI  niatcriaU,  i 
jiinx-.v  ^ri.-Hl<-i'  Mttinfiii'tioii  ihnni^hoiil  iit  a  dimini.-<)K><l  coHt. 

The   pi'iiictpHi    defiy:t«  of  all  dietaries  for  (^■ufnrii)};    nipti    cninr 
iii(iiir)ti>iiy,  ileticiency  iu  vt'^-lubU:  romjioDeiiii^,  and  excess  of  (in^-i 
meut!^.     in  onlcr  to  j^mrd  agaiii«l  the  rcT^ult.*  of  on  inbiiHitricnt  r^upplvi 
aritiMi^rbulic  vi^fctahle'*,  tho  Revised  Statutes  iTquipp  ilwit  all  vt??^*! 
nuiiv  than  7-t  |ini.<  hniitid  iicross  the  Alliiiitie  or  l^n-ific  <»r  artiiinil  O^ 
lli>rii  or  Ca]je  of  Goixl  Hope,  or  eiifpigeil  in  wltaltit^  nr  r^caline, 
cam'  a   snliideiit  Mi|i|ily  of  lemon  juice  or  lime  juice,  and   vin 
which  shall  he  »er\'e«l  out  within  ten  day»  nDer  r^lt    provi^ionx 
Imxtii  (lervt-il  out,  ili«  teiuon  juice  or  lime  juice  at  (Im>  mte  of  onfti 
ounce  daily,  and  the  vinegar  ut  tliL*  ntt«-  of  i>nt*-lmir  pint  wcwklv, 
mau. 

WATEE   SUPPLY. 

The  satisfactoiy  stoniRv  of  water  aboard  flhips  \b  a  matter  of  s^ate 
difRcultv.       Small    ve.-seU,  as   onliiiary    iiKTi'hiint    shi)>M    aix)    !-imi 
crati,  not  pniviilwl   with  dJ.Hiilliti);  iipparatm^.  miwt  iHxvjijyirily  cai 
II  sullieieney  of  water  for  iIh-  |W>«»p'  l»Hwecn  poitu,  reckoner]  at  tli 
quarts  iliiily  i^r  man  pUts  an  amount  sullicient  for  enokiii^.       WiitcTi 
stored  in  wooden  iTi^k>^  and  metallic  tanks.     Siuragv  id  cufk^  j'r 
fnim  satii'laeiory,  on  account  of  the  delerroniiion  wliieh  occur**   in 
quality  of  the  water.     This  L<  due  to  the  action  of  the  water  in  ••xtni 
iiig  matters  from  the  wood,  and  to  ileciim|io«itii»n  nf  Ihe.-e  mutters  ii 
duc«d  and  carried  on  iiy  the  iimhiI  agencies.    Cai^k^  I'lioiiKI  not  1k»  iri.i 
of  soft  Wfxid,  and  tlie  interior  f<iu>ul(l   \te  wry  thoroughly   elm 
iu  onler  ti»  dimiiii.-)i  as  much  a.s  possible  the  extnietion  of  Miluhle  ei»i 
siituentH  and  to  ^^nard  iiguin^t  deetiy.     Tanks  aiv  eomuionly  ninde  i 
pilvanixM)  iron,  lined  sometimes  with  ccnieiil.     They  sbuuld  Iw  pla«-eJ 
iu   ciL«ily  acxiessihlc  locationi'  whieli  admit  of  ready   in»[)ecti'>a  a 
cleansing. 

Xo  water  ohcKiW  l>p  taken  on  board  unle«*  it*  wmve  is  known  am 
its  quality  ia  snch  as  to  prechule  iIh-  cLinp-r  of  introdiiriii;;  wale 
borne  di^^Ms.     I^rge  \*esseLs  ami  stmrnnliipM  pmviili-d  witii  di.«tillinp 
uppanitUT'  do  not,  of  murw,  nev<l  i<i  pntvidc  for  the  Ktunipr  of  lai 
voluniex  iif  water.     Tbe  water  yicldnl  by  u  dihtilling  apparatus  Is 
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till-  whole,  far  &ui>erior  in  (juulity  to  llmt  \vliicli,  howovi-r  jiowl  origi- 
nally, has  Ikh'm  [itDrtKi  ftw  any  i-i>nt<i(lerat>lc  time.  For  full  conwdera- 
tioii  f>f  the  subjeci  of  wattT  and  its  storage,  Uic  nadw  is  n-tiTrcd  to 
llif  clmpttT  fU'VOtwl  to  tlwt  fmbject, 

THE   SAILOR-S   SLEEPING  QUARTEES. 

The  sailer  \k  ImtiIhiI  (■(imnioniy  ciihcr  iu  doi:k  lioustw,  forewmtlp^, 
or  betwten  dtfk'<.  Dwk  liimsiw  iin-  by  fur  In  tx-  iin-fi-rhHl,  siin-c  tlioy 
iiiv  will  liglititl  and  fan  tw  Wfll  aired.  Tlitj-  are  |)1ucl><I  abtmt  inid- 
slii|>«,  and  an-  nio*l  wi-wwiblc  niiil  I'liiivciuc-nt.  Tlii-rc  aw-  two  kind.* 
of  foriiiintlc^ ;  one,  known  an  tlic  to[)-g;dUnit  forecustU',  has  side  liglite 
and  i"  cnkTfd  llnvu(i:h  n  iloi)r\cay  ;  ihi-  other,  imnnnoidy  found  on 
meivhaut  vessels  and  smnlt  eraft  in  peMeral,  is  eiilercil  frum  above 
tlni)iii;!i  :i  Imichwiiy.  iiiul  is  not  li^htnl.  This  is  the  least  desimlilo 
lodfring  pliH'e,  and  is  exceedingly  diffitmlt  to  kw)>  in  a  i^U-anly  (^^iiidltioii. 
Ill  fnot,  on  rncri'hant  vchsi'U,  it  is  eommnnly  infested  with  he<ilnigs  and 
other  vermin,  imd  is  the  stori-htmse  for  wet,  dirty  iJollnw  and  all  man- 
ner iif  niiilii-.li.  Kori'f'iistles  aiv  likely  to  lie  damiKT  tlian  other  jiiiris, 
on  aMonnt  of  the  gri'atcr  atnoiint  of  water  sli!|>p<'d  over  the  foivjiart 
<>l'  the  vivTi'l  wla-ii  nnder  way, 

Cubic  space  i>cr  ejipitti  tlciK-iiiU  u]M>n  the  (ai'tlitici*  tor  the  einivenieiit 
h:iiijjin[r  of  ImntiinH'ks  ;  it  ean  never  be  generous  :  it  is  always  far  less 
in  amuimi  thiui  is  regarded  u^sLore  us  c^sentiul  for  the  maiutouaiioc  of 
u  fair  degrci-  of  henlth.  In  fart,  sailors  aiv  almost  always  ovi-r- 
<?rowdeil :  they  have  iiothinjj  like  the  nlliiwniiw  wliii-h  obtains  in  bar- 
meks,  but  rather  that  of  the  tent  in  the  lield.  The  faet  that  the 
wiilor's  rest  is  bnikeri  in  n|«cjti,  so  lluit  at  n-i  lime  dues  lie  get  more 
than  iViiir  luiurs  of  omseculive  sleep,  may  perha|>«  be  a  benefit  t<)  hiiu 
iu  that,  in  the  intervals,  he  brtailln-s  the  purp  ontsitle  air,  and  tnuy  thus, 
in  some  measure,  eounteniet  the  evil  results  of  bi'eathiug  the  neee-s- 
sjirilv  impure  atr  belciw.  The  l''njrlish  statute  n-ijuiitw  that  n  seniiian 
in  the  mei'chant  marine  shall  have  not  less  than  72  eubie  feet  nf  air 
f«|iiier  and  12  sijiiare  fei*t  of  floor  s]>ai*,  esi'hisive  iif  that  oceupktl  by 
the  neeessarj-  artiehw  of  funiiture  and  dunnage. 

In  tile  matlei-  of  enbie  s]>aee,  the  erews  of  merchant  vessels  are.  ns  n 
nile,  belkT  olV  ihaii  ihi'se  of  iuen-i>f-war,  sinw,  on  vew^els  nf  the  latter 
elii-s,  the  implement  of  men  requiiv^l  for  all  the  various  duties  is  so 
lai;gi-  ihat  overerowiling  is  Ui  be  hjoked  u|h>ii  as  a  matter  of  euurse. 
The  sleeping  ijuarters  of  most  of  tile  crew  ai*  located  l>elow  the  water 
line  on  the  Iwrth  deck.  Some  are  qiiarten-d  on  the  gun  deek,  wliieb 
is  abine  the  water  Hue,  and  e-uiseipieutly  is  einiimstanewl  Ix'tter  ns  to 
light  and  air. 

The  s-dlnr  sleejis  in  eitlier  n  ]iumni<K-k  or  a  buidt.  The  luimmtK-k  is 
a  luingiiig  lied,  made  of  heaNy  eanvas,  alxiiit  sis  feet  loug  ami  half  as 
wide.  At  (iieli  end,  bniss  or  eop|H'r  eyelets  are  worked  in,  thnnigh 
which  the  nellies  of  the  clews  piss  and  are  fastened.  The  clews  end 
in  an  iron  rinjr,  to  which  the  lashing  for  each  end  is  att.iehed.     In  the 
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liuniitiiH'k  arc  ptaowl  a  matiress  anil  the  necessary'  covertnp,  aad  • 
tli[»>  he  gets  his  DRNJioimi  of  n^l  in  a  M>n.4iroinv«l,  iintialurai  tKwtiit. 
Iifiit  into  a  cQtVQ,  no  matter  how  he  nuiy  dispone  liJin^elf.  Hunk-  ut 
I'iir  more  nitioniil  und  (-iiiiiriirtuhli-,  sinci'  they  |H*riiiit  ut'  a  lM>njKiDCii 
utiitiidi.:.  Tlicv  arc  made  of  iron  fmnK-uork,  wound  witli  cum>  « 
utbtT  u(inH'Uii(liirt.ii)g  niiitcrial,  or  of  wotxl.  I'liey  jk>»wwm  ib^  adilt- 
tional  advantages  of  ocenpyinR  lc¥«  ifjiaw  and  of  bein^  uoiv  «a»iI,T  kqi 
111  uimn  coiidilaon.  Cnnmionly,  tliey  are  placed  in  two  t»rr»  and  :<iift- 
eiently  far  apait  to  [nTniit  of  laj^y  iMDiBtif^'  mi  i.-itber  side.  The  lomr 
tier  ^"hoiilil  W-  iiol  IcNS  than  nine  inches  from  the  dwk. 

Quanere  for  offieers  and  iHtsscngvre  arv,  a»  may  naturally  be  nif- 
pnt>i:'d,  iiiiTC  fitviirality  hn^ted  and  more  oonimodioiia  than  thoee  a^ 
signed  to  the  ercw. 


THE   DISEASES   OF   SAILORS. 

The  chief  diM.iuo«  to  which  persons  on  inhiphotirtl  ar<>  subject  inolu^t 
di»(«.W!4  of  the  respiratory  oi^in.i  {jmrticniarly  tiilH'rciilosi.-),  riH-utm- 
tism,  di^'iiifwi  of  tlio  digestive  upfKinitiis,  veiienal  di^^u.'^c^,  and  tea- 
sickue^.  Of  nervous  troubles,  n<)^ialgia,  mehincholia,  imd  hy{Kichini- 
(lriu»ii<  lire  donimun.  8kin  di^iiu^t^  of  various  kincU  are  also  oonunuL 
Cholera  and  yellow  fever  and  other  important  infectious  rliiiea^t^  "PP<*rj 
to  111-  cliti'ely  wnnectwi  with  »hi[is,  by  whirh,  ai*  iJ^t-wherf  rmled, 
contagion  is  frequently  «irriod  i'mm  one  conntrj'  to  another.  For^ 
mcrly,  j^mrvy  was  usj^ociutcd  t*]K^'i«lly  with  life  on  ^biJ>l»fllnI,  hot 
since  the  discoveiy  and  introduction  of  the  proper  propliylactic  renicdr,: 
the  di>eiifi(.<  buy  hocn  |m)ctii.'ii11y  e1iminiit<.d  fmni  (he  li^l.  Id  udtlitioo, 
troubles  of  minor  imptuianee,  arising  from  special  duties,  nre  of  twcn-' 
mon  oti.'unxnec,  but  not  Wlin^f  in  i-Iuiraelrr;  nm-h,  for  in^taiitx',  tu  tvi- 
strain  and  other  disturbances  of  vision,  difiturbanoes  of  hiMxistg,  and 
tmunm.  | 

In  Mpite  of  improved  hygicuc,  disca^w  of  tlH>  Innf^fs,  )MrticiilarlT 
!ubi-reniofiis,  appeitr  p-iuTally  to  be  on  die  incrtaise  anion^   .soaf»rii^ 
men.  instead  of  on  the  decline.     It  is  «iiil  ilifit  in  the  nritisli  Navy. , 
between   ISSIt  and   IS90,  disease-s  of  the  Inn^  increawHl  ijO  per  WJit, 
It  hud  iKvri  8iip{Hu<4d  t)uit  thp  doiu^  uway  with  niflKtit,  saih),  and  rig* 
ging,  with  the  consequent   Iej»en<d  ex|)oi^Hre  of  the  men   Ut  culd   amtl 
wel,  would  have  a  eontnirv  elVii-l  ;   liitl  ilA  iiillin-iiix',  if  any  it  liai),  ha*  ' 
been  more  than  con nterUihi nerd  by  the  chnnge  in  conditions  W-hiw,  the 
men  livitij^  now  in  a  veiy  crouihd  eondition  in  hot  >t<rl  ^liifiiN 

Firemen  and  i^tokera  urvvcri'  prone  to  phtliifiis, and  nut  tufnfjueutlr 
the  eshnnsting  nature  of  their  work  causes  them  to  l>eoome  de^iilitattd, 
morbid,  am)  iiiclindl  to  xiiieide.  Among  thi)^  eJasf,  vertigo,  t^iipur, 
and  convulsions  are  common, 

Hosjiilals  li>r  tbi-  trtiUmenl  of  tlie  xick  at  m«  tdiould  not  be  lunattd, 
as  they  usually  ar^  on  the  berth  deck  forn-ani,  but  should  be  nboot 
nniidshi|)n,  when'  they  may  receive  a  fluffiiient  amount  nf  light  and  air. 
The  furniture  should  Iw  of  inin,  thus  |M-nuitling  na^y  elcan«ing. 
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Tbe  ur  of  a  )>)up  lH>k>w  tin-  iXvvV 


iar  ti 


the 


m  Willi); 
^airemenlfl  generally  aciooptwl,  and  U  nfleii  extremely  fotil,  aiid  hence 
wholly  unfit  for  rcHpii-iitinn.  'I'ho  eotilribiiiin^  niiiHcii  <if  tliLt  condi- 
tion are  an  exeats  of  iiqiieons  vapor  from  rcspinitiun  uitd  fmm  witter 
mtvA  in  Hwnihbin^  dcok.«  or  Hhippcd  ovi-r  tlie  titd(«  while  nnder  wny  ; 
in  cxoetw  of  curhoa  iliuxide  from  rc^plnition,  combnrtion  of  ilhi- 
minants,  and  de<mmpoHitton  of  oi^aiiio  nmttor^;  effluvia  from  the 
bilpe-irateT,  from  oil,  tur,  [uiiit,  ninl  other  HLvwisirA-  «iip[>lie:<,  from 
the  rtiniponenls  of  the  cnrgo,  and  from  <itlii-r  .■<(>iire(«t.  The  crewV 
sin-pin);  <iiinrlerw,  even  tliuugh  imiteclfd  by  .-ill  |inicti«il>li.'  means 
from  contaminated  air  from  the  hold,  btlge-t,  and  fore-i>eak,  are  com- 
monly re-iu-he<l  through  somv  channel  by  liu-  I'dhntii,  tvhieh,  mingling 
wntli  those  natural  to  the  place,  aen-c  to  make  »  very  bu<l  conditioa 
much  worse, 

V  Tbe  problem  of  efficient  ventilutioii  of  vcwels  ik  exwedingly  coiii- 
^lox,  and  i>i  tjuite  diflcrent  from  that  of  ventilating  dwellings  and 
other  biiildinpf,  itinee  the  fuudiimcntiil  eumlitiomf  arv  so  little  in  agret— 
nient ;  and  it  beeomf;*  more  complicatt-d  with  increase  in  the  swe  of 
ship.  The  ]>riin;ijile>'  arc  the  *anw  a;*  in  hoii'K;  vciilihition,  but  the 
jilicaition  of  methods  Is  mirrounded  by  greater  difficulties,  due  to 
NtiltiirititM  of  <'<iiL-<lriicIton  and  to  external  <v)iiditious.  Natural 
titilation  may  Ik-  eClV-eted  under  favoring  condiiionFi  through  the 
mc<lium  of  hatehway.-i,  («>«  holes,  and  other  0|H-iiin|pt;  c:inviu->  tulies 
or  fiiniielf  witli  a  side  nix-niiij;  at  the  top,  stayed  to  fiice  tlie  wimi  or 
■le  ship's  coufMe,  known  a^  windK^ii^ ;  lixe<l  ventilating  tidx^  acting 
B  the  name  manner,  hollow  miist)^,  and  other  applianoes. 
P  Hatchways  are  cnmmonly  the  only  n|»enings  for  ventibiting  the 
Towrr  foif<'ii.»lUT«,  and  in  find  wwither  they  arc  kept  elo«i"d.  Sumc- 
timeH  an  oiitli-t,  capped  by  :i  eowl,  i^  provided,  bul  it  ifl  unnally  kept 
1,  on  aoeount  of  the  di^^eomfiirt  of  rlnitl:*.  IleekliotiJKi*  ami  top- 
Ilant  forecni'tli>  arc  mneh  more  efficiently  ventilated  through  the 
le  openings  and  beeau-e  of  their  gn-nt<T  rxpiwiin-  In  the  cxliriml 
HoM^  and  -piiccH  lietwei-n  dcek"  arc  ventilated  tliroiigh  liiitch- 
BVN,  fixeit  tuU-n,  ami  Mind«iil«,  hoUiiw  marits  whieh  art  ii-'  ventilating 
lea,  funnel  m-iingtt  whieh  act  like  jiiekctcil  iftoveK,  and  other  meflUH. 
VcscI"  of  large  siw  ciiniKit  <le|>eud  upon  any  cysti^m  of  natumi  %'eii- 
lation,  but  must  have  reciui'^e  to  nuvhiitiiml  nu'tlKxi"  of  propuUi<in 
lind  cxrnicliou,  and  even  then  only  an  imiierfeet  result  «iii  Ix'  hopitl 
&>r.  vVs  in  the  meelianieal  vculilntinu  of  buildings,  pm|)ulM<iii  in 
ely  to  prove  far  more  eflertive  than  extraction,  and  its  efficieney  is 
_Ty  grcatlr  dependent  ii]>on  tlw  inte)lig<>nt  planniiiK  of  the  system  of 
be  chaniK'lwayi*  and  valve?!,  Valvc)-  are  reiiiiircil  not  only  for  the 
irpose  of  shutting  olT  the  air  eiinvnt  where  it  {»  not  at  the  moment 
spiin-d,  bill  iilpio,  on  nu'ii-of-war  and  other  iiirgi>  vcsju'I.",  for  the  pro- 
lioa  of  water-tight  bulkheads  in  case  of  accident,  nntl  of  difTcreut 
DpartnH'ntri  in  ejuie  of  fin-. 
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The  vontilation  of  vtsseU  cngajfwl  in  earrk-iiif;  j>:ipw<-iipT*  i>  («w 
viddJ  T'lr  ill  |mrl  hy  li^i.sliitioii,  Tlip  XJ.  S.  HcvJsed  Slatutc^  wym 
that  vesHcls  carrj'iug  &  liuii(li-c<l  or  more  passt^njrere  ttliall  havt^  fat  ndh 
uiHirlimnit  two  vcntilatiirs,  oiU'  lortvan!  iiiiil  oim  uft,  of  a  capadrt  [oif 
(miliotuite  to  tbc  mt-  of  tlii'  a piirt mentis,  n  tube  12  inclH-^  in  ilmnitM 
bc'iiiL'  regaitlwl  as  tlic  iiro)N:i'  -hijh-  iVir  an  it{icinni<.-t>t  for  2O0  penuos 
It'  nilicT  tiK-iiii:<  ut'  nttuiuiti^  tlip  »im<;  mua^ure  uf  vcDtilatitm  atv  |iR*- 
vidcd.  they  may  be  usotl  in  place  of  thoK«  stipubitxl.  Under  tlie  Bi^ 
\iA\  \nw,  tlic  imivUioiiK  for  ]i(;h(iu^  mid  ventJIatmg;  luti.M  n-«vi\rlbe 
aiiprov.-il  of  the  Kmigrjlioii  Officer  at  l\\v  pi>rt  i>f  clesinincc,  »nA  S 
tluTi'  jiiv  as  imiriy  as  »  liiiiidnsl  jMis'iiij^i-r"  on  Ixntn],  ()■(■  vt^w^l  amx 
be-  providenl  wUh  "an  adetjuate  and  ]irop<-r  ventilating;  apponini^  ^ 
be  approved  by  mioh  Dfti<*r  aiuI  fitt«]  to  hi«  ttulb^fbeiiun.'' 

When  artitioiiii  heating  i!^  reijuii'etl,  n>^  is  tnudc  of  (<riiv<.-«  aiid  ifsn 
heating.  In  the  fi>re<%i»tle  of  miiling  vom-Ih,  .■iiiuill  nqiiare  Mui'iv  ui 
ctwt  inm  willi  :i  movable  ttivt-r  nre  employed.  TTie^  art  dirtj-,  iticD» 
vetiieut,  and  generally  unsntis&ctory. 


GENERAL  HYQIENE   OF   SHIPS. 

Of  the  very  first  inii>oilane*r  in  llic  liygitmi-  of  Khip»  U  p^oenl 
cluiiilinc«8  ul'  i^liip  nnd  iK'n>unnvl.  Clennlineiis  of  tlie  i^liip  tvuuim 
constant  uatebfiiliiess  and  nuivniilting  attention,  and  <ln!Iv  iii>pci'tiia 
ii<  tici'i-vKurv  |i)  insniv  that  elejinline^-i  U  nol  wholly  Mi)HLTri(-iMl,  simv  it 
often  happens  (Imt,  whoii^i.^  the  d<vk.i  and  all  vi.->ibli-  gxirtionK  un-  deaui. 
parte  which  are  ont  of  eight  an  not  iu  a  wliolei-omc  cnndiiion.  Nan! 
vessels  of  all  countries  are,  as  a  class,  niiieh  more  careliilly  luoknl  alln 
in  tbie  rt''^]H'(.'l  thuii  tJioni.'  of  tin.-  m>.-ri-lmnl  murine. 

In  securing  eleaulineev,  it  ie  a  mistake  to  nee  water  too  frcuii^ntlv  mxl 
in  t'Hi  grml  ahnndanct-,  and  gmit  oare  .-lioidd  W  taken  tbat  all  s'uper- 
flnoiM  water  \»  removed  n.*,  tpiiekly  us  (xissibk'  from  all  ]>iirtci  \w\xrw 
dflclis,  since  one  of  the  cardinal  dii-eotions  is  to  keep  <lri",  for  damp 
dtiijw  an-  notoriously  nnlii^llhy.  Tin-  dampncs"  tluit  eon*U-nees  fwwi 
the  moist  air  upon  the  >*urlaee  of  metal  plaies  and  overlie;id  Imuius  i» 
■I  nonnv  of  great  amiovHiKX-  from  ilx  eonKCant  drijipiug,  and  keepK  op 
a  continual  dumpneee.  This  can  be  remedied  only  by-  Kbi-atlung  or 
covering  of  iion-condneting  material,  aueh  as  grtinnUtc<]  cork  or  oe- 
be^tiw  fiber. 

The  most  difficult  parts  tn  keep  in  even  fairly  swe«t  oonditiun  an 
the  bilges,  in  which  eolk-cte  that  mo^t  diwigrecublc  and  ofTensivu  Imuii) 
known  as  biiffr-tcilei;  the  internal  drainage  of  the  ship,  much  of  whii^ 
in  woftikti  shigKi,  \vaki'  from  wiihoui  inward,  tliroiigh  the  Heamn.  The 
dlHgusling  odor  of  bilge-water  is  due  to  the  deeoin|w>sitioii  of  the 
organic  nuttlon*  pn-^-nt,  and  to  the  mltHHion  of  siilpltatm  of  ilu*  lalt 
water  to  sulphides.  The  l)ilgc»  rojuire  peni^xlical  pumping,  and 
are  eonnt-cted  for  this  reason  with  pumps,  known  as  hilge-piinim. 
The  bilgt-wutcr  removed  is  dinehargt^l  into  the  sea,  nnd  aOer  rvnioval. 


OKSKRAL  HYGIENE  OF  SHIPS. 


e2& 


the  Itilgea  are  fluphed  with  dean  sea-water  and  again  jmuipwi  out; 
iMiriii.'litiKv'  tbi'V  nrc  rt.'jjnlnrly  il(iMli>riM'(I  uiiil  ilisinfiLt-UHl, 

Nest  in  importance,  on  account  of  tlieir  co  mm  only  unwhnle- 
80ino  o>iuliti(in  and  the  ditfinilty  with  wliicii  tlioy  ur<>  niailt;  clciin 
and  kfpt  so,  art'  tin-  [K-uks.  In  i-nudl  vt-fiscl",  the  furc-ptak  very 
t^irnniniily  causeft  fiinliiig  of  the  air  of  tlw  erew's  *jiiarters  in  the  ioro- 
cjistlo. 

Fi-om  a  hygienie  -itandpoint,  the  stoke  holds  of  steamers  are  of  grtsit 
iin|(or|;iiii'f,  for  hero,  in  n  very  nwtrirltil  :«[Kt«',  i-xpiwoi  to  cxttwuivo 
Jieiit  from  the  fnrnaces.  the  stokers  |>eriorni  tlieir  exhaiipting  office. 
Till-  jiir  iif  till-  Nloki'  licild.i  i.*  (Mimmonly  not  only  vxri;^.->ivi'ly  lint,  Imi 
exceedingly  foul,  and  these  oiinditiotiK  t-au  be  iiltuted  only  by  pro|jer 
ventilation,  whieli  may  Im>  secured  (■itber  by  means  of  niechiinitvil  npi^i- 
aiiw«  or  wiudsjiilrs. 

Water-el  I  ).-*ets  and  latrines  should  l>e  of  an  simple  a  tyjH-  as 
jKissihk"  and  eaiiiililc  of  ctlVirlivo  llnsiiinj;.  Tin-  Miil~[ii|H.'«  nmv  ili>- 
chargi?  alwvc  or  lielow  the  water  line,  W'here  closets  must  \>c.  Iiuated 
lieliiw  tin-  water  line,  r'jiei'inl  pumpinj;  arran(r(.'nient-«  iirt-  pnividul  for 
llicir  'niplyiiif;  and  flii^hin*;.  Tlicir  placinji  difl'ers  acctmling  to  the 
siKi'  and  cliameler  of  llie  ships,  l.iitrin<-s  fi>r  the  eii'w  aii-  pliieed  for- 
waiil  ami  comphlfly  diH^iunieetctl  Iroiii  the  forecastle.  The)-  sire 
eii|)j)lied  at  the  rate  of  not  leas  than  three  for  every  hundrc-d  men. 
UrinuU  uri'  iM>iniiiiinly  a  source  of  ^i>t  niiiMiiiMS  and  bciicc  rctjuire 
vxtra  care. 

On  ims-M.-iifrt-r  sliips,  llin-r  clu-n-ls  i^honld  Ih-  provideil  for  evcrv  biin- 
dnxl  (K'rwjiis  carried,  and  they  should  lie  so  lociiU'd  with  i-efei-enei-  to 
sh-epintj  iiiinrt<-r«  thai  tiny  may  not  give  ri.-c  to  niii.onee. 

Whenever  wcjitlier  iind  other  cirninwtiutws  [icnnit,  fill  bedding 
nhonld  lie  thoi-ouglily  aireil,  each  article  Ix'ing  brought  up  from  below 
.'Mid  cxiiosdl  w])Hr!it<-lv,  fiisti-Mcfl  fo  the  rig(riii)r  "r  upon  the  pirt  tines. 
Hammocks  should  be  thoronghly  cleaned  and  dried  ati<)Ut  once  in  everv 
fortnight,  IJIankct.*  .ihoiikl  be  wiishwl  with  .-wmp  at  lea.-'t  every  «X 
months  ;  hanini'K-k?<  and  all  articles  of  bedding  should  be,  when  prao- 
timble,  e\|H)wi'd  for  |iiiii  of  iweh  day  to  the  dirrcl  action  of  the  .hiiii- 
light. 

For  methods  of  disiiifeetion  and  general  cleansing,  the  render  is 
ri'ferrcd  to  the  chapter  on  (Jnnniniino. 

Personal  cleanliness  of  the  men  is  of  even  greater  importance  than 
eleiinlineMi  of  tlieirsnrroiiiiditigs,  and,  iniU<i<d,  tlii'  t^vo  ),rci  liund  In  Imnd, 
for  nun  of  cleanly  habit-  will  not  permit  their  surroundinj^s  to  be  orher- 
wlse  liian  wholesonir,  and  those  wlio  ai-i-  not  iiatniiiUy  no  ineliiu'd 
should  be  n-rpiired  to  keep  themseU'ee  clean,  tlach  man  should  be 
allowed  a  sufficient  riupply  of  fresh  wntir  daily,  and  the  necessary 
appiiaiices  for  washing  shoidd  be  pn)vidnl.  In  niivic',  the  washing 
of  the  jierson  is  eonmionly  made  u  [Kirt  of  the  routine.  Special  provi- 
sion for  the  dire  of  the  perpou  is  rfiuinil  tor  tiiosc  who  liave  the  dirt- 
iest work  to  ]M-rtorm,  namely,  the  firemen  and  stokera,  »mce  their 
ocenjmtion   precludes  the  use  of  luneli  wearing  ap|iarel,  and  the  air  of 
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the  place  where  they  work  is  laden  with  co&l  dust  and  so  hot  that  tb^r 
bodies  are  constantly  bathed  in  perspiration.  Short  bath-tubs  uf  gal- 
vanized iron,  a  sufficient  number  of  wash-bnsins,  and  a  reasoDul>l« 
allowance  of  water  and  soap,  should  be  provided.  Given  the  conven- 
iences and  eneouragement  to  make  use  of  them,  the  chances  are  ihai 
thty  will  be  appreciated  and  freely  used. 

As  is  the  case  with  soldiers,  it  is  of  very  great  importance  ihat 
sailors  should  be  kept  busy  and,  at  the  same  time,  shoidd  have  .suffi- 
cient time  for  relaxation,  which  they  should  be  encouraged  to  spend  in 
such  pursuits  as  will  conduce  best  to  the  promotion  of  <^eerfulDe«s  and 
the  prevention  of  ennui. 


CHAPTER    XI. 
TROPICAL   HYGIENE. 

TEE  SOLDIER  AND  THE  CIVILIAM  IN  THE  TROPICS. 

The  following  piigee,  dealing  with  hygiene  in  the  tropics,  have 
greater  general  applicability  to  the  life  of  civilians,  who  have  a  wide 
choice  in  their  mode  of  life  and  distribution  of  their  time,  but  the  main 
principles  arc  equally  applicable  to  the  life  of  the  soldier,  even  although 
his  liberty  of  action  in  the  foliowing  of  his  own  inclinations  is  very 
greatly  restricted. 

It  is  a  very  common  mistake  among  persons  reared  in  temperate  cli- 
mates to  suppose  that  the  change  to  a  tropicid  climate  means  chiedy  a 
sudden  access  of  heat,  and  that  it  is  simply  this  increased  heat  which  one 
has  to  consider ;  but  it  us  not,  as  a  rule,  the  actmil  tcmperuturc  which 
affects  the  individual,  for  in  the  North  we  may  have  for  days  at  a  time 
a  higher  temperature  than  obtains  customarily  in  some  parts  of  the 
tropics,  without  suifering  in  the  same  way.  The  principal  difference  lies 
in  the  excessive  tropical  humidity,  but  tropical  climates  are  n()t  e(iually 
humid,  some  being  exceedingly  moist,  and  sonic  exceptionally  dn'. 

In  some  parts  of  Australia,  for  example,  the  climate  is  exceedingly 
dry  and  the  temperature  is  very  high,  and  yet  there  is  much  less 
liability  to  sunstroke  and  heat  apoplexy  than  in  some  parte  of  India, 
where  the  temperature  is  less  high,  but  the  atmosphere  exceedingly 
humid.  Since  all  hot  climates  arc  not  alike,  the  mode  of  life  also 
varies ;  and  in  any  cast-  it  is  necessary  to  take  into  consideration  the 
special  local  cluiracteristics  of  climate  and  the  methods  of  life  followed 
by  the  natives,  and  if  one  takes  «ire  to  adapt  liLs  clothing,  his  diet, 
and  personal  habits  to  the  conditions  which  surround  him,  life  in  the 
tropics  may  Ije  bearable,  even  if  not  thoroughly  enjoyable.  On  this 
point.  Dr.  S.  O.  L,  Potter,  U.  S.  V.,'  writing  on  the  sixit,  says ;  "  If 
people  cjin  take  reasonable  care  of  themselves,  and  do  not  give  way  to 
excesses  in  any  form,  drink,  csiting,  or  working,  they  will  li\c  as 
healthily  in  Manila  as  in  New  Orleans  or  St.  Jjouis  or  New  York." 
Cut  they  cannot  withstand  the  effects  of  any  tn>pical  cliiiiatc  for  long 
without  an  occasional  visit  to  the  temperate  zone,  for  prolonged  resi- 
dence brings  about  an  undoubted  deterioration  of  the  system  in  s)>ite 
"»f  all  possible  eare. 

According  to  Freeman,'  Europeans,  after  some  yeiirs'  continuous 
residence  in  a  hot  country,  degencrat*-,  losing  energy-,  initiative,  and 
oaemory,  which,  from  a  military  [Milnt  of  view,  is  not  compcnsaited  for 

'  SoteB  on  the  Philippinen,  l'lii]in]vl|>lii;i  Miilii'ii!  Joiimnl,  April  7, 1900  p.  803. 
'The  Samtation  at  ttritinh  Tr(Hj]i!<  in  Iniiin,  Lcniilon,  18111). 
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hy  Himini^^liod  liability  tn  iliseiue.  Hpiioe  tlio  necessity  of  furl'iighj 
ut  ^tiitcil  iiiUTviils.  Hotter  8iiy^  "  Many  of  our  older  <iHicrr>'  tia«* 
iiii<l('i1^>n«  a  prrm-jis  of  m{ml  iipnp;  Ik-ix-  wilttoiU  jinv  ilHinitc  iiilm>-iil 
to  iH'itiuiil  fiir  ihi-ir  con<lilion.  Thpy  ftiiiiiily  (iniw  tliinixT  mid  tliiiiiiiT 
(by  by  day,  ruiming  di»wii  ^iiliiitlly  in  idiysiml  Ktn-ngth  sw  fnuimtion 
gtifti  (III,  until  finally  llie  Oenoral  takes  pity  and  netids  thrai  Immr." 

Aiwonltn^  til  u  innnlK-r  i>f  (dif^'rvt-r!*,  the  h'Ay  t^^Mp«■R^1n^^•  <■('  wv 
arriviiU  in  liul  rliinatcs  i*.  npjirifiidily  clovatcd  (O.-l-^t.!*  d*^*  K.] 
tdiovi-  till'  iinnnul,  imd  uiidcr  oonio  (!ouditionii  id'  bi);li  l<«i)iCTiitiiiT, 
xiucc  till.' body  cunnot  iiidiitK'  b<^«t  to  botUT  i^nrronrKliu^  air,  lh<' tniir 
t»'mpi-iiitiin>  limy  niii  jw  Ingb  iii-  102°  in  h«t)lb.  Tlw  ImbK-  i-  difn 
di'|H-iuli'iii  i-hii^lly  iijoti  cvujinnitioi)  fiimi  tbr  Nirfacv  fnr  tlic  kdiun; 
duwii  of  t[i(-  tcnipenitiiro  sw  iirarly  um  (Hit'ttiblp  to  normal.  Itiil  Mh'ii 
bi);h  ifiii|K'm1iin'  in  onnjuined  wilti  bi^li  btinddiiy,  itu-  diRimdly  an>I 
disromfiirt  iirv  nnidi  incrciixt].  (.'nntiiiiii'd  ninUt  Ileal,  tbroti^h  it«  in- 
Hneiii-e  on  uielaiMiliAni  and  t\\v  varioiw  function)*  of  the  txnly,  niitw 
jrn-at  nt-ni'OMHi'xImnj'lion  and  Kcncnd  dcterioraiion.  TIm?  rc^fHtalioD  i* 
«lc;pivii«ed,  tlip  force  ancl  rale  of  tlie  [mlw  lowcrwl,  tlir  mind  U^iimi* 
*lnlliil ;  tint  .'Wtnt  \s  dmibUil  in  uinnunt,  and  thin't  nieixiittl  in  fn^- 

t)iirtion  :  tbc  tlij^tive  function  is  wpakcaicd,  and  apjM'lito  for  nvn  ih 
(i»si>niHl  nt-ciTviity  for  fiiod  h  diniiniHhctl  and  rc<)iiin-H  cuiistant  pitiniuli- 
tiuii.  Ttif  botly  loncK  ill  vvoi;;)it.  am)  t>olli  botly  uwl  mind  in  cfli.if;>'. 
I>r.  Fwicrit*"!  Monlatdo,  of  tbc  Sjiimi!'!!  Niivy,  in  n  prartiial  lu»i- 
Ijook  '  writlrn  for  tbc  w-x'  of  Knro|K-jn>!  inli-ndiu);  to  vi&il  tin-  S[ciiii-!i 
<'oloiiics,  [inblirthcd  jti.'^t  jirior  to  th<^  oulbmik  wf  our  wiir  uilli  Spaim 
iirp*  upon  llii>~f  wbu  art-  not  mm'  of  the  wouwlncsf  of  tlirir  hmlik 
ibi-  nHci'-<*ity  of  nidimitting  tliemtwlves  for  thomngh  pbyfiml  rxtnin- 
tion,  ciiict-  a  Irivial  nibiii'iii,  «-iL«ily  t-orrccHfl  n\  bo»i<-.  may  tlcv'Hoi' in 
the  Iriij>i47)<  into  a  troiibb?  not  t^Hly  managrd.  Potter,'  ai^o,  on  IM' 
lnlt<-r  jMiiiit,  n-iiiark.H  :  "  ft  in  all  vert'  nin-  as  long  a»  one  \»  wrll.  l^t 
tlio-ii-  w  bo  pet  sick  dou't  cjwily  recover  \\vre.  C'oiivaIc**«i«'  i»  trt> 
slow  and  very  diffii-ult,"  And  nffnin,  "  llii*  gcnonil  olimiHfof  tlw 
JKkind-  \<  not  iK-rniiTion:'  for  tlR»«f  wlio  arc  able  to  avoid  cx|»>iwiit,  tiu' 
when  broken  down  by  bunl^nhip  or  inndcntal  dUtn^-,  coniplen*  nvW'T 
w  doubtful  ami  convidwecnoc  \*  vt-tj-  ifiowly  tTwtablii'liud."  Biin-I «»' 
I^rand,'  al^o,  lay  stress  on  the  n^icessity  of  liclnlion  of  bcultliy  in^i- 
vidiial.-*  lor  .-crvicc  in  the  tropioj*,  Hiyinf^  Ibat  if  tbc  HildH-r  U  **• 
yoiinR  or  if  bis  conBtitntion  in  not  wtrong.  lie  will  be  an  f!t»v  jwff  *' 
diccaw,  while  if,  on  tbc  i-'Hilniri-,  be  lia.x  Ihiii  can-fiilly  ii*'li'rt»d  «»'''' 
lif^lit  of  the  ppoidiar  (Hindition^  and  tlie  demands  U[ion  lii»  xlni:^ 
he  will  b*'  Ix'tti'r  able  to  rft-ist  morbid  iiiHiiciiofti. 

I>r.  LiKH-]!,*  "leaking  frtmi  an  c\|HTicncc  of  ii  miinl)t'r  iif  yrarn" 
militan-  Mir;,'coii  in  Borneo,  iirijts  tlio  exercise  of  ((Ti'a)  i.'art  to  ii^"' 
ttie  bcnltli  of  trno|)H  on  tmi)r'|iorti<,  so   tliiit  they  may  not  W  Um'"' 

'  riiiin  Pnii-IK«  nijp^Dica  v  Mi<ilii-R  ik'l  l^rrnmi  ra  Ion  Va\m»  TdttIiIo*  ( Kli|M 
Cuba,  PficH*^  Rim,  Fernando  V('<\  I'If.  i.  .Mmlriil.  li^,  |k.  1(1. 
'  VAtr**  rilcif'!^ 

'  HyKiim-  ilii  Solilnl  mjiifc  Iw  Tiiiiiiijiirs  fiirin,  IHBS.  ^ 

'P^nlKplWrnerkuai^u  ilbu  Aci'liniHii-alion  luid  Lebrn  in  ilenTm|wn,  Mua!<n.l*^ 
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Mireiidy  »ick  and  weiik  und  nwly  for  irhipniGot  home.  Riuecli '  advises 
all  who  are  prone  to  nervous  disorder,  thow  already  suffering,  and, 
alKivfiiil,  r|iilr|iti(^s,  to  kcc|Miwnv  fmiii  the  tropkvt ;  xiitl  Miiokiiii  •  I'frt-n* 
tlie  ^iiine  iidviw  to  anyone  whose  heart  and  blood-vessels  are  not  wholly 
iii.irniiil. 

It  is  also  well  to  choose,  if  poi^itihle,  the  best  time  of  year  for  land- 
ing. There  are,  it  ia  true,  only  two  seatmnii  in  the  tropics,  the  drj-  mid 
the  rainy  ;  but  there  are,  ncvvrthcleiw,  tmuKition  periods  of  greater  or 
Ie>wt-r  dnr:ition. 

ResideBCe. — If  um-  ha*  ii  (■:hi)i<'c  in  llir  niatter  nf  iv-sldriue.  it  i» 
well  Ii>  lie  euntious  in  its  esereise,  and  to  Ixght  on  liigh  land  and  away 
from  the  awst.  The  Kng]i.ih  luivc  long  nvogniwHl  th<'  ui't^ariity  of 
sfiiiliufr  their  soldieri^  inland  and  to  tho  hill)i,  when  military  reqiiiiv- 
iiiciil-  ;iiv  not  >i[ip(w(-d.  AlliT  getting  simiewhaf  aeeu-tomed  t*j  new 
eonditioue,  iho  lower  parts  and  the  euusl  niuy  gnidimlly  be  ventured 
upon. 

Ill  »i»nie  i«rt«  of  the  tropic*,  it  t«  ciuttomary  to  leave  silwpiiig  MjHirt- 
ments  ojien  during  the  day  and  closet!  at  night ;  bnt  in  ollien^,  the  et.ii- 
triii^'  ii*  the  nile,  ibe  dmirs  and  windcuvr"  lii-iiig  ehised  by  dav.  The 
best  form  of  bed  is  ihal  made  of  not  too  heavy  iron,  with  a  frame  Lir 
oilier  deviee  to  .lupiiort  a  inii:M|iiito  Ixir.  The  bed  .■*honld  lie  plaw-d 
away  from  the  walls  and  out  of  draughts,  l^c  \fg»  8houl<l  i^taiid  in 
small  vesseU  fdh-d  with  water,  in  oi-der  (o  keep  away  small  crawling 
ini'ectfc.  If  ill  the  eonntrv  and  neither  Ih-iI  nor  liaininoek  i*  In  Ik-  had, 
ami  oiii'  is  obligeil  to  .-hi-p  on  the  floor  or  groniid,  a  rubber  or  other 
waterproof  fiheet  or  a  iliv<.<eil  lii<le  sliouhl  Ik'  spread,  and  the  body 
dhoiild  tie  well  protected  against  condensing  moisture  and  troublesome 
in«rt«. 

Habits  of  Life. — All  authorities  agree  in  at  lesistoiie  jiartienlar,  and 
llutt  i.t,  in  urging  moder-.ilioii  in  all  ihiiifp— ^lil■t,  diiid;,  work,  I'Xereiie, 
drejrS,  The  diet  ^hould  be  ehosL'n  with  eare.  and  iee^l  drink>'  taken  in 
great  moderation,  if  at  all.  The  clothing  should  be  chosen  with  jiulg- 
menl,  both  i\^  to  proteetion  frcini  the  licat  <i(  the  sun  and  iigainrt  ehill- 
inir  of  ibe  ImkIv, 

Work  should  not  in-  exivMive,  nor  Tihoiihl  il  be  |H'rfnrui<'<l  in  llie  fun 
during  the  hottei-t  [»art  of  the  day.  Montaldo'  advises  one  to  ri^e 
with  ilie  sun  and  take  a  (guiek  eool  tiath,  and  then,  after  ii  light 
bre;ikfa.«l  of  eollee,  twi,  or  cluxmlato,  with  a  little  bresid,  to  altend  to 
wliatever  duties  one  has  to  pertomi,  until  alioul  10.:tn  a.  il,.  when 
hini-bi'on  niav  be  bad.  Tin*  should  not  be  Ik.'.ivv  a*  to  fiHxi  or  drink. 
The  latter  may  couwist  of  a  little  water  with  claret  or  lemon  juice,  or 
tea  or  eotTi-e.  If  one's  wnrk  i^nul  of  dt>or:',  it  chonld  not  be  resumed 
before  .1  in  the  aflemoon,  and  in  the  meantime  one  xhonM  ivt  in<lnor!*. 
After  H.'Mt,  a  snbstiuilinl,  bnl  not  too  liiiirly,  dinner  should  Ix'  taken, 
observing  the  sinie  moderation  in  the  matter  of  dnrdsing.  One  shonld 
never  gi>  out  with  an  einjity  .storaaeh  nor  ilo  work  imniediutely  alW  a 

*  Allgcnirinc  Zpiturlirift  fflr  rnycliiniric.  ISPT,  p.  745. 

'Joiirnfll  at  Tivjikiil  M«di('in«i  Vol.  I.,  So.  1.  'Locodlato. 
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tavul.     After  tlinDer,  a,  wiilk  or  mmn-  form  uf  ri-t'rraliitn  until  lOM  or 
UuTpjilxml-s  wlii''li  it*  tin-  (iroper  time  fop  rotiriiiti;. 

Ow  iii  advist-d  ctmiiply  nor  In  i'X|ii'M'  miiV  r-vW  (n  tin.-  imii]  cxienaj 
nijflit  air  ;  Ui  jivoitl  noW  liatliiiig  ami  cilil  <)rinki^  wliiK-  (K-pijiirinfj ;  anij 
i-H|M-cia1ly  U>  avniil  KliiiKliit^  lor  n  loii^  liini-  in  iIk-  )>J)u<Io  in  garnirDl< 
Wft  with  perspiratiou.  If  mii-  i«  wtnju-lk-d  tu  be  i-xpospd  lo  ibe  »uii  for 
)i>ri^,  (hi^  [irolititirii)  iilVnnliHl  l>y  iiuibrelln.!!  nnil  oolf)n.iI  siMvliidiy  apiurf 
(i«it  ami  ;;lurc  (thoiiltl  in*  HUi^lit.  Thi'  ciinNciiHcmiH  of  <>;c|Hi-im'  mar 
bit  oxrw-ilitigly  wvpTt-  or  even  faial.  Tlicri-  uro  viiri«mji  form*  irf 
wliiit  nri-  <'<)iiirnoiil_v  kitovrii  ns  siiiiMrokr  ami  litat  iipoplcxr.  A  wri 
common  form  is  one  of  syncwpo,  hi-ought  on  by  ovepexrrli«n  In  Oh' 
iliri'ci  .-niili)^lil  or  cvfii  witliiit  ct<H)r!«  by  one  iilroidy  in  a  depru^i'd  nm- 
(litioii.  Till'  skin  is  moist  ami  clammy,  the  pnW  very  fivlilr  ami 
almiiT't  ini|K'rcci>tibU',  the  nHisi-iilnr]iowi'Tiil»nwt  «>iniik'tely  liwt.  Pnitli 
nniy  occur  by  uinlijie  tin  Inn,  but  rccowry  under  appropriate  tnslinml 
is  the  general  rule.  Another  form,  ilue  to  dini'l  lU'tiun  of  ilie  midV 
niy«  on  llie  brain  nnil  conl,  iw  in  tbe  natnn-  of  u  wry  Mid<leii  svWK 
shock  nffit'ting  the  rcspiraiorj- and  cardiac  ocnlernjaiMl  eomnu«ily  t|uirt]y 
fatal.  ('oniplct('  iisv.ven'  in  r«n.>.  A  ibinl  lonn.  oomniunly  known*.' 
heat  apoplexy,  is  due  to  exposure  to  constantly  high  tem|NTit(ire  nut 
necessarily  invnh-ing  dii-et-t  <?xiio:'»rr  to  ihi'  Min,  and,  in  fiict,  msT 
0(vnr  in  i-londy  weather  and  at  nif;ht.  The  whole  l>ody  hei'onira  ^l^^r^ 
heoteti  and  the  tem(HTatnTe  may  cxrti'd  110*  F.  The  skin  ii-pi'tiprallf 
dry,  idlhoUf;li  ^<jmctinH-:«  nnii^it ;  the  jiidse  full  nnd  regular  or  »nul1 
iiud  irregular;  respiration  labored.  There  is  intense  rt(4l«saiw». 
and  cpilepiifomi  convnUimw  may  mijwrvone.  Thw*-  atfft  mv  ff 
qnently  fatal,  and  if  recover)-  opcnnt,  it  is  not  compIiHc.  In  Imfi*. 
according  to  i'livmui),'  hiui  n)M>p1(-\y  and  Min^lnike  <K-eiir  imill^ 
ton-ard  the  cik)  of  hot  wciilher,  although  the  mi«UUy  sun  b  fttvtf 
enough  in  most  places  to  eaufie  »cvrre  hmdacbe,  if  iint  Mini4tiokc.  ll* 
y«ir  round, 

For  the  avoidatice  of  HUnstroke,  in  addition  to  having  projier  bml 
eovcrinn  and  umhrrlln,  the  neck  :iitd  "piiicBhonld  be  pnjiH-Hy  i>n>t»t1«l 
from  the  sun'i-  rays.  The  dnnbte  pleat  in  the  liacli  of  ihe  Ni^iulk 
jacket  is  intendc<]  as  a  protection  to  the  "pine.  A  few  green  lRi\wi> 
the  hat  are  (^innetimei^  conducive  to  conifoi-t. 

The  commonly  given  a<]vice  to  follow  tho  customs  and  hnlnts  i>f  t'"' 
liiitivet^  in  risiHt't  to  iliet  «n<l  phyisiral  cxerciw  «m  Ik'  accepliil  ■'n'?' '" 
part,  for  the  native  of  the  tropii-s  is,  as  a  nile,  a  lazy  imliviiliiut  «l>* 
merely  exLit* ;  tlie  wmr  and  tiiir  of  his  cysletn  n'<piire  bnt  Iitlli"  in  tli» 
nay  of  re|uiir,  and  his  food  is  of  the  simplest  kind  ;  he  ha^  nonaitd- 
tinn  and  no  de>in>  to  hoard  up  a  fortune  which  ho  itinnni  il*;  If' 
tx-tween  hie  indolence  and  our  high-prossure  life,  tbeixi  is  a  bapj>}'  ■■*"• 
es]>e(itdly  in  (be  t ropier*. 

Diet. — The  qno^tlon  of  diet  in  the  tropira  is  a  very  st^nouii  ntn'.  ^ 

crroi^  may  he   followed  by  disastn^us  results.     Siiir*   prolui^inl  I**' 

exerts  an  unfavonibte  iuHnemv  on  di<^«(ion,  (hi«  fuiKlHjD  ^"'^^ "'' 

■  Jounwl  nf  TrnpL-al  Jlctllriii^,  Vol.  L,  Vo.  I. 
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be  made  to  hvax  too  beavy  a  burden,  and  it  becomes  oecesfiaiy  lo  re- 
strict the  diet  in  Ht-voral  iiarliculttr.-*.  Xo  more  ibod  nliiiiild  Ih*  tnkcii 
tlian  can  comfortably  be  dige»itt'<l.  for  botb  dysentery  and  diiirrbceii  are 
Civon-d  hy  tlio  irriuitiou  cmist^l  in  the  intesiiiiej.  by  f(>od  |)iiilially 
diji^T^tfd  or  muiePfioinff  fcrmcntjitive  |ni«'i ■»-*•».  But  tbe  cbuntrc  froTU 
the  aw-ustomi-d  dit-t  should  not  be  ni.tde  with  too  great  abruirttie^s. 

The  nativre  dejK'iid  chiefly  iipmi  a  vcjivcibli-  ilitt,  in  wbicli  ri<v  aiid 
beaiiH  and  fruits  of  all  kiuiU  phty  prominent  jiarts.  Meat,  if  eaten  at 
all,  i.s  taki'ji  nsiially  in  very  nmiill  (jiiantitieis.  Aa  a  niK-,  in  hot  (^liniaU'!*, 
it  is  not  tender,  fur  it  efiunul  \n-  liniig  ihiV!*  and  week*,  as  with  u«.  to 
rijK'ii,  but  muiit  be  eooketl  and  «itcii  withm  a  vciy  few  liours  afit-r 
slaughtering.  Fii^h  should  nut  bo  u^<d  unle««  very  fri'sb,  imd  »h(!ll-ft«h 
of  all  kiuds  nhouUl  1x>  avoided.  Fresh  milk  is  ordinarily  not  to  be 
bad  or,  al  leiii<l,  ix  ditliciilt  to  ohtiiin.  It.  HjHHHiily  soiu','*  and  !Ht'<irn<-» 
until  to  driiik.  Conden*etl  milk  of  goixi  quality  is  more  to  Ije  de- 
[leiuli'd  n]M>n.  Ve};i-lablew  .should  Iw  thoroughly  einiked,  or  iliey  will 
seriously  tas  the  digestive  or|;pntf.  Fniita  should  Ik-  pcrfetitly  ripi-  and 
8oiiiid ;  ovi'i--riiH.'na**  is  tjuite  as  objectionable  as  greeuness.  Ovep- 
indulgenee  in  fniit,  even  of  llic  best  ijiwlity,  and  espi'cially  in  the  .-"our 
fruits,  is  jMirtionlarly  to  be  avoided. 

Tea,  eutlif,  und  (;lnx'"latc  ari;  udvis^.n!  in  motleration.  Lime  jni(?e 
with  water  or  cold  tea  makes  a  most  refreshing  drink.  Tamarinds  in 
water  are  also  mo.*t  (rrat«'fiil. 

If  alcohol  in  any  form  is  desired,  tin-  light  wines  diluted  with  wattT 
ari'  n-cotniiK'iidcil  more  highly  than  bwr.  Spirits  art-  j^'in-rally  con- 
demned, but  there  appears  to  be  no  valid  reason  why,  when  verj'  hii^ly 
<Ii1ut4>d  with  water  or  soda  water,  they  should  exert  a  more  pernicious 
infliiincc  than  wine  only  niiMleratvly  ext*udi-d.  In  aay  event,  alcohol 
should  be  taken  only  with  foml. 

The  Use  of  Alcohol  in  the  Tropics. — Writi-r*  on  iropiml  hygiene 
are  almost  unanimous  in  the  opinion  that,  whatever  may  Ik-  said  for 
and  a^ilnst  the  uao  of  alcoholic  drinks  in  other  climates,  their  uso  iu 
the  tropica  constitutes  a  distinet  danger,  and  that  much  of  disease 
commonly  attributwi  to  climate  is  due  actually  to  aleohol.  H-«iH'i-iully 
is  this  true  of  the  various  reiijd  ainl  he[iiitie  troubles.  Aceording  to 
Treillc,'  tbe  «iri«-  of  alcohol  is  the  chief  cause  of  tbe  frt^qucncy  of  ditt- 
easefl  of  the  liver,  not  alone  among  vit«itiiig  Bnroi>ou»s,  but  among 
natives  as  well. 

Dr.  Chr.  Raseh,*  sjMnkin)^  of  tbft  futility  of  talk  alKnit  Euro|tcftn»i 
gelling  iiwustomed  to  eiaitiinied  high  temperature  with  high  bnmidity, 
and  describing  the  various  steps  in  physical  and  menial  deterioration, 
to  eiiuntentet  whidi,  one  turns  to  uleohol  and  other  sttmidants,  says 
that  these,  together  with  insomnia  and  enfi>rc(Ml  lack  of  exercise,  bring 
about  a  general  atonic  condition,  or,  in  other  wonls,  a  lowereil  pliy.-«ii>- 
k^iuil  resistance  to  disuises  in  geneml.     l>r.  Brei  ten  stern,*  who  for 

'  Printipi'*  <1' UyBi^nt-  i-olonxnle,  I'niin.  18311,  p.  272. 

■  .\llg(;ini>inc  Zi'iiwlirift  filr  P"ychiMtrip,  1>IVI.,  p.  7>i5. 

'  Ilygiitiiu  iu  deu  Tru|>«ii,  MuOHlWH-hrii)  fQr  (.miuudh«il8pflei|>v,  ISSB^  No*.  7  tod  S. 
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twenty  ^'Mirf  nltvhI  11.4  un  amiy  siir^;eoo  in  tlw  Malay  AtvhijKliigu, 
(pvw  it  na  liiH  upinion,  ti;iw<)  on  Imkg  <t1i9i>r%iiti<>n,  Uuit  lotiil  alnli- 
nvuw:  from  nloohol  ih  far  [yrcfcnible  to  cveu  the  mt«t  modemW  itiilul- 
gence. 

A  writer  in  Manila  liiis  puiutetlly  n-tnarkMl  oiiDc«miiig  thi-  beallii 
nf  ttu-  Anioriiitn  li'i>i>|K  "  It  is  not  so  iniivli  the  diniuU-  tut  tlii<  fikv 
txittle  which  injures  peopli-  oiit  lii'rr,''  which  ^tutcment  If  comibumtfii 
hy  HiKiUii^r  who  IijkI  mwn  actual  service  us  a  niitiiUT  nf  h  i-mnisnj, 
many  '•(  whut-c  nn'mln-ix  \\\n:  tutiil  nii?'iuiin-i's  ami  ttw  rest  mmi-  ii|' 
»l'  mtxlento  drinken^  and  those  pmno  to  ex«'ss<«,  tlic  lattor  nui-linit- 
inp  '20  In  •»■'>  IHT  will,  lit'  ihc  whoU-.  <>f  the  lulU-r  cU»».  oiih  tnw 
rcturii4sl  home  in  iippivixinmt^^'ly  the  hildic  condition  of  ht^ilth  wliirli 
ihi-y  t-njoyiHl  at  tUv  tiint'  of  i-tdintuK'Ht.  Of  the  miKh-mri-  drinker 
who  w^iitiiK-il  tliL-inK-lvi-s  to  nmh  liouorb,  a  lar)P'  majority  -uffiw! 
more  or  It'^f  impairmi'nl  of  gcncnd  fiiiallh.  Hut  thi^  tiitul  ahstuioiff 
rHnnKti  nlinost  u>  n  ninn  in  cxn-llcnt  Ik-uIiIi,  having  cmhirtil  lli< 
euniv  hardsliins  of  an  active  taiiijiaign.  Tlwr  eame  com-spoiiilfiil. 
(•jK^ikhig  of  llic  far  j;iiiiti-r  liiiiin  indu<'C<]  by  tlic  ■■ti'onjjcr  ulcili'illi' 
drinks,  rcliiUs  timt  ho  had  repLiktcdly  seen  AnicHrun  sohliciv,  ufkr 
ti]H-ndinj|^  ^voral  Ixiurs  nndrr  itlu'licr,  drinking  round  afl<-r  n>unil 
withoiil  iK^rivjXihle  harm,  fall  ovlt  witii  all  the  ^yiiiiitoius  of  Hin- 
tlriikc  as  soon  as  thoy  stfjijK-d  into  the  glaring  my  of  tin*  liwl  sun. 

On  ihf  other  hand,  in  oiijxwition  (->  tlii-  fp-ni.-nil  o|»inion  luKvn*-  d' 
even  (he  niodfi-atc  use  of  ali-ohol  in  tiie  tmjiics,  Dr.  C.  K,  W'^xIniC 
L'.  S,  A.,  fidcr  a  raivfn)  mu'vi-v  of  th<-  conditions  olMaiTiing  in  ilif  Ptui- 
ippinra,  declares  tlial  he  would  change  the  stalcnw>nt  in  the  p-mnl 
onii-r  from  lKndi|niirtvrs  of  tin-  army,  July  2,  18i>s,  "The  lii--iofj"f 
other  armies  hat'  dcnionstmictl  that  in  a  hot  climate  alKliiH-nn-  fnmi 
the  »!V  of  iiiio.vicnting  <lrink  i>  l■.^scntiul  lo  contiiun-^l  htudtli  ami  ^'^i- 
civnc%',"  to  "  Expericncf  hiw  demo  nut  nitwi  that  in  »  hot  clinitil*'  tl' 
moch'ntle  une  of  inloxieatiug  drink  is  t^ssenlial  lo  (■ontimiixl  hrahbuJ 
cllloioncy."  He  tiwicrls  that  On'  alnio.<t  univvrtfil  drinking  miL-i  iwM 
U  nalnral  defensive  cravini;  occasioned  hy  the  It-prihlc  nervotis  exbaii*' 
tion,  a  true  ncui-nsthenin,  due  lo  long-c<>iMinu<tl  cx|)(»nrt*  to  grtnl  l>^' 
nut)  aInioKpheric  humidity,  indicating  that  waste  ii>  gniitcr  tluii  nrfoif- 
He  asseriis  that  men  who  wunt  no  iikitliol  at  boin*-  have  this  ilrfin- 
»iv<!  cmving  for  it  in  tin-  I'hiltppiucis,  and  ciu*  S|KintKh  anilmrilTtlnl 
n  iliuly  mtion  of  wine  has  Wi-n  found  n(-iv„-v'«iry.  Whiskrv.  «l»» 
suHinit-nily  dilnliil,  is  the  t^^^inlvaleot  of  wine,  iind  the  S-oU'li  nin>t^ 
is  repirdwi  by  him  as  superior  for  the  puqMNw  to  -Vmeriuin,  »te> 
aiHin  occasions  nansin.  Ikt-r,  liy  nason  of  l«'ing  oonducivr  U<  C^t 
diiirrhii'ii,  htwliiche,  ]oi«  of  iip[K'tile,  uiid  gi'ueral  dUtre«s,  Im^  rrj^i* 
n"  diftiiictly  luu'mful.  \\'hile  adviK-.tting  the  nm/lmilr  il-h-  of  sk«W> 
he  Wlteves  that  the  ntsulls  of  ahirse  arc  fiir  niori'  scr>otl»  thu>  ** 
home, 

Conocrninji  Ikvt  iu  the  tropics,  theiv  is  much  divergv-nocof  ofrin'""' 
(iotue  reg;inliug  it  u»  u  Mihmble  suft^iard  against  alHiae  of  i>tn<ii|.Tr 
'  Pliilwliil)>liln  Mnlii-nl  Juuniil,  A|>ril  7,  IIKKI,  ^  748. 
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alcoholicn,  others  agreciDg  w!th  WoodrufT  thut  it  '\a  humiriil.  It  is  said 
that  the  drinking  of  much  beer  followed  by  heavy  sleeping  predisposes 
to  sunstroke  and  heat  a])oplexy. 

Clothijllf. — One  is  advised  to  take  plenty  of  light  cotton,  linen,  and 
merino  underwear,  a  genenm.t  assortment  of  trousers  and  coats  of 
white  duck  or  iluunel,  and  light  merino  stockings.  High  Ixiots,  well 
oiled  and  with  hob-nulls,  laced  l)oots,  leggings  of  cloth  and  leather, 
and  light  footwear  for  indtxiruiid  city  use  should  be  includo<l.  Light 
waterproof  outer  garments  with  «i|>e  and  hood  arc  rccommtiudcd,  and 
for  pmtcction  against  the  sun,  white  umbrellas  lined  with  blue  or  greeu 
material,  and  spectjielps  with  green  or  blue  colored  glasses. 

The  head-covering  should  be  seleeted  with  the  double  consideration 
of  comfort  and  protection  for  the  h««l  and  neck.  The  material  of 
which  it  is  ina<le  should  \>i'.  chosen  with  regard  t<i  local  climatic  con- 
ditions. In  a  particularly  dn,'  hot  climate,  for  instimee,  pith  is  the 
most  suitable  material,  being  lighter  than  cither  cork  or  felt ;  but  a 
hat  made  of  this  matorijd  is  absolutely  worthless  in  a  wet  climate,  since 
ou  being  exposed  to  rain  it  absorbs  water,  becouies  exceedingly  heavy 
therefrom,  and  is  reduced  to  a  worthless,  shapeless  pulp.  Hats  should 
be  projK^rly  ventilated  in  the  crown,  and  there  should  be  a  generous 
space  for  the  free  |)ussage  of  air  between  the  head-hand  and  the 
mner  side  of  the  hat ;  tlmt  is  to  sjiy,  the  hetid-band  should  Iw  fastened 
to  the  crown  of  the  hat  at  only  a  limitt<l  numlHT  of  points  and  with 
intcn'cning  .small  pieces  of  wood  or  other  niat4>rial,  so  thsit  the  hand 
shall  keep  its  proper  shape.  All  head-covering  of  whatever  form 
ahuiild  afford  projier  protection  for  the  sides  of  the  heiul  and  the  Kirs, 
aa  well  as  for  the  fn)nt  and  back.  A  pu^ery  affords  additional  pro- 
tection. 

The  brim  of  the  hejid-covering  should  l»e  lino<l  with  some  material 
of  a  bluish  or  green  color,  as  a  relief  to  the  eyes.  The  outside  should 
he  light  in  color.  The  head-band  is  made  of  leather,  and  is  easilv 
saturated  with  perspiration,  and  then  hanlens  on  drying;  while  it  is 
wet,  it  is  exceedingly  imeomfortablc.  If  covered  with  fine  flannel,  it 
will  t)e  found  to  be  much  more  eimifortahle. 

Jackets  and  other  outer  garment)*  should  afford  perfect  free<him  of 
action  in  ho\h.  riding  and  walking.  The  Norfolk  jacket  is  a  favoritp 
form,  and  may  be  made  of  duek,  khaki,  or  similar  material.  It  is 
well  to  leave  a  few  inches  of  the  arm-scves  nustitelied  for  the  siike  of 
ventilation.  For  shirt.4,  a  mixture  of  silk  and  wool,  known  as  kanhinir, 
is  regardc<l  as  the  best  material,  l>eing  very  light  in  texture  an<l  |mt- 
fectly  absorbent.  Gauze  undershirts  with  short  sleeves,  or  with  no 
sleeves  at  all,  should  be  worn  beneath  the  shirt.  Ehistie  cotton  and 
jean  are  the  best  materials,  so  far  as  comfort  and  dunibility  are  eon- 
oerned,  for  drawers. 

If  one  is  to  do  much  riding,  it  is  adviswl  that  as  much  care  he  ex- 
pended in  the  selection  of  a  sadille  as  iu  selecting  l)oots,  since  cunifort 
ID  horseback  riding  in  the  tropics  is  very  largely  dei)endent  iiikui  the 
fit  of  the  saddle. 


TROPICAL  ItVOlEyE. 

Care  of  the  Person.  Tlw  irritnting  fft'wt  of  Iwt  wiiKld,  wltidi  fre- 
<)iH'iitlv  (virry  liiu-  [uirticlcii  of  hiiiiI  and  tliiKt,  and  tbe  ^lare  nf  tliif  mo, 
wliicli  •■i'iiiliii-i-.-<  I"  tiMiihli-^  with  ihi'  fVes,  t^lioiilil  Ih-  ^iiiinlii]  npiiiiH. 
N'lt  iiifivnui-'ntly  llio  larc,  tun,  art-  iiUVtUnI  injiiriiHwW  bv  lint  winil*, 
but  thvv  iiri'  i«.iily  iirott'cted  by  external  wverinjis  or  by  t-<>il"ii-wi«J 
pbi]r#.  Tin.*  now  iiiid  li[i!«  un-  subjctrt  to  rnii-kiii^  ntitl  imcwitf'irtalflr 
dryn««8,  which  may  be  bel|)ed  by  cold  croim  or  winie  siniiUr  ai'(ilica- 
ti'Hi.  Tlic  iiuiU  ^lioulil  be  kept  cloxely  [tared,  oiiicc  tbey  bcoowe  btiBit 
and  crack  ofi". 

The  fkin,  having  a  very  !m|H>rtant  fiinction  to  fulfil,  plxmld  U-  It'jil 
thoroughly  I'li.'iui,  if  on  iioothiT  uMininl;  but  btithirif;  in  tooi-old  wstiT 
or  for  tou  lun;;  a  tiiiu.*  lilionbl  Ite  avoided.  Parasite^  aboiind  in  tmpjix! 
oliniiitt-s,  and  Mlxnild  bo  lookt-<I  lor  on  tin-  ix'rKun  and  ri-nioviil  vriilmll 
cnrc.  Anionfj  thow  nmy  Iw  mt-ntiuncil  the  cbifpp,  or  jij^rger.  an  fiXfiiJ- 
in^Iy  trntdile-ionic  snuill  Hea  {Sftri-njtgt/l/u  jirtitirntti')  wliicli  hirr-w 
beiitsith  the  :>kin,  ixirticiihirly  nf  the  fcrt,  ait<l  bemnlli  iIr'  tuitk  At 
first,  it  caiiwp  only  itcldng,  but  if  not  then  removed,  uliaq)  jwiii  as»\ 
inflammation  ensne.  A  hidf  tTi^iNtonful  of  Howcrs  of  Kitlphur  inxiile 
tile  fhiv  U  ruiid  t>i  be  an  ellieient  preventive.  vVnother  ]ara»ite  of  far 
grejitcr  ini(Kirt;i»c<*,  «si«'i'iiilly  lo  the  lr«)()]if  In  tl»  Philippin^v,  i»  ibii 
which  iH-aii^ione  the  dhobie  iteh,  ivbich  van  be  avoided  only  hv  vw}' 
great  attention  to  jiersonnl  eUanliiiesfi  and  fnxpicnt  cliaiiizin^  of  nnll(^ 
clothci.  Tl  firvt  attaek'i  tin-  )K-rinetim  ami  uxilln-,  and  when  llii- miii'^ 
sta^e  (Minjicii  hy  and  the  iiifliini  nation  somewhat  sube>iil«-s,  ihi?  «*!" 
bcconif  rnblKtl  off  and  rwwh  the  feet,  ivlu-re  the  trouble  Spiwiil"  rap- 
idly, eauning  inten-ie  itching  with  ecmsequent  &crat«luug  and  ibf  p*il 
con.'iiipienecs  thiTcof. 

l>iarrbfpa  and  eonstipation  are  idike  to  be  nvoideil.  The  former  dn>aM 
be  ehiH'ked  at  once,  and  nbonld  on  no  ai-t-otuU  be  nlloutil  tn  e<iiitiniw 
without  treatment.  It  iw  ea^^ily  broiipht  on  by  improper  or  ill-w^kfl 
foods,  impiin"  water,  green  and  over-ripe  fruit,  Midden  clu>nf^«  b  tW 
weather,  mid  intern penin«c  Coni«li]intion  should  W  tLvtAiM  brt  tl» 
aetpiirenient  of  a  ve^itlar  habtt.  Sometimes,  a  eiip  of  tea  or  DoffK  *■ 
riiiin^  will  itt-t  lii-neficiany,  and  oalnxnl  nnil  eiairne  brokd,  figs  w 
|>nme?«  may  be  found  to  asi^iitt,  but  purgatives  and  eoenutta  dioulil  ^ 
avoided,  it'  iios.iible  lo  g(-l  along  wilhniit  tticm. 

Tropical  Diseases. — It  i*  Wyoml  the  km>[>c  of  this  work  uxtf' 
n)K>n  the  fiehl  of  tn>]>i<al  medieine,  but  it  may  be  said,  in  piiwrat.lW 
the  ili'M':!.''!.^  uf  hot  elirnate.-"  ai-e  rxeeeiiinglv  vnrktl,  S"*!!*-  of  tlKf*'' 
peeulinr  to  eertaiu  distrletfl  ;  Home  are  eMig)r?rated  fortnii  of  wb»(  « "H 
tlie  ten)]H-mte  xoai^  it^rd  ai>  niinple  maladi^^.  In  gtdiend,  it  nuvk 
m\<\  that  in  the  tn)pic*  one  meets  nearly  all  the  rlixeaeetf  of  tbr  M"' 
perate  none  phis  a  grejit  vnrietv  of  others,  but  some  of  our  iiw*!  <""'' 
mon  diw-nw*  may  1n»  verv  rare  in  ivrUiin  pittc.i',  Tliuti,  Hiiflrt  "''''^ 
and  d)|)htheria  are  rare  In  the  tropies  ss  a  whole,  ttiltpreuloct'  i^  "* 
in  parts  nf  India  and  eommon  nn<l  tpiiekly  Cital  in  other  |wri' '' 
the  tropio.  Itubtes  \»  mon'  eontinon  in  Imlia  tlian  in  EnghiiKl ''""l 
(he  vietims  are  almost  always  Eiin>]M>ami.      lA'prony,  bwi-bf^i  ^ 
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«lephantiasia  are  commou  among  the  natives,  but  very  rare  amoag 
EuropeaQH. 

Throughout  the  tropica,  dysentery  kiila  many  more  people  annually 
than  cholera,  and  works  greater  havoc  in  armies  than  the  contending 
forces.  Typhoid  fever  always  appears  sooner  or  later  in  camps  of 
soldiers  from  temperate  climates,  and  the  new  arrivals  are  commonly 
ob3er\-ed  to  be  the  most  susceptible.  This  disease  and  cholera,  accord- 
ing to  Freeman,  rarely  occur  in  India  during  the  hottest  months,  when 
the  burning  rays  of  the  sun  act  as  a  germicide ;  but  when  the  rains 
come  and  sweep  the  ac<simulated  surface  dirt  into  the  water  courses, 
they  quickly  appear. 

For  a  most  interesting  description  of  the  diseases  observed  in  the 
tropica,  the  reader  is  referred  to  Dr.  Patrick  Manson'a  J\-<^ical  DU- 
0jsex  (second  edition,  1900). 


CHAPTER   XII. 
THE  UELATIOX  OF  INSECTS  TO  HUMAN  DLSEASE& 

Al.TIIOL'Gll  n  (itip]ia<UKl  n.>Iattmi!«lii[t  tx-twivu  inn^ft))  Hitrl  tlic  tfimJ 
<>f  (liwafis*  liii--'  txi-ii  (■(iii.-i<Ii'«'<l  in  grwitpr  or  Iptwer  <U'lail  t>y  wnUr-'>f 
nil  tiiiii't-,  it  ifi  (iiiiv  williiii  i1k-  tiiDisI  iwiit  ynn>  ih.-it  lln.-  |H>fviMiniii- 
iH'rtirin  liiw  Ih'cii  rt-gaitlcd  ilu  eiilillnl  to  most  h-'WUh  considtrati'iD,  ]l 
ill  not  "tiiiiifp*  tlwt  tin-  Uin-  .-•tiitrJiionlii  (if  ntiwut  writers  nKici'miiiv 
the  iiifluenw  uf  fiiiM  tiu«]  utliur  itiMMrts  ai-  «li&»<-niinalorH  i>f  |Ja;!;uca«l 
other  (li-<casi«  wciv  not  i-oi-ivod  with  niiy  dc^n'c  of  iTi'iIcnw,  fiT  iioiS 
rcM'iit  ailvaiiL^i-f  iti  thi.>  fithltf  of  biidoriolo']^'  ntiil  jri>oK>Ky  niiitle  'I^^^H 
Kimliiiti  of  the  (^^iniKrtion  |H)!v<il>k-,  there  y\a»  tio  mon-  nusoii  for  M^P 
iii^  tliviii  thim  for  iiccc-ptiii^  Miiiilur  iin»U]iport<^'<I  ni'M-rtiuii)'  iiiiiiTTiiinf 
thi>  iU'tioii  of  Homls  niid  thingii  Hiipernatiirol.  Jtut  ax  our  ktxmMp 
4)f  the-  rXfiliii^  nkiL^t'.-i  of  tlixvi.-'i-.i  frrcw  will)  linol«-ri<^t>gii'n1  iili<)  ohIu)!)- 
c:il  r(>i^virch,  >m,  also,  aime  ail  apjirccintiun  of  t\\e  inct  thai  iIm-w  laoM 
«iiiM!^  might  be  diiiM«iiiiatoil  hy  iii»).t^>i.-<  and  utiicr  loM'«r  funii."  of  isi- 
lual  life. 

DUrcjpirdiiiii  the  not  infrequent  rpportii  of  eicknc-ss  mid  bntfc 
attribut*-*!  to  inwct-bito,  whidi,  mi  far  nc  one  inny  know,  niaj-  bn 
b<-eoin4-  sifondarilv  infected,  it  inav  he  mid  that  serious  atieiittiiii  w 
not  ihiiwn  to  ius^'ot*  wi  K^in'rii  of  inftvlion  tintU  tin*  wiriy  IHl's,  Xti 
although  Xott,  in  1848,  had  siigp-stecl  the  mwquilo  ae  a  ran*  <rf 
iiiahLria  imd  yelluw  fmvr,  nnd  Finliiy,  in  1.S81,  luid  aiwrlt'd  lliil  tl> 
latter  difL-aso  was  tnm^imiltcd  from  iiifeott'd  to  iioii-infei-ti^l  hub  I? 
thc?i(-  in^'ctx,  it  wiui  not  nntil  the  i-hising  years  of  the  cuutaiy  ll* 
thi-M!  tlieoricd  were  d<.'iiioii«ti'!ittiI  n(«  foireifl. 

The  insect*  wliidi  liave  been  roost  extcusively  fitn«lieH  aw,  mininily. 
tbow  whieh  hnvo  the  )nx^ite;<t  npjtnrtnnily  for  (NUitact  with  biKH 
Wings,  namely,  Hies,  Hens,  bedhiljcs,  mid  mos(|uitoes  ;  but  iA\M!li  I"**' 
Im-n  ihi!  sidyeet  of  nmrr  or  k-w  t-xii-nnive  inve.-tijpition  whirl  U» 
dfinouslnited  ilicir  capacity  for  conveying,  externally  or  williin  tbi* 
bodies,  virulent  baeteria  of  innny  kin<is.  That  iiiM<et^  comioK  in  (*■ 
Incl  with  miiterinl  ef>ntniniii];  jjdthopf'nic  bnoteria,  iniiyonnvey  tbf  ■•'* 
directly  to  wounds  or  food-stnffa  u|>i*n  whiob  they  may  al^it,  ww 
haiilly  to  be  deinoni>1nito<l,  whetlK-r  iln-  or^iiii-iiii'  arv  ndhemit  l"'* 
bwdy.  limbs,  or  pmhoseiB  ;  hiit  how  lonje  the  loicteria  may  retain  ^ 
viruleiioe  duiing  nirringe,  wid  whether,  if  tnk<-ri  into  Iho  inoKT'^  u^ 
mwitnry  (anal,  thiy  «in  «un-ive  the  prooesa  of  <ligi-»1ton  luid  l«^ 
eharKed  in  the  fieces,  can  ho  dct'Tunned  only  by  dinot  (anicrid''»' 
an<l  it  wa.*  with  Mich  |ir<>hli-ins  ihiii  ihc-  find  rMcurchtv  on  iMnpw* 
of  iuitect((  in  the  tnuuuni^ioii  of  di-iyse  were  eoigaged.    Jtb*'*'* 
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fiinnd  thnt  certain  specim  of  bcictcrm  arc  <]!gogt«l  br  certnin  ituH<cte; 
bill  it  must  he  biinif  in  mind  in  jinu-tiM.-  llmt  tlii^  xlioiilil  ixit  Ite 
acceiitcd  a^  the  inevilublc  iir  even  nsujil  rrMilt,  Cut  iiltlKiii^)!  (lii'.",  fnr 
cxiimplc,  will  (ligtvl  ccnaiii  badpna,  ihey  t'aniiot  alwiivs  he  tleivciided 
ii|ii>ti  to  <l<i  Mj,  mill  ninv  i.'\('ivl<'  thi-iii  with  otlicr  tiiiilij;!'-'' (■.'<)  tinNt. 

Ihtiides  triiiwniittinj;  spwritic  iKicteriii,  th*-  inhpct  world  ii*  tviiitoiir'iblQ 
fur  thv  fpnwl  of  |inni.-<iti(^  iii^uu.->ni>  Itclon^in^  u>  tlic  tiniinnl  kin^lom, 
HOW  n^oiiriiizL'd  a"  tlic-  cuu!«l¥  oI'  itiulurlii,  filariai-is,  uuU  ydlow  I'l-vct,  ua 
will  be  ?b(iwti. 
k  FUES. 

Alth'>ii);h  the  ixus-iibility  of  the  ^prciul  of  such  iIiauim's  as  cholcni, 

dywm«?ry,  and   typhoid   fevor   wa-t  <iwiioiiftnit<Hl  h-h  early  as   1><!H!, 

tbu   iniitttM-   did    tiol   rvocivc   [urticuhir   iitti^ilion   until    the   unnt<uui 

pm-alenu!  of  tyi>hoi(l  fever  in  the  great  militar}'  mmpi^  in  (hr  .Si>nth 

in    IH8S  wiif  in:idi'  the  .■•iilijcct  nf  a  niiffiit  iinjuiry,  whitli  Icil  to  llti' 

MincUi-^iDn    that   the   <n'cu(   swiirms  of  Hte»  whioh  inre>t<.-<]   (lie  eniii[M 

wen?  largi-ly  n-sjM)ii.-«ible,     A  (i(-Ti<w  of  interenting  ('SjierimeiiU  on  the 

jtiibjed  of  infi-ction  throii);b  the  ageney  of  H'lvn  wu»  oundiich'il  by  Sowi- 

oheuko'  with  pure  ciilmre^  of  cholera  baeilli.     The  ijaeilli,  feA  to  two 

kiiub*  iif  tlii'^  wi'ri'  foiiiKl  in  tlit*  eMrrela  and  bowi'ls  a><  lule  u»  four  duvi 

aft^r  inp'ifttoii  ;  removed  on  the  third  (hiy  and  inocnlnled  into  gninea- 

pifT*!  they  wt-fu  found  hi  be  ili  actjvv  il-*  the  piim  ciiltinv.i  (hem selves. 

Situilnr  results  were  obtaiued  when,  ini«tmd  of  pnre  cultures,  the  di»- 

cliari^  of  fhob-ni  paiientK  were  eiH]»loy(iI  a'^  fewiio):  material.     Some 

of  tlte  exjXTimerit*  jndiitiit^t)   ttwt  the  bm-illi  priilmbly  mnlHply  wilhiil 

the  fly,  whieh  thus  aeta  as  a  bn^cder  and  ilistrilmtin(r  agent  at  the  same 

tiiiu*.    A  fly,  uiiu^ht  in  the  imtopfV  rmim  at  lianibiir);  ihirin^  tlie  gniit 

cholera  epidemic  of  18II2,  was  exnminetl  by  SimmomlH,-  iind  yielded 

nutiii-rous  l)aeitli.     This  mi^-HtiHl  an  ii)i)uiry  into  the  Itmgtii  of  time 

tbe   iMiif-in  <«>iild  n'l;iin  it.-i  activity  when  adherent  to  flyiiifj  iiiweirt*, 

■ml  exi>eriment  sliowetl  that  it  remained  virulent  for  at  liat-t  an  hour 

auil  n  liulf  lifter  drying.     Snrp-on-liencml  Sir  Willinm  Moon-'  diew 

attention,  in  1893,  v>  the  fart  that,  in  India,  flie^  abound  most  exten- 

iiiv(dy  dnni)i(  the  lime  and  r«ai.*on  nf  gniitest  po'viihiiee  of  eliohTa  ; 

he  suggiMni  that  they  might  net  as  carriers  of  typhoid  fever,  plithisifs 

sikI  ophthalmia.      He  inr-taneed  an  cjiidt'mic  nf  antlmix  spnw)  by  fli*-!* 

wliich  bad  coven-cl  the  i-iiiva^-*  of  »  ilog  thrown  into  a  dileh.     It  ap- 

IMiLt!'  tliat  tile  Specific  Imeteria  of  this  disease  resist  the  digestive  proc- 

■M,  niid  mny,  (lu'refori',  Ur  deixHitol  from  the  external  siirltioi-  or  in  the 

pBces.      Ae^-onliiig  to   Xnttall,'  who  wac  the  first  to  present  from   the 

extNtnlingly  smtteiiil  liteniture  a  general  view  of  the  part  played  by 

iusoctt  and  other  low  iVirmK  in  the  tnuismiMion  of  hnmnn  and  other 

dueoflcn,  flies  ilo  not  convey  anthnix  by  biting,  but  may  Itecome  crushed 

Upuu  llu>  skin,  nnd  ihiu  ennvey  the  orgnnism  !•■  the  umind.      From  » 

'  (Viilniiynn  fur  ItakirrUloK>i'  iii'l  rnra'iu-iikiiiirli'.  XII.,  i<.  n^l. 

*  lli-iil>«lic  iiiciliciiiLi'lir  \ViK<lifTiM.'liri[i.  ItlVS.  No.  -II. 

'  Mcli™l  Mnnaiiiw,  .lulv.  rnVX 

■  Juluui  l(o|>kIiiii  lloipiial  KwporU,  Vin.  ( \9W),  No*.  1  «□(!  1^  p.  1. 
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study  of  tlic  uuw«  dtetl,  it  aiipiwra  likt-ly  that  iu  many  iiutancn  Ifae 
HjMXtiBc  orgnuit^ui  may  havu  been  present  on  the  iikin  jirior  to  tbt 
ttilvfiit  wf  tlio  tly  nr  olIiiT  iiuMX-l. 

All  iDiilatic-e  of  »<tr(>iig  pmiutiiptive  evidence  nf  an  oulbrcuk  nf  cliulm 
tliniiigli  tile  n^'m*y  of  liit^i  i.-*  riirnifluti  liv  Bitfli:iiuiti,'  who  relate)  iJU 
in  Juite,  IK'JtS,  ^l  ca^es  ot'  tlic  tliMai^c  <x'ctirn:il  in  Itmtlwan  jail,  whcKi 
]iriiir  to  mid  n.fU)T  the  attnck,  tiierc  wij^  exivptitiiial  frwdom  from  bovd 
or>Di|ilaiat«.  Tlie  waler  mipjily  vcjm  above  sui^jiidoi)  and  was  tl»e  niut ' 
IW  all  tilt'  imimtfti,  who  htiinbcn.!d  IW,  nn<l  wre  ilividtd  luto  ivu 
groups,  the  onlimiry  prisoncns  and  the  '*  inlinn  ganj;."  The 
worktvl,  nk'pt,  and  a.-tHoeiiittd  ^nenilly  with  tlic  fomH-r,  hut  tiidr 
wui-  cooked  »|>eeiidly,  uiid  they  were  Jttl  iu  u  m-parute  pUice  in  Uie  W 
pital  eonipound.   The  ordinary  prisoners — and  it  wan  among  thear  dal 
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a*Ha  JlT^  WCnC-ATTMHED. 
OtHQ  IT  B  eSCA^tO, 

FUui«lKi«i»)4>of  Burdwan  JaO.  irli«rg  ehiilraa  Ji  nippoiod  toharabceneanltdbrK* 

nil  tile  «i»w  occurred — Iind  th<ir  f'«>il  pi-ct>iir('<l  iiix)  wei\"  fid  i"  ™ 
extreme  opposite  eonier,  iiiagoiuiUy  from  the  ht^qtitul.  Over  iIh  ™' 
at  their  comer  wt-ri-  u  dcnertwl  »iin|N)iind,  and  a  row  of  dim*  ln» 
where  ehulers  had  existwl  diiniijr  the  preeedinjt  year.  At  tin-  liiOf. '« 
eity  wn.H  inorv  tlian  iiKimlly  iiifi-^uil  with  swaniis  of  die*.,  aiid  jasi  N"^ 
the  outbreak,  a  storm  had  oeeurred,  during;  whioh  a  ■'Imng  E.^■t 
wind  blew  »cTns»  tlie  jiiil  yanl  frx>ni  the  hicalily  mcntioDccL  All 
wlwi  wiTC  iK\xiA  were  among  tJiow  who  were  known  U»  liaw  hml  tli'^f 
evening  ineal  m  the  etirncr  (luring  the  storm,  and  it  wuf  b*'li<'Vtd  "*' 
swarms  of  fllca  were  blown  fmin  the  ImtH,  and  on  rtitehini;  the  'n" 
tind  eiirner  of  the  high  jail  null,  obtiiined  t^helter  from  tin-  stomu""' 
»ctlle<l  iijion  the  food  exjxiM-tl  iu  the  philen  l»pf<)rc  the  galip-  ''"' 
accompanying  Rgurc  sIiowb  the  relative  |H)«ilionit  of  the  two  gaiijp  «' 
<  Indln'i  Mtiliml  (.luwtOs  MaiT-Ji.  IIMT. 
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their  niml,  aiiij  of  ihv  coJm]K)iind  am)  hiitti  fmm  which  the  flien  were 
itiij>)K)iicd  to  have  cunte.  The  ev'idciico  horu  U  piirvly  cir<.-uni)^tniituil, 
bill  it  i"  ti'  Iw  iiiit*Hl  ihal  nil  of  the  sifk  lidongwl  lo  the  nanie  piiij^  ;  that 
all  hiitl  bwii  more  timn  a  imnilli  in  juil,  oxw|»tinf;  '2,  wIki  IkhI  ImtO 
ihcn'  ;*(-vi'ii  and  twelve  chiys  ivsixcti^eh- ;  tluit  iIktc  hud  b«t'ii  no 
prLvalutiui-  of  iliarrtiiiai  bctiirf,  during,  or  at'k-f  tin'  oiithn'iik  ;  that  thu 
water  and  milk  sup]>ly  were  the  same  for  all,  luid  that  iht  outhiv^ak 
W!t>'  vcrv  liniiUil  in  i'J[ti.-iil. 

The  ability  of  flies  to  infect  food  was  well  domwistnited  iu  1SU2  by 
UllV-liiuinn,'  who  allowixl  a  ilmh-ni-infift'tid  Ay  u>  drink  tVimi  a  ^'lu.'vi 
of  sterile  milk,  and  then  shook  tlic  latter  iiud  kept  il  at  70'^  F,  for 
sixteen  hoiir^,  at  the  end  of  which  time  each  drop  coniaiiied  about  a 
hiin<li'ed  or^inii^iiiH. 

The  pivvaleiiw;  of  tvphoitl  fever  among  Euro|M3ins  in  India  lias  been 
liHribuI*''l  by  Snrfjeiin-Mnj'ir  Biittcr<by  '  to  thi- ap-iu  y  nf  tlio,  .'iniv, 
year  by  yesir,  outbreaks  occur  which  are  mowt  difficult  or  inipuiif-ible  lo 
tratx  lo  a  wiitor-bonn;  cuii^M.',  the  wuter  supply  Ixnng  in  many  iu:<tanct:it 
iibove  Kiuipicion,  and  oven  of  exceptional  purity.  Duriiii;  our  war 
with  Sjiain,  iiiveslipition  of  lln>  gri'at  |)ii'V;ilitnci!  of  typhoid  fever  in 
the  large  eanips  in  the  8i>uth  uhowcd  the  Hbuiid:int  u])pwrliinily  which 
exist-i  for  inflation  by  rtii«,  and  di^nioniitrated  the  necessity  of  thrjruugh 
winip  siuiitution, and  of  excluding  them  from  eonbict  with  b<ith  cxorvtu 
and  fiK>ds.  Visiting  the  "sinks"  at  one  time  and  the  mes^-tables  at 
anotlicr,  thev  li;ive  the  wiil(!st  opjHiriunilv  for  spivjidhig  iiifri'tiim. 

The  prewnei^  of  phtgue  Itacilli  in  the  intestints  of  fliia  has  Wea 
dcm<>nf<tnitcd  rt-peatodly  withbi  recent  yoai-fi,  tirst  by  Yen*iu  iu  lSit4, 
who,  noting  the  lai^  number  of  dead  flies  where  tlie  victims  were 
bi'int;  »lltl)p^iI'd,  i-rintiird  one  fly  and  imicnliilt-d  it  into  a  gntiKti-pig, 
which  died  of  the  disease  in  forty-ci;iht  hours.  Further  in ve?- ligation 
sihowi-d  till-  b;ioilli  jm'nent  in  the  intestines  ol'  the  living  lly,  and  li-d 
to  the  eonclusion  that  they  aittuiilly  multiply  therein.  Xuttall '  proved 
that  flies  may  carry  the  dii/tease,  and  that  they  themsetv<-s  tlie  of  it. 
It.  is  intiTi'stiiig  lo  mil*;  that  the  .■"tatenients  of  Mirly  writerii;  to  thiB 
effect  were,  therefore,  corivct.  Most  of  these  were  vagne,  and  gave  no 
intimation  of  how  the  contitgion  wii,»  earriol ;  but  a  Venetian.  Mer- 
eiirialis,  in  1577,  wrote  (£lc  I'tntUenthi)  tliat  A'k»  go  to  inftx^ted  houi«^'>, 
alight  ujmn  the  iniek,  and  thejt  omvey  the  euntagion  to  other  hoiim.-» 
anil  dep<isit  it  on  breiid  and  other  fo<Ki», 

Tliat  flies  m;iy  play  a  jiart  in  the  spread  of  tiilxTi'^nlosisi,  t<K),  wx^ni* 
pmlinble,  for  ihe  sixrifie  bacilli  have  it'iM.iitedly  been  found  in  virulent 
conditlinii  both  iu  their  intestines  and  in  their  exerements.  They  arii 
believed,  also  to  ciirry  leprwv  and  variona  eonjnnetlval  diseju<<^¥. 

The  larvse  of  the  common  house-fly  are  sometimes  found  in  the  ali- 
mentary tntet..     'HiiLs,  Ciihen '  report.-"  flnding  thi-m  in  the  dtjeetioni* 

'  BiTlini-r  kliiii*.>hi-  W.H'lii-iiB.-lirifi,  IS',>>,  ji.  1213. 
'  Brilixli  Miilicul  JminiHl.  Aukuhi  IU,  WJ->. 

UVninlblrin  lOr  BoktcrioMf.  I'U-..  XXII.  (IS971.  No,  4.  ami  XXlll.  (18US], 
No.  IS. 

•  DvuliwbH  iuiiilic!nl«clw  Wochenm-hi-ift,  Mun-h  24,  ISOa  — 
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of  u  nui^iiig  infant,  the  nva  Imviiig;  pmlably  been  (lepositn]  iii  lu 
mouth ;  anil  ]W-hniiiiii) '  loiiiifl  tlutii  in  the  voiiiititH  of  a  liani  ilriiikn, 
mil)  ktpr,  arter  the  adniiuistnitiuii  uf  au  inl'dstun  of  |>yreUinuu,  in 
larp*'  iiuiiiIk'I'!'  in  hi"  fuM'i'^. 

Klios  tiiiiv  Jil«o  iRiiisjHirt.  ihc  vj^P  "f  Tirniit  noduin,  Tricofrphnlur 
diiijtttr,  jUeitrit  lumOrhoiilm,  aiul  other  [xinisik-!*,  iiiid  ik-ioRitt  them  uu 
footltf. 

FLEAS. 

In  1898,  Simondii'  atlvancnxl  tho  i<k«i  that  flcae  from  rats  sick  uilli 
I>|ji^it<-  might  »)>rca(l  the  <liR(«im?  to  nthiT  rattt,  iiti<]  uvvti  In  nitia.  \h 
foiiixl  th<;  K|K'('itio  biiiilli  in  i<nrh  Ilia)*,  a«  <li(l  uIm  Oi^iita.*  But  .Niii- 
Ijill  •  lm»  ^h<)W■n  tliut  llcab  chi  not  inttoulut*-  hacti-riii  whi-n  th"'v  I'li*,  Imi 
by  Mii'liini:  n-inovi-  uny  uh-twly  {X-fncnt  iit  th<^'  imtnt  ol'  .i{i|ili(iiti»n. 
III!'  cxtK-riini-titi*  wt-rc  iiiiuh>  with  lluai^  fouiul  on  iiiitv  uiok  wiih  initlinii 
mill  luiiiirte  ^^eptiLwrnia,  and  ihcii  tnm.'ift-rn'il  lo  hmlthy  niitx'.  Tlirn^ 
»nhi«  vn-iv  ncjpitive.  In  otht-r  p\|)ei-imt.'iitti,  fl«in  v-vre  \iia(t<l  a\"V 
healthy  mirt-  froni  which  thi-  hnir  h:ul  lnvn  iihiivttl  in  .-|»')t.-s  wino"" 
lllithntx  biifilli  wi-iv  snii'aiwh  IntliviOmil  aninmls  liilti-n  by  n»  iiinm 
tm  eight  flciiii  tiiilcd  tn  Ix-oimo  intU-ttHl.  I nix'iiliition  int'i  bi«llhy  aiii- 
miib  of  the  ori^iinti  of  Il(^u<  infi^-ti.'d  with  nnllinix,  mou)«  ifV|»tinFniii. 
and  chickvn  choleni  eight  hours  tOU^r  iiifwtiou  gnvp  ne^live  n^iilt-- 
Ile  (.'onidiidtsl  ihiit  infctiiiiii  by  ilviu  c-jin  octiir  only  w)H.-n  the  pcT>'iU 
bitten  F:hi|K:  und  crur^lies  t1i«.-  io^ri,  ami  then  M-mtdH^  thv  ^\'^- 
Siimnnl'^  [iiijicr  ^m*  iLviiileil  by  lininii  (inlli-Vtilcrio,^  wIk>  <'<inIi'iH]' 
that  Sinioiid  tailed  t»  dij-tiii^nisti  between  tlie  flea  n-hirb  attack-"  t"^' 
and  that  Mhieh  infcutii  rate  and  nii<'C.  Of  48  R[M-ii«  of  (viinnxin  ^tv, 
a  infcrt  nit^,  innl  ul'  tlwav,  but  '2  will  bite  num.  One  "f  liw  Isffi" 
{J'ulfx  m-rnrtirr/ui]  is  not  <-ommt>a  (Ml  TaU,  and  thu?  other  (P.  einoMi 
will  not  bite  n-ailily. 

Nuttnll  •  Hpeakn  of  the  possibility  of  tranMnt^sion  of  Titnin  fif*- 
iDerhifi  thi\)ii(ih  fl«i».  The  lulnlt  wurtn  i*  found  in  dop,  noai*ii>niil!.' 
in  eats,  and  ciirelv  in  man.  The  hiri'id  stage  is  found  in  d<.>i;  Aiiu^  i*' 
licf,  and  even  in  the  llm  that  infiwlrt  man  I /*.  imMit*) ;  lint  l!"' 'I'* 
flea  is  the  usual  host,  and  may  earn-  a*  tnimy  a»  50  \arvn:  U^ 
infi^t  llieniM'lvf^  by  <lc\'onrin^  their  Qata  anri  lioe,  and  childrtii  i>i>,*' 
bfe«inie  infe«ted  by  playing  with  and  kirvinf;  doipi.  tlie  vermin  Uinf 
nneonseit'iisly  Hwalhiwwl.  The  lar\'se  are  libcmtwl  in  the  inl'tOW 
tlinm);!)  difii-stion  of  the  Imily  of  the  in»(wt,  niid  tlwy  llu-n  exrjp** 
and  take  on  their  definite  form. 

BEDBUGS. 

Bnt   lev  cases  of  tnmMni.-vinri  i>f  disi-nsr  by  tHvllMipi  are  kaouii. 

Niittall  quotes  Dew^vpe's'  rf])ort  of  a  <?ase  of  transroiwiiiin  of  ""'*' 

>  DeiilKcliv  oivdifinlaelii-  MmliciM-lirifl,  Miir.li  3t.  18i>a 
'  .Viuialw  Ac  rinililul  IhiMi->ir,  XII..  t..  (Jiyi. 

*  (i-niralMnM  Wr  RnkKrl'il.^Kii-,  cic,  XXI.,  p.  "09.  _, 

*  lbi.).^ni.  XMI..  IX  1^:^'..  '  nildein.  Jum?  *.  >^ 

*  Jiliii*  lloiikiiu  IIivijIuiI  Iti-iMrts  VIM.,  Nw,  1  •nd  S, 
'  Rnvrn  'h-  MMwcine,  XIU  1«>2,  i>.  tUI. 
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cnWijt  »ft(T  <lixinffCtion  of  a  mom  in  which  n  yniinfr  mnn  Imil  diiyl  of 
tho  (Hmmsc,  After  the  itrocew  was  i/iiiiijilrttil,  the  n>om  ami  bed  wore 
uc('ii|iioil  by  a  lipiitlicr  of  the  tleeeasixJ,  iiml  he,  uki,  iliwi.  Iiive^tigiilinii 
sliowed  hiti  body  to  be  much  bitten  by  bt-dbii^  tind  the  bed  tu  be 
swiimiing  witJi  tJii-  vermin.  At  thU  time,  the  floor  was  swilLd  with 
s|iiitum.  nnd  hsttJ  imt  Ikx'ii  cl«intil  iVir  many  wcek^  Tlic  oiniU>nt»  uf 
;10  binp-  wi-re  iiiculateil  into  :i  guineii-pips  with  positive  resulta  :  all 
died  of  tiibercniiisis.  Virulent  luiciUI  wen;  ubtaiuud  from  60  i«.t  whU 
of  the  bugs  examined. 

Niiti;iir»  exjH-nitiiTil.'*  with  bedhiiiHs  were,  as  with  flens,  m-pitive  in 
results.  Allmved  to  bitt-  nnimidK  dyiiiK  with  or  de!i<l  from  imihnix, 
ohieken  ehiilenv,  and  mmi.He  se|itiojemia,  and  then  transferred  In  bciilthy 
mire,  tbey  «ui»iil  no  niekncs,*,  lUlhongh  10  miw  were  bitten  by  I'M 
infected  bngs.  The  dejertionn  of  thotw  fetl  on  anthrax  blood  eontjiined 
living  but'illi  onlv  thiri»(T  tin-  first  tweatv-fonr  Imnrs  «fti.T  fe'.ilirijj, 
Inoeulations  with  their  viseeni,  however,  were  uniformlv  sucee.K-fnl, 
and  it  is  pniimble,  thi'n'fon-,  tlitit  iiifiHtion  may  omnir  when  the  h\ig  is 
eriishetl  where-  it  is  bitinj;.  Muhlinfi '  iiRrcee  that  no  iJanger  of  infection 
18  to  b<*  appn-hondtxl  from  either  bedhngit  or  Iwehes,  Ixith  of  whieh 
siiek  without  iutnjdurinfj  iinythin[;  into  iht-  wound,  ilud  will  do  no 
harm  so  long  an  tiiey  are  not  eruched. 

MOSQUITOES. 

Certain  genera  of  mn))[|uitiH>)<  liave  been  definitely  proved  to  l>e  the 
inti'rmwlint*'  wiiiw  of  several  of  thi!  most  disastrous  Inmian  siiiiirge-*!, 
and  their  eonneetion  with  others  hxn  been  i^up^'steil,  (ind  miiy  at  any 
time  beeonii'  demonstrate"*].  The  di^iea^ea  which  have  been  di-finiteJy 
eonneetfd  with  these  pcwt.s  art-  nudiina,  yellow  tii'ver,  and  ltlHrias.ii>. 

MnHqnit)ie_><  appear  to  be  nbiquitou»t ;  they  are  foimd  not  alone  in  the 
torrid  and  temjK-nite  wines,  bnt  in  the  iirctitr  regions,  when-,  tuvonling 
to  good  authority,  they  are,  in  their  »en*on,  even  more  of  a  peat  than 
in  wiiniiiT  1iitilude.-<.  In  SiiK'Ha,  tbey  hiliernate  under  thit  moss ; 
and  in  all  inhabiteil  plaees  they  hibernate  in  eolliir^,  outhouses,  and 
othi-r  retreats.  The  larvae,  also,  may  hibernate,  being  frozen  in 
the  iec  on  the  iippniiieh  of  winter,  and  able,  when  thaweil  out.  to  re- 
sume growth,  Gorman"  found  living  larvie  in  water  Iwneath  iee  at 
Pr<iviih-nee,  R.  I.,  in  Dijeemlx-r;  and  Wright*  (bund  AuojMf"  litrvie 
benesuh  ice  in  A  ben  ictus  hi  re.  Nattall  has  known  lar%'a?  to  live  from 
seven  to  eight  months.  The  adult  mostpiito  may  Ik-  found  in  the  open, 
even  wlim  the  weather  is  wintry.  Thu".  .Sterling'  siw  nioM|uiloin  iit 
Maekimiw  in  Mareli,  1S4-1,  when  snow  eoverwl  the  gronnil  to  a  depth 
of  two  to  four  fci.'t.  But  it  is  onlv  in  warm  weather  rhat  Miosi|iiil.iLie'* 
appear  to  have  anv  part  in  the  transmission  of  di'ieat'e,  for  temjieramre 
ha.^  verj-  great  iu)luenee  on  the  life  and  deveIo|Mnent  of  the  [liir.isites 

1  C.'iilmlMiin  fill-  Tliikti-rioliiKie,  i-tf,,  XXV.,  p.  TO.'!. 

'  Joiirnul  of  llie  UuMiiii  S-itli-lv  iif  lli<^  Mcrlloil  ScIkucw,  V.,  p.  330.  g 

*  UniUh  M<ijii3il  Joiimnl.  Apii)  13,  IWl,  p.  I^^  I 

'  Iiiwci  [.!(<',  [IT..  II.  403.  M 

m 
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whicli  th<.-y  sprtnil,  mid  tifxti)  tWr  own  lu^ivity  iint)  iiK-linnlioii  to  bite. 
Tin-  jinra.-iiti'  of  the  tni)H('a1  »rtitiv»^utiimnal  tyjM?  nf  muliiriii,  fnf 
txunijilu,  will  fail  t<>  ihrivt-  in  u  l«-nipcratiirc  itiit  l>«i  low  fiir  tliiil  nftto 
tertian ;  «nd  tin-  lalter  will  nut  live  ut  65"  F.,  wbic-h  U'm|>cratuiT  b 
nut  too  \ow  for  tlml  ttf  t)ie  ijuartan  ty]>t'.  Miihriti  mn-ly  (J('Vrliip> 
below  58"  F.,  Jiiul  U  «ini|ilfk'l_v  i'li(vk»il  iit  S'i*^,  at  wliicli  Icniiitraiiin' 
niuiuiiiitiNS  nn  verv  ttliiggisb  unci  «)o  not  bite. 

Wo  havi-  in  tliiw  TOUntrv,  luxHinling  to  I>r.  I*  O.  Howranl,'  SJ  E»-iiei 
of  iiio»i|iiifoo«,  re|>reseiitwl  bv  abwnl  24  Fpwies,  llic  liirgcr  nniiiU-r  itf 
wliirli  Munt;  to  the  f^'hii^i  i'nU-x,  iiiiil  »rc  <jiiitc  luiniilif^.  Wt-  luivr  3 
4if  tito  K  or  niotv-  6|M'uivf  of  mil  111  riH-lH-u  ring  Anojihdrii,  and  Sltyomyia 
fnneiala  (foriiKTly  known  sh   CWtw /fMc/uiiut),  tl>o  mrritfr  ot'jrdlinr 

fi-ViT, 

Mosquitoes  and  Malarift. — The  indigenouD  malnrint  ^pccitn  an  u 
follows ; 

1.  Anofiuttt  mnevlipmnU  (A.  ^uudrimacttlatue,  A.  darifftr)  (fip. 


Pio.  loa 


Fio.m. 


tfSi^ 


AHOpSilei  maevUpitmit.   31«1«- 


jliupMn  HMf^pmib    r«M)i- 


100  and  101)  luw  tin-  "doiiplcxl  wings"  dfcmbvd  by  Rin^.     IVialp 
•re  liliirk. 

2.  Anophtif*  pMiirlijifnniji  hw  ii  yellow inli- white  b|>o*  ex«rt«|'f 
alM>nt  three-fimnlis  of  the  length  of  the  front  mar^ii  of  ibf  «™f 
(Figs.  102i«i(l  XWi.) 

3.  Anophtles  crucMnn. — Tbc  ^mleti  of  the  Inst  wing-veiii  ore  ww"' 
markcil  with  thriT  lilitok  .■"iMitj'.  The  jmljii  im-  miirked  witJi  w'""  *' 
tile  liasM  of  the  last  fmir  joints     (F^Rs-  '*^-l  "'"'  lO'i.) 

-•I.  iMicu/ipcnnie  and  .1.  iinnrtipnini*  are  dititribuled  vorf  ww®?' 

■  Ucw|Ul(uc»,  Nvw  York,  IVUl,  ]>.  23a 
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(x?iug  fouod  ill  greater  or  lesser  ubundaDce  throughout  the  country.  The 
fornu'r  \»  the  most  cuniiuon  Anopiidcs  in  the  malarial  districts  of 
.Vtriat  iiiid  Southern  £uro{>e,  and  is  found  iu  Great  Britain,  Germany, 
France,  and  elsewhere. 

Fio.  102. 


Anophda  pimelipennii.    Male,    (ARer  Howard.) 


A.  cniciana  is  a  Southern  form,  believed  to  be  the  carrier  of  the  per- 
nicious, tropical,  eestivo-autuninal  fever,  but  not  the  only  one,  for  in 
St.  Lucia,  for  example,  wliere  the  great  majority  of  cases  of  malaria 
are  of  the  pernicious  type,  the  common  mosquito  is  A.  aihipea. 


Fio.  103. 


Anophtlti  ptmttiptniiAi.   Female.    (Alter  Howard.) 

Unlike  Cu/ire«  and  I'^egoviym,  the  Anopheles  do  not  breed  in  rain- 
water barrels,  trotighs,  cisterns,  tin  cans,  pitclier  plaiiti^,  and  other 
small  receptacles,  but  in  pools,  pud<l]es,  ditches,  canals,  and  other 
biMlics  (hf  stagnant  or  but  very  slowly  moving  water.    The  lan'te  thrive 
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in  cUnn  or  foul  vrulcr,  \rut  not  in  ttut  wliioh  in  »a  Foul  ax  to  stink  1 1 
cannot  livo  In  salt-  or  veiy  bravhii^b  water,  uor  when-  tiwn.'  «  nipiilj 
movi-niciit. 


JnaijA^fn  (nMaH.    MftlC 


It  ia  only  tlic  fiiuiilc  iinapio  tlvtt  tiucks  buinnn   bbtcx],  and  At'ny 
uctivo  oiily  at  night.     She  enters  tlwdlings  about  Euodovm  or  l»Wi 


FtolIOG. 


An»pAiie*  rrnrlaiu.    Ttmila, 


and,  iinlcM  leaving  Morv  morning,  rnxkn  out  die  darkest  corn* * 
which  to  p&SK  the  day. 

According  to  Nultall,'  AnnjJuhti  arc  attmctcd  viiri<)U»iIy  bj-tlil'^ 

>  Britwh  Iktmlicil  Jnurrul,  Si'|itprabH'  14,  190],  f.  MSt 
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wilor*,  imvy  blue  being  tbe  most  altraotive,  followed  by  dark  red,  red- 
dish brown,  ewirk't,  blucrk.  iiiid  »Iu(f  gniy-  Yfllow,  <>rmi{'is  wliitf,  ami 
tmlire  (imvi^  lo  atrract  the  least,  .loly  U  quoted  as  staliiijC  'biit  luos- 
iliiitoe^  ill  Miulii^iHi'^ir  :tn-  atliiiottfl  iiiori^  to  hiiiwu  tliiiii  U>  rn)  ^oil  or 
wliite  sand  ;  thai  weinvrs  ol'  black  shoes  and  litt-iekiiipi  arc  bittwi  more 
than  those  wliu  wi-jir  wiutt^ ;  that  black;,  ure  bittfii  mort-  Uiau  wliitt?^, 
Slid  black  dogs  tlmti  yellow.  Niittall  noU'd  in  his  ox]>('riTtieiit«  thai, 
while  the  iniit(jiiii's  rnijuentiy  flew  up  and  stvttlt'd  on  persona  entering 
thi>  room  elad  in  dark  floUic.",  ibt-y  ih-vit  did  whm  tin-  drt--w  wiis  wliitv. 
Hi-  su;ij;;i-j«l.i  thp  eJiijiloyment  ol'  Imxes  coloiwl  dark  ini-ide,  in  which 
the  peats  may  be  caupbl  and  destmywl.  Tbi-  iiitliien<\-  "1'  cfilur  ij« 
Qot«a  nLso  by  (.isborne  Broivn,'  who  holds  tliat  walls,  furniture,  etc., 
«hoiiUl  he  of  lislit  color,  and  ailvijiiw,  iunoii{j  other  mensiirtw,  thft  jmfc- 
tiug  awav  of  all  dark  clothes,  Anoplw/m  appear  to  be  attracted  iilso  by 
o<l<ns,  a(.'(.i)nliiig  Ut  tile  ttwliinonv  of  Stephi-iiM  and  (IhristoplKTs,'  who 
found  that  when  native  Alricans  slept  in  a  tent  piwioiwly  ot(fU|iitHl  by 
KiinipeiLn!*,  the  iu^^t^^lA  noiigrej^iled  tliore  nioiv  uunieruusly.  During 
European  occupancy,  2  Anop/iffi-n  were  ui-ually  found  in  the  nioniinfr ; 
hut  afh-r  the  lirnt  Tiight  of  .Vlriiiitii  i>iMni|Kinev,  lU  were  caught,  and 
after  the  seconil  Tiij;ht.  no  Icms  than  'J'2  were  louiid. 

The  Malarial  Parasite. — The  iiudariitl  jiara><ite  w^  discovered  in  18S0, 
by  Liivcnin,  a  Fi-euch  militjiry  nurp-on  sliitionci  in  Algwriu,  but  until 
some  yeaivi  later  its  method  of  development  wii*  not  demonstratetl,  and 
only  niwritly  h:w  unjlhiii";  been  known  driinitely  iw  to  the  nianiier  of 
iL-*  eiitiuniM!  iiilo  tlu;  huiunn  iKxIy.  Hefl)re  pr«>c()«diit)j  to  an  awoiuti  of 
the  rescarchefl  by  which  this  wiw  deterniiuwl,  it  may  lie  well  to  describe 
the  develi>pment  of  the  |>arasite  within  the  human  suhje^t  and  within 
l)ie  nioKtpiitii. 

The  f-fversd  malarial  (larasitcs  belong  to  the  lowest  order  of  the  ani- 
mal kiiifrhnn,  the  jirotoxoa,  sulxiiilcr  H<r.miiiifHiriilin.  The  dillerent 
forms  corrcjipondiiig  t*i  the  clinical  varieties  of  tlie  Hiseiise  were  differ- 
entiated in  1880  by  Golgi,  nnu  of  the  moxt  pnimtnriit  of  the  Italian 
hiiiUigist;',  who,  Ix'twoen  18S-)  and  1890,  were  the  fir^t  to  pay  esiiecial 
atti-ntion  to  Ijave.ran';*  dis«)very,  and  stuily  thi,-  liii*  eyele  of  the  iHira- 
!*iti'  ill  tin;  nil  bloiNlT^irpiiMelc-.  In  this  it  aplM-ars  !i»  an  amiebula, 
which  grows,  digesting  the  red  coloring  matliT,  until  it  ininipii-s  nearly 
the  whole  volume  i>f  the  ei>rpii>ielc  and  !«hows  »)K)b>  of  pigment  in  its 
int«'rior.  Then  the  nucleus  divides  and  forms  sjKires,  ivhich,  when  the 
cell  wall  bnrst.s  are  Ubcniteil  into  the  bloml  pliL<niit.  Tliis  point  niiirkx 
the  beginning  of  the  malarial  chill.  The  sporeJ^  enter  into  other  cor- 
puscles, develop  into  imiture  orgiiniMns,  »egnii-nt,  and  prothiec  new 
pip<)rc.*,  whieli  on  being  libemtcd  proceed  to  Infect  other  corpuscles,  and 
wi  the  pniecss  eotitinue^.  In  tlie  tcrtiiin  form  of  fever,  thi.-  ]ir(KXws  of 
s)>onilatioii  in-cun<  at  intervals  of  forty-eight  hours  ;  in  the  qnnrtJiD 
fVirm,  which  is  cf i in (xira lively  raiv,  the  intervalh  are  seventy-two  hours ; 
in  tlie  [KTiiieioiis  wstivo<4tii  turn  mil  fonu,  tbe  inUTvals  arc  vciy  irregu- 

'  J'liirriHl  of  Tro|jiiiil  Mnliciiiis  (VjlolK-r  1,  I90I. 

'Quoted  bjr  Nuttnll,  Journal  it  Hygiene,  Jiiniuir7, 1901,  p.  7. 
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Iiir,  nitd  Uiv  Hii<!o»»tvc  jtrocei¥i«>»  »i  aporulation  inay  (xxur  90  rapidiv 
tJiiit  thv  feviT  l)coonii>s  oontiinioiii!. 

After  a  Diinilx-r  of  gcnei-iitiona  of  tbee  asf-xaal  forms,  malo  and 
foiiiiik-  pamifitcw  u|>[H?ar,  wliicli  an-  ii)m|Kil>U-  nf  ftirthcr  Pi'(inKtiieti«ii 
wiihin  llu-  hiunaii  Hulijcot,  but  rctjuire  oxIltiisI  rontlitioiis  wliicli  iltrr 
tiiii)  wiihiii  llio  IhhIv  »i'  AnOjihftff  iiiiiMi|iiitiii-pi.  Tho  IVtiHtk'  pnni^ilif 
aiv  knwwii  oh  maeroff(inifffH,  boiiiiilii^oiifi  witli  ovii ;  tite  male  ot)^iuoiii' 
an-  known  as  mitroi/murtori/trx.  TUt-y  give  oH'Ha^rUn  or  imVrfyciw*", 
h"nii>IuK<iU(i  with  !')>i'riiia{ii/')i).  In  tfiL'  next  evd*-,  difcovtiwi  liv  K-w, 
thest-  iidtilt  nexual  iVirnis,  when  sufkocl  11(1  in  the  UUxxi  liy  tln'  m'i-i]iiil". 
ctiaki^x.-  in  itt^  )>t<iii]nv)i.  Tlit.-  lertiliuxl  Kri^nipiu"  attnoli  llK'inH-lvi»l» 
the  Witlls  and  [lenetratc  to  the  itiiter  musctilar  wall,  wbeiv  iIipt  wtmwf 
in  sin.'  am)  In-cimit;  niatiim  in'gotc^  (jv/>m-nfiiuih),  ii|>oii  the  Mirliin'of 
which,  rli-jr  wpaoett,  <viilromei'eit,  Ix^ii  to  a|tprar.  In  a  simrt  iinu, 
tJn-s.'  iHf'omi-  ^iirr"Uii<lift  hy  tiiinnt''  !<iiiinll(->ha|>cHl  n'ils,  ^fittr'JiltMi. 
which  divide  intu  miiiutt^  twU,  afiaix'xilf,  wliiuh  hhiu  Rll  tiw  idHilr 
oyxl,  whitth  biii^lH  nnd  liU'riitt^^i  llK-in  thniiipli  the  ontrr  wall  into  ihf 
abtloniiual  oavity.  They  then  ni|ti<lly  pmelnilc  IIk-  tiwiK*  fi  tht 
sidivary  duct,  ami  thcniT  into  tin*  ]>iv>I>i>:*i"i.-,  from  wbirh  ttwy  an-  ili»- 
fliaifpil  with  itiL-  sdiwiry  jiecretinn  iiittt  llio  l»i<md  ul"  tin-  next  jut^ib 
bittvu.  Fnaii  ttii'  lime  of  fiitranw  of  the  ttexual  forms  inl"  ll» 
EnoMitiito  to  the  c'tiniiik-tion  of  thp  pntea^e,  about  ten  <by>>  cIiijim',  tid 
eiiii.i>  tho  iieriixl  of  ineiiluitioii  t»  man  i>i  tlic  name, !(  follnwii  tluit,  iiodtf 
liiviiriiif;  (.-oiidiliuMs  of  ii-in|K-RitiiiX'  (tor  in  ciinl  wcaihtT  tltc-  pmnH 
within  the  muMjiiito  in  t^lower),  alMinl  tivwity  dayti  miii;!  ela|>M-  iMlotli 
the-  a|i]K'anUKV  of  11  flml  nuv  and  that  of  anotltcr  eonm-ctiil  ihi-n'oith. 
The  iii<x>nluti'cl  sporojioiti*  pvc  nx  to  the  tiiccowivo  lUM^xual  gi-nm- 
tionti  above  dt'si'rilKtI. 

TIk-  tfi'lian  ]uini»ite  inva<]<«  the  whole  corpuscle;  the  tfutxn 
nwirly  tin:  wlmlc ;  the  it*tivo-iiiitiimnal,  from  a  lillh  ton  fMinlinf  ■'' 
voliiinc  The  piij^nvent  graiitile>  in  tlic  Ivrtinn  form  an.- tine ;  in  <>" 
quartan,  I'lmrKc  ;  in  (he  Kvtivo-auttimiial,  very  tine. 

Not  alnnv  man,  but  ninny  of  the  lower  aninml)',  »»  mttle,  dW 
nuinkeys,  il'ip*,  various  HjK>n(¥  of  birds,  frogs,  snnket;,  tiirilt*,  Rsu*' 
et<*-,  are  Md>ject  to  niiikriii  ;  but  tlic  i«ini>ili'w  an-  pirnliiir  Hi  «<* 
siKHries,  and  are  not  tntniifcraldc  fn»m  i>nc  to  aiiotfaor, 

Stnne  yean*  alter  (iolp  htmI  nthrrx  of  tbi>  Italiiin  M-biMil  bail  ''<'' 
fcrfiitinttil  the  wveml  uialarial  |iani!<iti-<'  and  tiiie)*!  tlw-ir  life  '7"* 
wilbio  tb<-  luimnii  «n1ijii-t,  MittiMni,  wbn  bad  done  niueli  w^'tl;  in'* 
invc-'ti^^tinn  of  mosqnito*^  :in  :i  oanwitive  ap'Ot  "f  filurin"i»,  Hniumi""'' 
in  1X94,  his  iK'lief  tJial  ninbiria  wai  cttuncd  by  drinking  water  bW™ 
by  nMw|nituM  or  dugt  from  the  dried  mnd  left  on  evajMinili**  "^ '■" 
witter  in  which  they  hud  bivd.  He  Wlieved  that  tin-  finiale.  olm''.' 
infi'!'l<^l  with  the  proto»)on,  tatd  her  epjr*  nnd  then  dii'ti  in  tlic  "»**' 
and  iraj:  later  devimrcd  by  the  larvie.  Iti|;nami  o|)po»Ml  llii*.  ""' 
ajwerted  ibut  tbi-  infw'ition  wad  ronve>-«d  direetly  by  inoeidatinn  in''*" 
proptswi  of  fiueking  bloo«l. 

lu   1805,  Koss  diiwovertxl  llie  nmlaruil  ercMcentit  iti  tli«  Htooifl'^-"'' 
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mosquitoes  that  had  bitten  a  malarial  eubject,  and  followed  them  in 
their  development  into  spheres  and  flagellated  bodies,  but  wan  unable 
to  find  them  in  the  body  cavity  or  observe  any  metamorphoBi«  there. 
For  two  years,  Ross '  endeavored  t*)  cultivate  the  ])anisite  in  mosquitoes, 
but  without  success,  and  he  then  ceased  experimenting  with  the 
"  bmwn  and  gray  "  species  (Om&x),  and  Ix^tn  anew  with  u  few  Hjxtci- 
mens  of  a  lai^r  kind  having  four  black  »imiIm  on  the  wings  (^Aiiophelri*). 
Afler  these  had  fed  ou  malarial  blood,  he  olx-^rved,  ou  examination  of  one 
of  them,  certain  pignientr<l  cells,  "  the  pigmunt  absolutely  identical  in 
appearance  with  the  weJl-kuowii  characteristic  pigment  of  the  malarial 
parasite."  In  a  second  mostjuito,  killed  a  day  later,  the  ('ells  were 
obser\'ed  to  be  larger.  The  supply  of  Anopbelen  having  become  ex- 
hausted, hi-  workeil  with  other  kinds,  but  with  no  results  ;  but  later* 
be  announced  that  he  ha<l  found  the  pigmented  cells  in  a  third  "  dapple- 
winged"  miisijutto  fed  on  cresocnt-containing  blotKl.  In  the  mean- 
time, MaoCalluni,  of  Johns  Hopkins,^  announced  his  discovery  that 
with  ka&erldum,  a  piirasitc  of  birds  strictly  analogous  to  the  malarial 
parasite  of  man,  the  function  of  the  flagetlum  is  that  of  true  H]>crma- 
tozoa.  Ross  then  took  up  the  study  of  bird  ]>anisitcs  {Halteruiium  and 
Proteosoina),  especially  of  the  proteosoina  of  sjmrrows,  lurks,  and  crows, 
aod  was  successful  in  growing  the  parasites  in  mosquitoes  tiut  had 
bitten  sick  sparrows,  and  in  reproducing  the  disease  in  other  birds 
bitten  by  them.  He  observed  the  liberation  of  the  sporoaiites  from 
the  zygotes,  their  passage  into  the  body  cil^■ity  of  the  insects,  and  their 
presence  in  the  salivary  glands.  His  l>eiief  timt  Anopliden  a<;ts  as  a 
carrier  of  the  malarial  |>anisite3  was  proved  by  Gra-wi,  Basttanclli,  and 
Bignami,  who  allowed  different  kinds  of  mosquitoes,  including  A.  mncu- 
UjteiiHU,  to  bite  persons  afflicted  with  the  restivo-autumnal  ty|)e  of 
fever,  and  found  only  iii  the  species  mentioned  the  developmental 
3faanges  described  by  him.  I-ater,  Bignami '  re[»orted  that  he,  Grassi, 
%nd  Bustianelli  had  Ciiugbt  a  numl>er  of  sftecimens  of  this  mosquito 
in  a  malarious  district  twenty-two  miles  from  Rome,  and  had  re- 
Ie&-%<1  them  at  the  Santo  Spirito  Hospital  in  a  room  occupied  for 
mnie  years  by  a  man  who  ha<l  l)eeu  under  constant  observation  and  had 
iuwl  no  kind  of  fever  whatever.  The  ox|wrimcnt  yielde<l  positive  re- 
jults,  fur  the  v<)luntefr  subject  ac<piirc<l  the  fever  and  yielded  jmni- 
(iles  in  his  blood.  The  dcmonstrati<m  nf  the  agency  of  these  [K'sts 
mis  thus  complete,  and  the  counectioii  has  been  priive<I  repeatedlv 
)n  a  much  larger  hcsiIc.  Thus,  Iloss"  reports  that  of  21  |)ersons  in  a 
samp  near  Caleulta,  17  who  slept  without  the  protection  of  mos(|uito- 
letting  were  seized  with  malaria,  while  the  otliers  who  slept  under 
lets  escaped.  Grassi's  experience  is  equally  convincing,  althiuigh  with- 
>ut  a  control.  For  eight  cimsccutiveilays,  aceoriiiKUiicd  by  a  fiiinilyof 
leven,  he  left  Rome  csieh  liny  at  '}.-W  in  the  aik'nioon  and  went  to  a 

'  BriliHh  Metlica!  Jcmnml,  DiiithIht  IS,  IsOT,  p.  ITHii. 

•  Ihiaem,  Fetirunry  'Jtl.  IS!1H,  ]>.  rm. 

'  Jnunul  of  Ex})erinii'ntiil  Mtiiiciin^,  Janimrv  7,  IWtS, 

•  Bulletini)  dellu  R.  A.'i-:iil.  Mv<l.  <ii  Himiu,  :iX\'..  ltj'.>il-1899. 
■Brilixh  MediciLlJoiiniiil,  Jiili.-  2-1.  li^'.n. 
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cottage-  in  »  nntoriuuiily  nmlarioiin  <li^(rii-t  kaut-t-ti  Ktitnc  and  Cliite- 
vcocliia,  when;  tlii-v  putuwd  tlic  nighbi  in  ii  cuttup*,  tlitr  windows  of 
wbicb,  sn^-fiii^il  wiili  |)err<>nilc(l  zino,  wr-rc  Icll  open  all  Oiv  tiniv.  X« 
Olio  (li'llif  ]Mirly  wiif  in  tin*  Itsisl  iiflVfU-'l- 

TW  loiipT  c\|)erimeDt  iif  Kamlxin  ami  I>iw  in  ad  (-i|iiiitly  n«iUrH<ti< 
dUlrkit  in  rvvu  iiiuru-  (•onviiidng.  TIk-v  ii|m-iiI  «'V»T,ti  iiinutti^,  itn-M- 
iiig  itic  Huminer  of  liruO,  witli  miliaria  niginj^  nil  about  (Ih'iu,  IiuI 
wen*  thi-m!4.-lvuA  not  iifrii-tii).  Tbcy  l<Hik  ixi  ilni)^  liy  wnv  of  |iiv 
jibyliixU, iind  went  utioiit  iViely  Uy  tlay,  but  kept  iudiMirs  )>e4w«TD «u>- 
fiel  and  wuiirbte,  protertcd  by  lu'iting?*  iinti  scniiiti. 

In  1901,  nn  iiitvix-^tiu^  vxjx-i'i'nK-nt  witu  |rk<d  by  the  JajBtme  )(0t< 
erumeiit  with  (wo  bittLillons  oi"  suldicr^  ^tution<,H]  ttjgi'tbcr  in  FuntHM. 
<)u(?  biiiriitioii  wn.i  i'i)iii|>li'ti')y  (ir«t<'ct4^1  rniin  n)o«i|uit<tiit  fur  161  ihyi 
during  iIk-  iiiiiluriiil  t-i-stfun,  and  »i>f  a  man  bad  ibe  <bw«i*r.  Iii  ti* 
other  bitiulioii;  wliifli  wii.*  not  ])riit<i'ti'd,  li-lft  ntM-:*  wvix-  oliw.t^dl. 

Anotber  intiTcsting  cxperiniciit  was  that  comluded  by  Fcnui  and 
Csuo-ltrUM"),'  who  took  1<t  pfrfoim,  mufring  frutn  <-ightM>n  b>  ihiitt 
\iMT»  of  np^-,  whii  liad  hud  no  niuliirin  within  a  yviir,  to  n  malaxMUi 
place  in  Sui-iliniik  and  kcjit  tliiin  tiuii-  i-i^^bt  djiys.  Half  wen^  |in>- 
t*'(rt(t)  fi-om  nii)H(]nit>ci>  ut  nij^bt,  an^l  tlu'  others  not.  Of  tli*  mm- 
protfoltd,  o  wciv  K'i/Kl ;  of  ibc  S  pn>t«(titl.  not  om-. 

Tlic  nia*t  conviuviiig  prtjof  of  ibc  op-nt-y  of  nioM|nito««  mny  if 
faid  to  be  the  occuri'i'iice  of  tlie  ilii^inpie  in  a  non-D)jilni'ioUE^  c«tnin 
through  inoculiilion  by  nioMjnitoi'H  inijHii'tttl  froni  nnollxT  wbrn'  mi- 
liiria  abounds  Such  an  inManot  tn  ivporiM  by  Mammon,'  whiw  «•■> 
WILD  bitten  in  London  on  ihnx  diflt-n-nt  (hiys  by  inUrtt-il  nioi«|iiilo(» 
bniuf;ht  from  Italy.  Within  u  few  dayvi  of  the  tbiixl  inix-iLUliun. 
the  eluiraeteri^tit^'  »yni])toms  nf  ti-rtinn  uuilnrial  fever  nj^NWm)  inJ 
the  |Nini.-i(e.-«  wciv  found  in  the  blo<Kl. 

For  the  cprtiid  of  malaria,  two  laetors  are  thus  evidently  e*s>nliil: 
the  paranite  in  hiinnin  bIiH>d  nnd  the  Anii}'4\tif  mof^nito.  EilWr 
alone  is  iin|K>(enl.  There  are  many  places  where  AHo/iKrint  urK*"" 
nion  nnd  maturin  unknown.  Indei'il,  if  tlie  Ani'jtini'K  iil<»ii<*  (wl* 
mnse  ihe  diHui."!',  no  plaee  would  I»e  safe,  for  aIthoii].'h  liny  nn'  "* 
strong;  fliers,  they  mny  be  tniit^porriil  thn>ugh  Inindn^x  anil  «"| 
tliouHamlH  of  mile*'  by  iho  vcliii-lifi  of  onlinan*  travel.  Tbu»'  (In*" 
related  tbiit,  during  ii  drive  hi.-llng  two  houn^,  he  eaught  20()  »p<*- 
mens  inside  the  eoaeh ;  and  otliers  have  not*-*!  their  pn>wnee  iu  rw* 
road  (wrs  nnd  piowrogiT  ^liijw.  Wbilher  they  would  Im-  able  In  l*** 
nbtMinl  hbip  in  doubtful,  altlioujih  inn^tuniHif  of  bni-dinj;  of  olU-rii'*- 
([uitoex  iti  llii*  manner  are  known.  Thii.«,  I*r.  Cumuiinf;.  "f  ■' 
Marine-IIofipitnl  Service,  reporli-tl  on  Auj^w  2,  IfiOl,  to  ll»r  Sup*" 
visinft  So rireon -General,  the  ca«?  of  the  8p:ini!'b  luin|ne  J/itrKi  ^*" 
'/(UT,  which  was  free  from  miwipiiliK's  until  the  twenty -:*<'<••  md  i!",' '"' 
from  Rio  de  Janeiro,  nhen  some  were  noticed  in  the  water  tank  «"■'" 
it  was  opened,  after  whieh  the  erew  were  attacked  «>  pereirteiw?  •'3' 

■  C<^nlml)<bin  fllr  1tiku^nU«i«v  etc.,  XXIX.,  p.  SftS. 

■  BriliiJi  Uwlinl  Journal.  ^-iilcmWr  iSi,  190a 
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them  that  thcj-  wore  oblijjwl  to  cuvt^r  ihi-nisclveji  to  get  any  sleep. 
Alter  fumigation  «»f  thi-  tViit«L>*tIe,  the  dead  nioetjuitiK*  imuIiI  Ik; 
K('fx>|K-'l  u|i  ill  ilic  Imiitl.  H'lwanl  relales  that  mo.*C|iiitoes  were  iiitro- 
ihicitl  into  till'  ILiwaiiiin  I^jIiukIs  by  siiiliii;^  vis-itU  I'nHii  rlii-  (.'nili'd 
StJiii's,  unci  ilicm.-<  ii  [inilmljli-  iliiii  they  bi-ed  Diore  or  less  cutitiiuioutly 
ID  the  ivater  Iwirre];?  diiriiift  llie  \oyiifjt'. 

Mi)M|tiito(>i)  may  be  blown  along  by  the  wind  thntiiph  long  clii-Uuiee?, 
but  oixliiuirily  Ilicy  tiike  ^holUT  on  thit  Iti-wiml  !-h\v  ol'  any  objett  aa 
soon  an  tlii^  wind  IxyinH  to  be  stronjj.  Howanl  eiti^  an  inrttaiiiv  ol' 
most[iiitiH.«  vrossiiifj  a  striii  "f  wiiur  a  mik-  wide,  aided  by  jfentic  and 
eontiniiou.-*  wind,  and  another  lu  wbioli  ii  miijRitory  i-lnod  »i'  tin-  inj»»itjs, 
I'jtK'iidiiifj  thn't-  iiiile>*  in  width,  travenied  (W  miles;  ami  Dr.  Kalloek, 
of  tlie  Gulf  Quarantine  Station,  re|iorI*  (Aufiui't  '2,  I  !>*>! )  that  the  ea(»~ 
tiiiri  of  till-  .-vliiii  Ami'ri<-ii  >lati'd  (hat  intwtiuitoes  came  aboard  the  vesuwl 
when  (ilie  was  at  least  10  HiiU-s  from  liinil.  Bat  Amijihr/ti  are  not 
likely  to  fly  fiir  iroia  tlieii'  birth  jilaeei*.  Thfy  are  not  such  stroiiH  tliers 
iw  CV/cwt,  St«pheiuaiid  Christophers'  believe  tlinl  Anophel&tia  Sierra 
Ijatnc  may  fly  a  iiuarter  nf  a  mile  or  farther,  bnt  in  Freetown  they  found 
tbeni  isearee  at  a  dislanec  of  200  yards  from  llnir  bniiliajr-phiees. 

.v.-  htalwl  abovt-,  there  are  mauy  i>laee«  in  this  ejiuiiiry  and  el^wbere 
where  Anojthrlfit  ai'eciinuniiii  uiid  malarin  niikiiiiwii, ;dllum^h  formerly 
tbe  disease  may  have  raged  most  extensively.  In  England,  for  es- 
aa)|ile,  where  malaria  was  onirr  one  "f  (he  [in-at  national  wefiiirjp's  and 
iw  now  ween  only  rarely,  Xuttall'and  hi»  a^wieiale*  I'onnd,  in  lilUd, 
s]Ni'inH'n«  either  of  llu-  itna)?i  "r  nf  thi'  hirvif  in  no  less  tlmn  173  dif- 
lerent  plaeeii.  lu  some  of  thesi.-  ])laee^,  malaria,  so  far  aii  known,  baa 
never  existed ;  in  other*,  it  nmielmd  rajred  i-xti'nuively.  In  Kranw,  .Ser- 
gi-nt'^  has  fonnd  .1.  mnrtitipeiiiiin  and  .1.  Iilj'iin-abu'  in  jfreat  abundant^ 
where  malaria  was  formi-rly  o<tmmon,  but  now  in,  and  for  twenty  ycant 
has  hirn,  unknown  ;  and  in  tifrrnnny,  I'leifler'  has  found  them  in  jrrwit 
numbers  in  formerly  malarioUH  di>itriet^,  bnt  none  of  iheni  siiowiil  the 
presiMioe  of  the  |Hirasit<>.  In  IIjiIv,  loo,  where  Gnuwi  has  held  that  the 
gv'o;;ni(thieal  distribution  of  Anopkeli-f  {■*  i<lentieal  with  that  of  malarin, 
Celli'  luis  fcinnd  the  iusii;ts  in  situations  «'hi.-re  nialiiria  has  never  Ikvu 
known. 

To  what  the  disa]>)Msiran«- of  malaria  in  Kn^flund,  Seotlanil,  {mrl?'  of 
the  United  HtJites,  l''nini.v,  (lennany,  and  other  eonntries,  is  dne,  !«  not 
Kisily  expiaini^l.  To  a  very  liirgi-  extent,  it  is  doubtless  due  In  dniin- 
age  of  the  land  and  y^'ncral  <aTiilur\'  iniprfivenient.  the  drying  nf  the 
8<iil  diminishing  the  op|nirtunity  for  |uiddle-breeding  nios([uitoes  to 
multiply.  Kilt  this  exjihinatiou  will  not  appiv  ^uertdlv,  for  in  nianv 
plncei*  now  free  from  malaria  the  same  eonditions  of  soil,  wetness,  and 
mo^f[uitoes  ai-e  found  to-day  as  existed  when  llu-  disia-i-  wils  cndeniie. 
It  is  inti'ivsting  to  note  tluit,  in  England,  the  Aito^Iu-les,  although  fairly 
'  Loco  cllaio. 

'  Jdnmal  of  HvgiciK-,  Janunrv.  II'OI,  p.  (. 

'  AnnulHilii  rinxliiiit  Pn-nnr,  XV.,  (hi.  -A  |}KiI. 

*CiirmiiH)ni](^uibUti  rliw  nl]|{FTii(:iiii.<ii  lintlit'Iii-ii  Vvrviiia  von  Tliuring«a,  1901,  No.  7> 

'CeiilratblaU  fur  Bnkli^riotogic,  «tc,  XXVllI.,  y.  m4. 
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<»)mmi>n,  <Iik«  not  bile ;  nt  \v.\A  Nuttall  A&ie*  thiit  m-tlbor  tie  Dor  nny 
uf  hi"  iixHiiciitlt-'-i  wa.t  bitten  wliilf  collfcttn^,  am)  tliat  Mr.  Tlniibald,  ai 
llii-  Itrili^li  MdMniii).  wri>to  timt  lii'  liiitl  iiuvt^r  kttnwti  tbi-m  luliiuio 
[-'.ii}:liiii<l.  (it  in  to  Iti'  ivmenilwrccl  that  iinwi|iiiii)tv<  an-  iiut'inillt 
v»-jp-tiirinn».) 

Ntitttill  suggests  aw  a  w*oiici  reason  fur  thp  <)iiiaji|H«rntiCN'  of  mnlmia 
fiMnk  Kii^litixl  llu'  rt-diictioi)  uf  tin-  |>0|>iiluiiiiii  of  ||k-  iiifi-rltil  ili^lricl' 
by  tiiiij^nitiuii  :it  iibout  ttii-  unw  of  tlic  (li-ii]i|H':irani-c.  'V\m  w-iii)ii. 
tiroMir."!',  n'tlms-  llu'  uiiiiibi-r  of  iiiftH.^tt'd  iiidivitliiuU  aixl  lt>N'ii  iJip 
cliiiiHv  >if  tliv  AiiopMfn  i)wi>miii}i;  inl't-ctit).  Ki-rli  anil  niiiiu'  t>thi-r>  tat 
.itroiijriy  of  tbo  npiciion  tluit  iho  Ui«e  of  <)uininr  li».->  hiiil  iiiurc  l<i  iIn 
uilli  (lif  iliKapiMiimntvot'  nmlitriu  tluiii  anviliin^  l'1m%  but  it  i;^  iinJintile 
tiut  there  i;?  8onif  other  us  yet  iiiirciKiyniwd  (ini.x-,  nitil  ihul  all  IIm'  iiiBa- 
ciiii-.i  nienlioiiiil  have  <-iiiitrihut<^^l  in  flitt'cnnt  di^nvp.  That  ihrwt 
«oni<-  fiikrh  un<li(wnvfrc<l  hical  ronditinn,  iiuist  In-  \it\-  ('vi<h-nt  nhwi  *t 
mii^ider  till-  rolhiU'iii):  liictj.  [itibli>hc(l  bv  tViU  ant)  (inKjMTiiii : '  Ccrtun 
hieuliiiin  in  TiiH«:iniy,  whieh  Ii^h  than  thirty  ycvrs  tijfo  uvrr  vm  mali- 
ri<iii--i,  iiix-  InHhty,  sii  lar  ii,»  eim  hv  aMvrlaiiHil,  in  ]invim.-Iv  tin-  wiw 
f^iKiiil  c-ontlilion  us  (ihtiiinKl  Ix-forp  malaria  (li.ia|>{)<iin-<l  tlRtfrnrtn. 
Ilio  s<iiy:imnt  niar^h-ualer  ^wurniM  with  Amifttielrt  \i\t\«c,  ami  thf  sir 
libovf  with  inyriaiJs  of  tlieimtigines.  Th«rro  in  nn  Inek  t>f  ihc  lualsriiit 
[amsilo  f>>r  inrcetion  of  lh<-  in<iM[uil>Hvt,  fur  the  |N-*>|>le  tp>  Ui  i'>h<i 
(lisirirt*  :ni'l  irtiirii  with  miliaria  ;  iin<)  yet,  in  i-]>itf  df  tlit-  pnewmv"' 
tliv  cstH-ntiai  tiidors  fur  nn  exlotisive  (']>i<li'tnir,  no  iiiitbnnk  tiwiire.  Tlr 
diildreu  arc  ntbni>t  iiiul  heulthy,  llic  adult  ]Hi|>iihitioii  r^howit  niM4riit> 
fif  ni.nliiriii,  niwi  many  who  havp  livt-d  ihi-ri'  all  their  livir*  have  BflW 
li:iil  Iho  flichtcl  ulUiel;  of  the  fovi-r.  Thi-  frt-o^mi  u  nut  dur  w 
lie<|M:n'(l  iinmunity,  for  the  inhnhitants  take  lliediseoM'  wUni  tlicy  pil" 
malarious  tlislrifl:'  lor  work,  Tliv  niojuiuiliMi*  mv  n<it  iii>ij»>i^iliMf  l» 
inftx-tion,  for  si»wimens  ciijrtiired  tWrp  are  r«i<]ily  infedetl  by  mtlu*) 
bhiixl  in  liomc.  (Jiiinine  (-iinn<jt  Ih>  oniliti-d  will)  Ix-inf;  Ihrtaivrtf 
tin-  cxcnijition,  for  it  is  not  ns<il  more  exleniiively  than  cjwwlirfr.  h 
In<lia,  t<i",  lliirr  :iir  di^tric-ls  whieh  wen-  formerly  nittlnrioos  tut  *'' 
DOW  comiNinitivt'ly  hejilthy  in  (-pite  of  iipixtn-ndy  unrhiingt*!  i-noiliwiB. 

Btil  aUhoiii^li  Anojifu'tni  miiy  exist  wherr  malaria  ia  iHikiM>«n.  tW 
ocmvei-se  is  not  true,  for  where  innliiriii  is,  there,  ali*o,  nn-  nii*i»il'**' 
The  «!«.-frtion  tlmt  in  .Iavn  ihen-  an-  plares  wUeiv  malaria  aWii* 
witliniit  nioscjtiitiH'*.  has  liini  iTiv(-vtipit<tl  by  Koch,  wlwi  fiXiJ  'W 
tna'Mjnitoes  wc-iv  cvcrj-when.!  pivscnt  where  malaria  )iiyvaihH).  Hrfi™ 
nliui  11  pluco  in  Emt  Africa  with  nil  the  nin(liti<in>>  liivonibk'  to  nioiir* 
excepting  mos<)iiitoes.  hut  with  no  evidence  of  the  dit^tttse.  In  W«* 
iif  the  i?Klgui(ts  of  l'olynoi:i.  wliHv  inarslu-s  are  very  i-xtentiivr  and  «' 
nialiiHiiI  eo  11(1  it  ions  are  jiresent  at  their  maximum,  with  tlw  uxorpii"""' 
i3aijsi|uitiK>,  HO  mahiria  i?  known. 

It  Mvmif  rLiiiMinahle  to  asisnnie  that,  giwn  llic  ncowenn'  sfm'tf'^ 
nios<|U'toes,  the  introfhii-tion  <.f  infei-lt-d  persons  into  a  district  W'™" 
l)rubjibly  be  followed  by  the  apgH^tiiUHx-  of  i>th(T  i-aMT* ;  Uil  ibfiv*"*! 
•  CvDtnlblolt  nir  Itnkt■.•I-l■.1.<Ki(^  etc.,  Oct.  £1;  1901,  p  IBS. 
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fortiituitdy,  II  imnilxT  nf  f^mdilioriK  wliii'li  riiiist  bi-  fullilUtl  iti  ortlcr  tii 
tirinjr  this  alKiiit,  First,  the  A»ojiliele/<  must  be-  blootl-driiikci's  ;  sec- 
mii],  tlifv  iiiiinl  l>iti'  tlif  iiilVi^i-d  UiilivkliiuU ;  tliinl,  ilicv  niii>t  i1u-ii 
devt-loj)  the  puranite  uilhiii  tluinnjlvcs  ;  and,  fonrtli,  iIm?_v  iiui-l  live  to 
liik*  iiiioilii  r  (jiTsrui  wlion  thi-  .-(K>roiaiitew  an-  still  pii'sciit  in  tlu'  salivary 
tlilct.  In  ii']<litioi),  ci-rtaiii  tavnriitg  (imiiitiiiii"  of  tniijxrntiiro  <ire 
r("(]iii rt'd,  lioth  f«r  the  sietivity  of  tht-  mii8([uitu  and  i'ur  the  dt-volDiiment 
of  tliL'  (Nira-it'-,  Shiiiilil  fiAii  wnirhcr  ciniiir  mi  slii>rtly  iitlir  ihi-  niatijriiil 
8libjof:t  in  bitten,  no  harm  mi;;ht  follow,  for  abi:itit  tt'ii  days  art-  rii|iiired 
Iwfore  th(' mo«i|iiifi)  btfomi-.t  fully  infi-otive,  and  in  a  cold  almo^jihvre 
she  if'  fth^f;t;T^ih  and  will  not  bite. 

Preventive  Measures.^ — In  oiiler  to  pfevcnt  miittiplifiatioii  of  Anopk- 
rlef,  mcnsiiros  slioiiM  W  tjikrn  Ut  liiTinni-ih  the  nnmlit-r  of  brfnilin^- 
plai'es  bv  dniiniyp'  and  other  means,  and  the  larvie  »-honld  1*  desiroye*! 
where  it  is  not  jmitsiltk"  to  luxMinijilish  n-riioval  of  th<?  watvr.  Tliu 
natural  enemies  of  the  larvro  iimy  be  intrixliieed  at  vcrj"  slij;ht  eic]>ense 
and  with  ii  inliiiitiiini  of  tronlih-.  Amon^  thesi',  Howard  tni-nlions  tut 
most  elli«u-ion>.,  ^mtdixh,  stick leljueks,  and  to|i-iniiinows.  Wlurc  fish 
oanniit  lii'  inlr'Hltmed,  the  application  of  (lit*  eliwix'st  kiro.-ene  al  n^^i- 
lar  interviiU  will  not  only  kill  nil  hirvie,  but  will  piwent  the  iiiipn^- 
nated  femule  from  laying  her  eg^.  Kerosene  spn-adn  easily  antl  doe-i  not 
'.■Viij><>nit<.'  too  i]nii'klv,  and  a  iNiiTel  will  snllii'e  for  ;ni  urea  hir^rr  than 
two  acres.  A  single  applie:itioii  by  means  of  mops  or  \vatering-|Kits — 
aljiHit  (Ui  oninx-  ft  rtlleen  stpiare  fivt,  *'noiigh  tn  f;ivo  ii  very  thin 
film — will  remain  for  at  least  a  week,  and  generally  a  foilnight;  and 
sinw  a  W(i>k  mnst  elaiiM"  for  <^p  tn  develop  into  ini[Hi',  a  sis'ond  appli- 
calir>n  nwd  not  lie  made  nntil  aliont  >cvcntci'n  days  have  elapsed. 

The  .-viek  shoLiUI  ln>  protectitl  hy  mosfpjito-nettin);,  and  the  .siinie 
nieanii  *honld  be  emphtyiil  t<»  prevent  (iwe*«  to  tin-  honses  of  the  well, 
and  for  the  prottxiion  of  those  who  may  be  obliged  to  sleep  in  the  ojicn. 
Loc-td  appIii'jilionH  to  the  skin  (oil  of  [tcnnyroyal,  oil  of  eiieiilvptti^i,  etc.) 
are  not  of  miieh  value. 

Kenni  and  'roii:<tiii '  have  ri'[mrli'd  u  Tiotewurthv  inKlaiice  of  diminu- 
tion in  the  amonni  of  maLiria  nW-r  syMemalietlcslnietioii  of  the  larvw 
flf  niosqiiitoes.  The  Island  of  ^VsiiiaRi,  inhabited  solely  by  (lonvtolM 
niul  their  |^i:inl^,  h.-v*  olh'ii  lu'en  nivwi^-d  bv  nirdariu.  The  larvie  of 
different  -ipeeTes  of  nioMpiitoiL'jH  were  found  in  manv  wells  and  hurso- 
pomls,  and  wii-e  tniilMl  with  kcpost'iie  a  nuiiibcT  of  limcf,  Screeiw 
were  pliiec*!  in  th<^'  wintlows  and  diKii>  of  ihe  dorniitorie''.  The  resnlts 
were  most  aatisfactury,  only  3  eases  of  malaria  (Kxrnrrinj^  during  the  year, 
apiin^l  09  in  the  viiir  iirwclinp. 

If  Annphelcn  gain  access  to  houses,  they  may  be  destroyed  by  ftinii- 
};Tition  with  snipfnr  dioxido,  einployinfr  ]  pound  of  itulphnr  for  eadt 
1000  enliie  feet  of  air  sjiace. 

For  prophylaxis  hy  mt«ns  of  ipiiniiie  sulplmte,  the  daily  Ingi^tinn  of 

%5  to  .')   grains   ic  advixed.      However  cfFuwiou*  ihiw   may  lie,  it  will 

have  to  he  admitted  that  it  is  an  expensive  nirasurc,  for  the  mint- 

'  Zclt«'hrift  fur  Hygipne  and  hifoptionskniiikht'iteiT,  \XX.,  p.  5St 
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luuni  (Icise  suIvWhI  wmiM  require  tin-  untiuul  iisv  of  imj  Iish  tlnn  65  tuiis 

jHT  million  ]>ii|>utiitii>ii. 

Mosquitoes  and  Y«Uow  Fever. — .Siuiw  I<tl>:i,  wIh-r  yellow  fevrr 
imnii-  it^  lirnt  uinH^amiut-  in  thir-  emintry,  tliero  hiivc  bwtu  no  li-ss  llinii 
y5  ejiiiifiiiicc  "f  t;i'Mit'i'  or  lt■^,Mr^  iiDif^iiiliKiv  within  llw  t'nitc*]  St3li>, 
AecDi'diii^  ti)  Kfoil  aixl  Ciirrnll,'  f-iniv  I7'>'^  thv  tlifcui^  lius  Ix^tn  llie 
ciiiira  of  tio  IcHii  lliuii  100,(100  (Ifiitli.s  -11,:M8uf  M'liirh  linvr  ^xvurml 
iu  Xvw  Ork-aiif-,  1U,03K  iu  Pbilutlelpliia,  iind  7759  in  M>-m[>lm 
(lfi.'»5, '7a, '7H,  7»).  lkrtw*;i^u  1851  and  188.1,  it  «iim-.1  •2^\:m 
dcntlks  nt  \{\o  iVJiincir",  wlteiv,  «e«<)nlinj;  t"  (ii>iiv^ii.'  pri'vi-iui^  !■>  \^\'i 
il  wu^i  nil  known,  Iwing  iuirmlm-ed  in  tlia(  vtiar  liy  ilie  J{nizH  fniiii  N>'« 
Orl<>un^  itiid  Ilnvanit,  iniit  Uy  die  AVirwrc  tVum  Itiiliiii.  Kn>in  ilio  it 
sprea^l  to  ull  the  towns  in  the  Ikiv.  Retw^n  ll^o-'t  and  l!)04),it  rtiu.'«^ 
S'^U-'t'i  di'ittli.-i  at  Havana,  wlurt'  it  Imd  Roiiri>>lH'<l  <iinlimi<ui>Iv  f«r 
more  tlian  a  ecnturv.  iuid  wlici-e,  afttr  a,  |>racti<al  aplilii^ulioii  -if  iha 
know  liil)^-  (>oiirj-niing  llic  nH-lluxl  nf  il^  di.vu^-uiiniitioti — the  Mttiviiit 
ul'  Urilliaiit  w-urk  on  the  part  of  Reed  and  hw  usMKnalM,  oF  the  Uiiifnl 
Stjiti--<  Aitiiv — nut  a  single  axM-  iKH'itrred  in  a  ]>eri«d  (if  niori'  ibun  t<« 
months  (Sptvrnljcr  21,  1901,  t4.  July  2«.  1902).' 

] nubility  to  oimtiiil  the  Hpmitl  of  tli*-  dimacc  has  hitherto  Uiii  iluc 
to  llic  Jin-1  tliiit  IIr-  niuniKT  of  itn  diHct-ininiition  wiu'  iittt  known,  ami 
tkal  all  <-ftort>i  to  control  it  were  exerted  io  the  wrong  diiwtioiitPi 
thf  lii'liel',  now  i<hown  to  tinve  Ixvn  nnlVmndrd,  llmt  fixuitOK,  Ullh.  nni) 
soil  conditions  were  tlie  distrilnitin^  iijpncits. 

It  waj-  in  l.'*1K  llmt  Ilr.  J.winli  Notl,  of  MuMIr.  suj.-j.i-.-l.d  llat 
nioMiuiloi'i^  might  be  re^jiniir^ibk-  lor  or  eomKi-li-d  nitli  llie  vpnw!"f 
yollnw  ftfver,  but  the  i<k«  ai)|)ears  «>  have  been  rewivwl  witli  indiHrt- 
eiicp.  In  1881,  I>r.  Finlay,  of  Miivanii,  annoiinof^l  Urn  tlteoncf  m**- 
qiiito  tranHfereuce,  and  U'fptn  his  ex]HTimfnt*i,  lint  it  mnwiDnl  ftf 
Heed  and  lii^  muuK'iaU-*  to  [li-inon.strete  <'oneln:'ivt'ly  thai  ni'i->jial«< 
art!  llic-  principal,  if  not  the  nole.  terriers  of  the  exciting  caii!«,  ami  iWl 
fomitut  and  lllth  linvc  abtiolut4>ly  no  iniliieiioe  wliatcv'cr. 

The  experiments  pi-ovinj;  both  ftutcnn-iitif  arc  exof«^^linply  inw* 
ing.  In  Oi-tolxT,  lltOd,  Recti*  r^jwrle^l  positive  result;,  of  ii|*tt- 
montt)  roudncrted  by  liiniwlf  iiikI  I>rc.  <.'!irn)ll,  Agninionle.  ami  la** 
with  Rin»quit(«'.-i,  .yfi/omv'" /"*■<"'",  funuBlu'd  by  Dr.  Finliiy.  i'tn-u 
WM  bitten  by  one  that  had  bitten  foiir yellow  fcv<T  pntie»li<,  idt»fiu*''!' 
severe  and  mild  eases,  ref]MH'tively,  twelve,  six.  fiwr,  and  t""'  ^ 
jncvionsly.  Four  dny«  iiflerwanl  he  look  to  hii*  Ixil,  and  on  thi'  w'' 
di»v  his  disease  wjw  dia^noKcd  :is  vellow  fever,  Aimther  Mibji''  •* 
bitten  by  the  Mime  nios^piiio,  inxl  by  (line  ollien*  tlrnt  liad  yn^**'*! 
bitten  ]nilient«  with  tlie  d!seai<e,  and  in  seven  days  he  alro  bid  <■* 
fever.     Dr.  I^aw^ir  wa.H  bitten  Mlihont  n-snlt  by  an  infected  IBO^"* 

'  Mclicul   K«<nril,OolDbCTal.  IlKll.i.  WI- 

'  Itiilli-iin  niMical,  Odobn  12.  11101.  p^  Hfll.  ^ 

'  Sivtt.    At  ttic  rime  nf  wriiiiifc.  ih<-  Inii-^r  r^pMrt  etMalMblc  wm  tUied  Jiilv?'>> '"^ 
>l  whicli  liiiif  lliv  dtr  «nn  Mill  ftii-  rrom  the  (liicwe. 
*  Pliilnilctpbui  Modioli  Jounwl,  Oclobnr  2T,  11)00. 
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on  AugiLst  16th,  and  by  another,  an  accidental  stranger,  on  Septcmlxr 
13th.  In  five  day:;,  he  had  a  chill ;  on  the  day  following,  the  diagnosis 
of  yellow  fever  waa  made,  and  in  a  week,  the  «ise  terminated  futally. 
Between  August  17th  and  October  13th  (fifty-seven  days),  tlieso  three 
were  tlie  only  cases  which  occurred  among  1400  non-immune  Ameri- 
cans at  Quemadoa. 

On  November  20,  1900,  an  ex[)eriment  station,  Camp  I^azear,  w'as 
established  at  Columbia  Barracks,  Cuba,  under  the  direction  of  Reed, 
who,  with  his  former  associates,  continued  the  work  with  gratifying 
resulte.  A  very  strict  qiiurantiiie  wa.';  established,  and  no  non-immune 
was  subjected  t4)  mosquito  inoculation  (with  one  exception)  who  h»<l 
not  pas.'ied  the  full  [leriod  of  incidmtioD  of  yellow  fevor  under  close 
observation,  nor  was  any  non-immuue  who  left  the  camp  permitted 
to  return  un«ier  any  circumstances.  Twenty-one  subjects  presented 
themselves,  mostly  immigrant  Spaniards  seeking  immunity,  and  the 
result   in   each  case   was   positive, 

Experiments  with  fomitcs '  were  equsilly  convincing  in  results. 
Three  large  boxes  of  sheets,  pillow-slijis,  blankets,  etc.,  contaminated 
with  the  discharges  of  yellow  fever  iKitient-j,  many  of  them  purposely 
soiled  with  black  vomit,  urine,  and  fceces,  were  placed  in  a  building 
of  2800  cubic  feet  caiiacity,  tightly  ceiled  and  battened,  with  small 
windows  to  prevent  thorough  circulation  of  air  and  wooden  shutters  to 
prevent  the  disinfectant  action  of  sunlight.  The  windows  were 
screened  with  wire  gauze,  and  the  entrance  with  a  screen  door.  The 
articles  were  unpacked  by  Dr.  Cooke  and  two  privates,  and  they  were 
shaken  so  that  the  specific  agent  might  be  disseminated  throughout  the 
room,  if  it  were  present.  They  were  then  used  on  the  three  beds  pro- 
vided, and  some  were  hung  abuut  the  room  and  near  the  beds.  For 
twen^  con.'tecutive  nights,  the  three  slept  in  the  uninviting  beds,  and 
every  morning  they  packed  the  filthy  articles  back  into  the  boxes, 
and  every  evening  unpackcii  and  distributed  them  again.  They  passed 
their  days  in  tents  in  quarantine.  During  their  tour  of  service,  other 
bedding,  soiled  with  the  bloody  stools  of  a  fatal  case,  was  received  in  a 
most  olfensive  stinking  condition,  and  usc<l  with  the  rest.  Then  other 
□on-immunes  repeated  the  experiment  for  twentjwmc  nights,  slwping 
in  the  very  garments  which  lm<l  been  used  by  patients.  Then  these 
subjects  were  followed  by  others,  who,  for  fonrteen  nights  out  of  twenty, 
slept  with  pillows  covered  with  towels  that  had  been  thoroughly  soili-^l 
with  blood  drawn  from  a  case  of  well-markc<l  yellow  fever  on  the  fin^t 
day  of  the  disease.  The  result  of  the  expcwurc  of  those  non- 
immunes in  relays  for  nine  weeks  was  wholly  negative,  for  not  one  had 
the  first  symptom  of  yellow  fever.  Xot  so,  however,  in  tlw  case  of 
a  man  who  was  exposed  in  a  bnihling  of  similar  si/c,  tlioniiigbly 
veutilated,  and  containing  only  disinfeeteil  artiilcs  plus  infceteil  mos- 
quitoes. On  DeccmlxT  To,  1*100,  1.')  of  the  insects  were  set  few,  and 
he  was  soon  bitten  several  times.  I^fer,  he  was  birten  ngsiin,  and  also 
«n  the  following  day.     He  eontraetrrl  the  disease  ;  but  "2   men  who 

'  Beported  in  Medical  Record,  t)c(ol>er  20,  1901,  and  in  otber  .\iticriran  jimmnk 
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tulcpt  fur  vi^hti-cn  nt);l)t!i  in  u  linirofthc  room  which  vufi  fvTefitet\  Snm 
the  nihcr  niid  fnim  itie  DHL-^|iut<N\H  hv  tieltiD^,  hnil  do  nymittuntt. 

WIimU'WI'  Uw  iitiliirf  (if  t\n-  |lrlnl^iu■,  it*  lifi?  (■y<;lc  w>>tit(l  appear  nM 
to  iiood  the  p!ti'«i|jc  of  the  |Bii-.uiit«'  lUniii)fli  the  intrriiKiluiK'  (msI,  fnr 
i{t>i<i| '  mill  lii.i  iM^K'tiili'!'  Miit-ccilit)  in  ]iiVH)ii<-iii^  thu  t]i»«iT-c  hv  inyee- 
tii'ii  of  hKxiil  clniw  I)  from  the  <^-iK-nil  i-iiiiiliiiiiin.  Although  ihi-  >|Mrir)c 
eavsti  mui'f>i  ha»  not  yet  l>eeii  ilisooveroil,  it  npiwnn*  to  W  ik'Kniiek 
Mthtt  ttuit  it  i.i  iiiit  Smnn'lli'i'  /}.  irirrahlfii. 

Thf  «1•Jm■lllMoll^  airivwl  al  by  WecA,  Carroll,  niul   Afrmiiiontr,  >i»i 
rp|H>rtol  I<»  ihi'  Aiiiitkwh  MitJicn!  A.v«H-i:iti<>ii,  an-,  in  l>riif, as  I'lillow*: 
I'hi-  iiiti'MJiiiliiili'  luwt   i(i  ll«- .S'/i'i/<i(n_v''r_/Vj«fw/ii,  which  is  <n|Hhlr  (tf 
tRiDi^iiiittlii;;  the  <limws4>  after  »n   tnti-r\-Al  nf  ulxnit  lwi-)vi'  tlnvo  tr 
longir  uricr  U'ciiiiiitg  iroiiiiiiniiinlcJ  by  hiliii;;  a  |M.T)^>n  slrRuly  Hck. 
'rite  iliwiiHc  «iii  W-  uiiiMil  by  Hiilxiimjinm^  iiijti-liiiii  of  hlmul  fVviiii  tli» 
gcfiieml  ciivulation  ihtriiig   the  fir-<t  or  occufitl  (hiy  of  >ii(<kti«w.     III* 
tiiiiniiy  i"  not  <*onfiTn-<l  W  llie  hito  of  a  n)nM|iiito  al  an  i^rlicr  ])ctvd 
ut\iT  con  tarn  i  nut  ion  ;   hiii  when  lh<-  iMm^u'n.-  if  pi-ixlimol  tliroiif.'li  ik 
ngi'my  of  a  ni>>!>(|iiito,  tlic  Kiihjirt  i*  iinmiinv  aKiiiiiiit  itiftvlion  l>y  isli- 
I -tt  till  icons  injc-L-tion  of  hlontl.      Thi-  )K-rifKl  iif  inculmlion   in  rtif^  "if 
indut^  fevt-r  vuriiit  from  furtv-oiic  hoHrf  to  (ivr  (lay?  aD<l  ppvpnli»ti 
liotirv.     Tin-  iliscaw  is  iiol  <iinv«'yf«l  by  fomii*-^,  iukI  tM-im-  di.-'iiiffriiin 
of  a  houitc,  exeept  aii  to  nio-tfjiiitiHis  w  iinut\Ti!£^iiy.     The  vpmulof 
lh(r  iliicciux.'  ran  bp  ootitrollnl   most  cii'pctiiaUy  by  UHusurm  thrrrtti)  >■> 
the  ilcntriti'tion  of  iiio-><|uit<>c>  uix)  to  protii-linn  of  iIh'  i>iok  iipiini'i  il)'>"' 

That  not  \v<f  tliiin  twtlvi'  (hiyt^  an-  rwjuirwl  for  the  oontamiroilsi 
moKijiiilo  to  ui'ijniro  thf  power  lo  Iruiismit  tin*  iIimii^-,  i»  lumir  n«'  I'J 
the  obiSer\-ationi'  of  l>r.  H.  K.  (.'itrt^T,'  who  found  ttial,  in  nixl^ii]  huoM 
in  whieh  95  Hoeondnri-  ease;'  of  yellow*  fever  oeein-red.  the  inteniJb^ 
Iweeii  the  IJP'l  am!  jmi-oimI  (Um-»  tTin);i-<)  betwwn  twelve  and  I«vnlT- 
three  ilayN, 

Tie  Yellow  Fever  Moanuito,  Sttycmtfin  JaKciula  (Figx.  106  and  W^ 
formerly  known  aa  Cvtex  /oncMititK,  is,  in  this  pountry,  oonfinal  \>ni>n- 
pally  to  the  tropiciil  :ii)d  .^nhtroiiicnl  regions  along  the  Atlantii'^^'*)'!' 
and  Gnlf  of  Mexiei'.  but  mny  lie  tniii«ferred  fnmi  one  region  losuiiidttf 
by  the  usual  veliiele*  of  tnivel.  It  in  found  in  nil  tin-  pHneipol  Htie 
and  some  of  the  smaller  town*  of  (.'nlm  ;  in  Janmii.'n,  I«le  <if  Pii*i 
and  Nieamgiia  ;  in  T^niiHiann,  especially  in  New  Orleans  ;  tn  KirtM 
Texas;  in  variouj^  plaees  in  other  Sonlhcrn  Stales;  in  a  niitnUfrf 
towns  an<l  citi™  in  Itni/il,  and  in  ceilitiii  other  hot  eonntricc.  It  i^  IH* 
DKsenlially  an  Ameriran  spoeies.  for  Mr,  Theolwld.  of  the  Rriti»li  Mu- 
seum, sliiteti  that  lie  lia.t  n.-eeiveii  ii]H'cimpnH  from  llnly,  (in-etT,  f^««. 
Portugnl,  and  Malta,  lU  pre«-noo  in  f^iiii  may  explain  llw  orrttrrrw*- 
in  1800,  of  a  very  exti^nsive  epidemie  of  yellow  fever  in  ihr  |WM'in«> 
of  Andalusia,  and,  in  IS21 .  of  another  iit  Barcelona.  Wherevrt'"* 
found,  it  apjx-nrs  to  prefer  tlie  larper,  popiilou*  centre*,  and  t«  brbot 
little  cummoii  in  riinil  dislrict-*. 


*  I%i1ailcli>liln  M(«li<-a1  JniiriMl,  July  A, 
'  Mcdionl  IU<n.nt.  Juiw  1^  W0\.  p.  90. 
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The  Stet/omt/ia  breeds,  like  fWitw,  in  smiill  willw^tlons  of  water, 
lint]  iiikI  C'arnill  fcmiul  i!k-  \urvtu  in  rain-wator  liariviM,  ■^a^inj;  j;uu 
tern  coiilaiuing  rain-water,  wsj'ivjoU,  tiii  cum*  ii«'<l  lor  rviimving  ex- 
crclu,  tin  o-ans  plawil  alMiiil  table  legs  to  jirevent  inroads  of  red  anW, 
horee-tniuyliM,  l«iv(.f  of  the  .Ir/fict  Amirri'itnii,  ami  j^-ncnilly  in  iiny 
oollci-lion  of  still  water.  The  Xew  Orlc?iins  M>i!^c|ni(o  Oimmi.-sion' 
foiim)  llio  Inrviu  In  12S  ot"210  (•isti^rn^  exiiniinftl  l>y  tln-m.  Airnniiiif; 
to  tins  authority,  the  life  cycle  of  Sl^omi/i'i  is  soiricwhiit  diflcwnl  from 
tliut  (if  otlii-r  gviK-ra,  ami  tlii-ji<*  diil'erenwy  may  neeossitate  more 
stringent  measun-ii  than  will  tutfiiT  for  tlic  jtiipprpj^sion  of  Vii/lceit  and 
Antiji/K-len,  fur  tlii'  t^jr-*  lmt«'li  rai'licr  (ten  tti  twenty-four  hours),  and 
the  larv'al  (six  and  one-half  u>  tifflit  dsiys)  and  |iii)i:il  *tiip^.->  (two  itiiys) 
are  much  shorter,  m  thai  t\ill  development  requires  from  two  to  four 
days  less  thuo  fur  Cufrx  jmngrnit,  atiil  two  wii-k.t  li^iw  than  for  auv 
si>ecie8  of  Anophg/es.     According  to  Iteed  and  Carroll,  the  egg>s  Wgin 


Fto.  10& 


Fio.  107. 


SUfomfbi /aiftuiiL    Uale.    (A(t«r  DavudO 


Sffimyis  fjunals.    I'cmaliv    'An«tl!oiru4.) 


to  hatch,  aa  a  rule,  on  the  third  day,  and  the  proceAt*  may  laid  alxint 
a  week  ;  tlie  larval  .-•tagi*  In.-dji  M^vvn  or  cinlil  davi"  iiml  tlu-  jmpal  i-lage 
two  days  ;  the  sh()rtt'*t  time  for  com|ilete  developnu-'nt  observed  by 
them  was  nine  and  ont^balf  days.  At  i»n  awnigi-  tcmjH-nitnn'  of 
75°  F.  or  higher,  the  i:i]«ecic»  niultlpHex  abundantly,  bnt  exiweure  to  a 
lower  temperature  for  even  n  whorl  time  daily  «»u.->i-s  ninch  retardation, 
and  i-ggit  kejit  at  tiS"  F.  do  not  liatch.  They  fouml  lliat  newly 
hatt^'hed  larvie  kept  at  tiS"  F.  develop  hlosvly,  and  ii-<juii'e  twenty  days 
to  rea<lh  llw  pu))al  Mugy  ;  kept  at  50^  1".,  they  full  to  r«ich  tlic  jiupal 
iitagc. 

AllhoiigU  low  tem|>eniturpii  are  diwtrnetive  of  the  lurvut,  it  in  othur- 

wiih'  with   tlic  e^*.  whicli  Ui-ed  and  ('armll  fuund  to  be  verj-  rcsi»itanl 

to  the  iiiflui-nee  >'i'  drynes.-  and  cold.     They  "bsi-rvt-d  ilmt  i^gjst  which 

had  bwn  driwl  cm   tilti-r-[m[KT  and  kept  nint-ty  ilays  hatched  promptly 

'  Xfw  Orlcaiw  Medical  anil  Siirxkiil  Jmiriml,  jHiiuory,  1902, 
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Oil  bt'iiip  itlaci-tl  in  wwlor.  I>ri**l  i-^gs,  bmuglit  frt>tii  Havana  n- 
WaHhiagtou  in  February,  wcrt  Mtsily  tuttchttl  in  Muy,  ni»H  fiinii-hiil 
altniit  RO  JHT  tvnt.  of  lite  itmial  number  of  Inrv'ie  ltuloli«-<t  rr>iiii  t>t<!^i 
egp",  l^iRM  froxiii  for  iin  botir,  ttunvct)  (Kit  lit  rniini  tuii]H-ratiin',  utill 
UliWdl  in  ail  inculxitor  at  iin"  1'.,  I)t^ii  to  halfli  ou  tUv  wisih  <iny,  cjal 
i'liniUlKtl  nctivo  liirvii>  ui)  ilie  cighrli ;  wliiK*  iiihcrH,  fr<im-ii  for  n  Inlf 
hour  Ml  two  t^iicoL-H^ivp  diiyo,  bcKnii  to  hutch  uikIlt  the  satnv  rondilirint 
im  thi>  third  tlay,  ThuH  il  would  iip{Mflr  that  tygs  iiiiiy  r-tin'ivi-  iW 
Kiiviitiii  wiiit4.T,  and  thiit  ihv  prtvfiioc  of  hiK-rnatitig  f(.-»iuli«  U  nt 
iiwi-.tsury. 

Till'  ft-iimlc  itiiiif^),  when  inii]rtfniut«d,  ii*  frtitn«lly  ntldy  tu  bih-eo 
the  spcoiid  or  third  day.  In  New  Orlenns,  ii«oi>R]iDg  to  the  Mteoiiiu 
('oiiiTni^'<ion,  th*!  niovjiiiUM-.''  an>  ucHvc  durinj;  the  (tity,  nml  |i.irtimuf!r 
in  llioafk-rniHiM.  In  (.'iiba,  Rceil  an«)  Carrtill  found  thcni  to  lit- cpfuvittll? 
arlivL-  fiviiii  4  I'.  M.  until  niitlnighl,  although  in  (ii{itivity  IIk*  Uuagn 
iiiiprc'KuutL'd  f'inith'  will  hitt-  at  any  hour.  WIk-ii  frtt-d  in  n  nMint,  (k 
dam  not  afipcnr  to  bite  a  EetHintt  time  within  live  to  teveii  tluvB. 

H,iviiij»  bittt'n  a  yi-llow  frvrr  |)ntu-nt,  it  a|>|)«ir)>  thiit  tlw  imi*<iiuV i( 
incajuiblc  of  imhioin^  the  disttiw  before  twelve  days  hnvr  ]assd. 
Th<w  tthieli  fiiilr>l  (II  iuftH'l  on  ihe  eleventh  day  M'erc  MH-t^-ssfiil  ™  I^ 
sevent^-eiith.  IIuw  long  the  ubiltt>'  to  tnti-et  eonliiinei^,  wnn  nor  Ann- 
mined,  hut  i^ii«x«i*ful  inoculation  wan  brought  al>i>ut  »a  laic  at  ii;- 
seven  dfiys  all«r  contamination. 

How  long  ihe  infi-etHi  mosquito  will  live,  tit  not  known.  The  tfwv 
men  which  wmvcyitl  the  difdu'i-  on  tin-  fifty -»evenlli  <iiiy  lived  fewn»- 
one  days,  but  the  majority  die  in  i-aptivity  in  alx>ui  five  week*.  la  » 
«tat«  of  free<loni,  their  length  oflife  de|H-nd»  largoly  u|>on  iKce£sil>il>i; 
to  waler. 

At  li-ni{H-ntt(]n-.4  b<-low  62°  F.,  S/ft/fimifut  will  not  bile,  anil  lb" 
RiK-d  aeeount.*  for  the  deeline  in  ejii^ieniie--*  of  yellow  fL'%'er  al  ^** 
Orleans  in  November,  when  the  mean  temperature  is  61.8°  F-,*"! 
their  r^XMitioii  in  Dcwmber,  when  il  lalU  to  56.3°. 

PreTentiTe  Measures. — To  avoid  epidemics  of  yellow  (fwr,  IIt«l 
iidviKvUi-s  ilic  |in-veiilion  of  inijtortatiun  of  faaea  of  die  di.-rfnw  (f* 
infected  l(K:iilitieo,  and,  when  ctBet  do  npfiear,  iIr'  u|>(Ji<^tion  of  tout' 
uret  In  pnitt^t  the  siek  from  attitcki*  of  mo(«(|uilnctt.  Screens  t4iNiH 
be  iitwd  fur  this  purp)j<^.-,  and  even  (he  d«id  should  be  tfaui-  pnrttrtt* 
for  Stfffomifiti  will  bite  even  these.  All  nioxjuit<««  in  a  hou.i;  "^ 
a  oafK-  occurs  sh<uilii  be  eaiiEht,  and  wim-li  i-liuiild  W-  made  f*>r  llit^n  ■" 
all  the  hou-ieM  in  llie  imniciliate  vicinity.  Tbey  may  l>e  drtftrcy«JI? 
fnmipition  with  i<ulphur  dioxide  (1  pound  of  iin)])biir  for  tnA  I'*" 
cubic  feet  of  aii--ti|Ki<-e),  which  llownau  '  finds  far  &ui)erior  for  (hi*  (*f" 
pOHC  to  iiinnaldi'liyde,  for  \rry  "itiiill  aniouniK  of  the  drt-  pi^  will  «" 
them,  even  when  they  are  protected  by  four  layers  of  lowcllitii:.  >f'"'' 
formahlclmie ad-*  feebly  ciml  with  iiuc-irtninly.  Pyrelhriini  ( Oalrtml'*") 
powilcr  may  be  burned  in  the  wimc  pro[H)rtion,  and  «ill  eiibi'r  till"'' 
Ktupefy  ihem,  so  that  in  thre*-  houivi  ibey  may  be  BWejrt  ujt  and  li""*"'' 
>  Bulletin  No.  B,  Hygiunc  Uboraiorv  uf  ibe  V.  S.  M.-U.  &,  SaptomtiFr,  IWI 
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N'oii-itiimuna'i  enlcriue;  infectod  houses  are  advised  to  i-uli  all  osiwsed 
surfaces,  iiicliidin^  llic  uiikli-.<,  willi  s]iiriti<  of  fuiiiiihnr,  oil  of  penny- 
roviil,  or  •'>  i>er  cent,  menthol  ointDieiit ;  Init  tlieae  agents  exert  only  a, 
temporary  [imtfrtive  iiifliii.-iKt'  apiinfit  Id-iiig  billcn. 

Of  very  great  importance  is  the  clc*lniction  of  Itirvw  and  of  breed- 
iiig-plfwwt.  Tiie  ii-sulti  of  -Hynteiuatio  work  in  iliis  direi^lion  and  of 
other  preventive  int«»ur<s  arc  rnanifcj't  in  tho  imriifTii-c  improvement  in 
the  :^iiiitjiry  eoiiditioii  of  Havana,  l.'nder  the  direction  of  I>r.  Vi'.  C 
Gui^pi-,  U.  S.  A.,'  the  ''SStt-goniyiii  JJriginle"  Ix-f^in  il«  work  of  in- 
iipecllrtii  in  Miiivh,  1!)01,  when,  in  l(>,000  houses  e.\aniini-d,  larva?  were 
fijiind  "at  the  rate  of  KM)  jkt  wiit.  Tlii:*  dtM-H  n<Jl  innin  thai  every 
house  exaniiiHHl  had  larvie;  many  hoUf*s  were  fonnd  tijat  bail  several 
reeeplMcW  whieli  coiil.-iiiKi)  lurvie."  Diii'irijr  IXs-emlier,  I'.IOI,  10,121 
hfiimes  were  inspected,  and  in  but  l.">  ])er  cent,  wtrc  tlic  larvie  found. 
Frtini  Miiy  7  to  .Inly  I  (lirty-foiir  days),  no  caite  of  the  diseasi;  oe- 
ciired  ;  then  it  was  introduced  from  Santiago  de  lua  Vcpif,  Uiul  liitev  from 
oilier  plawH,  and  yet,  diiriu);  July,  tlicre  weiv  but  4  cases,  and  ju 
August,  but  8.  Ilurinij  the  whole  year  (l&Ol),  there  wcii-  Imt  Ir^  deaths 
fi-om  yellow  fever,  and  12  of  ih(«e  occurred  in  .lanuuiy  and  FebnuiiTp-, 
iK'fore  the  work  "f  prevention  wtis  lK.^nn.  l>Mrinn  the  preetidiiig 
forty-tive  years,  tho  average  number  of  deaths  therefrom  was  7.)1.44, 
till-  iniiiimum,  ol,  (HfiiiTiiisr  in  ISiJIi. 

Mosquitoes  and  Filarial  Disease. — In  1S72,  Pr.  Timothy  Lewis, 
of  (';ili'iiit;i,  iliHi^overiil  iIihI  hiiuutn  bluml  i-*  tJio  nortniil  Imbilat  of  (Ir- 
embryo  neniatiKle  discoveretl,  in  ISti.'t,  by  Domapquay,  in  the  milky 
fluid  from  chyloa'*  ilrtip.'V  "f  tin-  tunica  vaginalis,  and  named  it  PVaria 
KitiKjiiinia  linminln.  Ijnt^-r,  Manson.  in  ciirisetpjence  of  the  discovery  of 
other  tilariie  ia  the  blixnl,  R-tmrneil  tliirt  ]>ai'ji.'*ite  Fltarii'  nm-tnni'i,  and 
niLriKil  llio  oliici-*  F.  di'iriiii,  F.  [jcrnfai'",  F.  I}<:miiripMii,  and  /■'.  Ozzanlu 
The  most  important  of  these  is  F.  yodanm,  which  is  the  enibrj'o  of 
F.  /f/iw/ft/'?!, discovered  in  IS76  by  liiiiuToft,  of  Australia,  in  |)at!cnt« 
with  lymph-scrotum,  and  named  in  bih  honor  bv  t'obbold.  The  pat^ 
ental  form  is  a  hair-like  m-inat'xU',  from  ."J  to  -l  iiiehc)>  bmg,  wliii-li 
iufc:"t-»  stiuill  «ysl-like  dilatations  of  the  distsd  lymphatics,  lymphatic 
varices,  the  larger  lymphatic  trunks  iH^tween  the  glnndi*,  tlie  lyaipbntic 
glands,  and  the  thonicie  duet.  Tlie  embryos,  which  are  alraut  an 
oightieth  of  an  inch  In  length,  and  about  a.n  broad  as  the  diameter  of 
a  r("d  liloiMl-(^irpu."i'li',  arc  found  in  the  bliH"!  of  jK-rsons  alllietcil  with 
(ilaria-sis  from  Just  before  the  approach  of  night  until  about  8,  or  !i,  or 
10  o'clock  in  the  morning.  They  enter  the  giiienil  ein-ulatton  rs  night 
appn niche-*,  and  increase  snuiiially  in  number  until  alwut  midnight, 
al^er  which  they  gi-adiially  diimt-e  until  the  timi'  abovi-  mintioneil, 
wlien  tiny  di«ap|K'ur  fnmi  ihc  |W'riphcral  ein-iiljition,  .Veeimling  to 
Manson,  it  is  not  unusual  to  tind  at  niiduight  as  many  as  ^00  to  fiOO 
in  a  tiingle  drop  of  bUio<],  from  which  he  eonclnde"  that,  at  that  hour, 
a*  miiuy  a*  40  or  .50  millions  of  them  may  be  circulating  simultaneously 
■  Public  UmIiIi  Ri'tKTU.  FebnuLi?  1-1,  li<0%  ]>.  SlO. 
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in  till'  bluod-vi¥iiel!4.     During  the  A&y,  they  may  be  fouiKl  in  tlw  la^ 
artvrira  ttiid  iei  thv  hings. 

Tlic  [larotiitp  i»  fbuiul  iudi^noiiH  in  aliiio-it  nil  tn>]iica]  and  t)ri>- 
tr(>|iii:nl  cHitiiitrii.-:s  ■"■<'  ■>'  ''li-**  <^»i>>iti'y  a.-  liir  imrtli  ».■>  ('iiitrlG«tfln,KC'. 
Ill  many  places,  a  Imlf,  and  wvn  inurv,  of  tin-  puptiliitu>n  are  found  lo 
Ik;  inttwKHl. 

Avuordiujr  to  Mnutwn,  Ihv  follon'ini;  (IiMiw(!)>  an*  known  to  be  p(o- 
«luiv<l  by  tbis  jKii-usitt':  ulMict4>s ;  lyiti]>ban^!li^ ;  varu-fioi-  ^liu  ntJ 
iixillary  ^Iiuul>  ;  lyin|ib-nrii>l(iiii  ;  rtitnnit>iiH  iind  tWji  lyniplmtk'  vxni, 
(»r<:hitiii;  i-bylurb  ;  clfphniitWiK  of  the  leg,  (croUini,  vulva,  una, 
mnuiuiit-,  mitl  i-Wwhi-ix-;  diyloib.  droiMrt-  of  i\w  Utnica  va^iuilii^;  «Jij- 
lous  OHcitcf^ :  fhyloiis  liiiirrhii-si ;  and  prolwibly  other  cl>M«i4's  Jw  l» 
ol).->tni(-tioii  or  varieoMty  of  ibc  lyinplmtin<  or  tu  tbr  ikulli  «f  ik 
[Mircnl  wurni. 

Ill  I87>S,  Maii!i»ii,  liiivii>)>  I'Oiu^ivitl  Uw  'h\m  iluit  mii'«i|uit'(» 
tni^lit  Ik-  tii.^iniiDi'iilal  in  tipRiidiiij;  tlic  Ju-ui^-  by  ai*t!i)(;  lUi  an  uiM- 
Riediatc  hon:!,  obnervod  tlit'  <l<'Vi'lii]inu-nt  of  lilnriw  in  a  i«)>t<rJi«  1/ 
(WrtT  {(.'.  i-jliiirlj',  ri-f  jiijfii-nj-),  wblcli  wju' aliinvi'd  to  bile  an  infiTdJ 
jxTsou.  Witliin  a  iiw  Inmrti,  tht  blmx!  |)U-ma  in  tb^  iiKW|iii("'* 
»1on)iu-b  btviiuKw  iliicki'nwi,  bill  not  oKiigiilBKil,  iiik)  mirm'  "(  tbs 
eiubryiM  iiiana^  ti-  ("waiie  from  ihi-ir  sboitlui  aiwl  ibi-u  mow  frwJ? 
ill  tlic-  bUHid,  and  llnaliy  twn|M^  from  tho  Monmcb  ami  ftiirr  tbr  lU- 
ni<Tic  iiiiis<-lc»<,  wlii-n-  tlay  n^niain  a  nnnibtr  of  days  ftiid  inxk^i 
pnxi^-Nif  iif  tiK-tiiiiiorjilionin,  Mliirti  rcniilt^  in  ibc  foriiiation  of  a  iwiulh, 
an  idinifiitan'  caual,  u  prfuliiir  trilolHtl   tuil,  and  ji^niit   inoraw  a 

It  waa  Mam^nV  idi'u  (but  Iho  iitfi-Ktvt)  imutqiiito  rcpninxl  ti>  adw 
body  of  Mfitri-,  laid  1«t  fgu^n,  and  iIIihI  ;  and  tluit  tlw  |wniMliv  ftwi 
thcmsplve-'  fniMi  till-  diail  birtiy,  livni  in  tin-  W'»l4-r,  and,  U-inj;  iw«i"*l 
into  l!i(-  ."toniai-b  nf  niiin  tliroii^h  drinkin};.  boiftl  tbi-ir  way  ihnxvii 
tbc  tiw*nc»  and  witi-rtil  tiir  lyinplintir  tninkn,  wlM-rt',  aitiiininft  wwJ 
mnturity,  f(>cun(lntiou  uccurn-d.  rt-xiiUiiif:  in  dnt*  cuiidm.-  of  timr  "* 
ni-w  p.-iK-ration«  of  <-ndir\-w  H'  Ix"  poured  into  tbv  lynii'li,  'I"'" 
lliroiijrh  tht>  tflnndM  or  by  tbt-  lyinpliatlfs  into  ibv  pnu-nil  cin-iilatinii. 
BjuuToti,  bowcvi-r,  >.ii(rt:i-bt<-<l  tiiat  tlit  itarasitf  k  Irani'initlal  l«ck  '" 
man  nut  tlinui^b  drinkiii{r-"'al«T,  but  by  lb<-  bltn  of  iln-  m*e^wt*'' 
and  in  1!)(HI,  O.  ('.  Low  diwcovon^l  tbat  tlic  nictnniorfJioM^I  «»«■ 
makcH  ilJ!i  way  lo  tlic  inwci-l's  limid,  and  fiiuilly  into  tbi-  nwH'f  iW 
pnihoBi-if.,  in  wbiHi  it  liff  nntil  tbi'  moH(|iiito  biuit  luiotlK-r  (x-ixm,  '"'I'"' 
Hliniiilntcd  into  activity  by  ibi*  trtii-intli  "if  the  (urom liaising  ti*»*< 
it  movCT  from  Jtn  (xi^ition  in  tin-  probof^cis  and  t-iilcr*  tltr  ««ii* 
TIk-  woniiB  thus  inlrodiiciHl  tuitli-i^  farther  devfllojimcot  ip  "•* 
new  )>u<ji(ion  in  \\iv  ^khi  and  KronR-  adult",  and  pRxw^l  tn  !*"■ 
embryos,  wbicb  miter  the  lymph  i^|uimi^  or  vr*«<.*K 

Aeconlini;  lo  Manniin,  in  most  msi*  uf  infection  tlw  jmivilf  <^ 
ciw*  no  manifest  injiiri"nfi  infiiKiK-e  whatever,  ami  in  (ho«>  iw«»  * 
wbicb  injnn,-  i.-  i'nii8i>d,  tho  Inniblo  is  due  in  the  main  to  olwtnict""' 
of  ttiv  lyinphatJtM  by  tJiv  jKirvnt  womw. 
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At  firsl  it  wa«  believed  tluU  the  iiilcnmiliatv  iio«t  was  Oitfet  riliiiritt 
{i-el  pipieus)  alone,  but  a  immber  of  utlitr  musquitue«  art-  now  kuown 
to  iK't,  iiicluiling  s|K«icii  of  Culrx  ami  Anopfie/i-ii.  Tbiw  iiicbiHe, 
aocordiiiji  to  James,  .1.  ItfJMtU,  C  ulOfpuiinliitiin,  and  (J.  iniproannii' 
liilfiK :  iiiul,  iiironlirig  tit  Ia'W,'  C.  fiitiijniiti ;  and  t<i  Vinwiil,'  .1.  alht- 
munu*.  LtiM'  rL'jKirte  tliat,  in  ISsirbjidoiw,  iicitbcr  iDiitunii  nor  iiiiv  y-yiv- 
eitw  "f  AufiiikeleK  U  known,  but  tbat  there  are  miioh  filarial  disease  and 
an  extnioniinar)'  ubunilunci-  of  (.'.  fiiiiynim.  In  tiOO  blmxi  cxiiniiim- 
tiiins  of  (MTrfrtn-^  taken  at  random,  12.1)0  per  cent,  yielded  FiUw'm 
nocliinm.  In  Trinidmi,  ViiKX'nt  limnd  in  -'lOO  ciim.'.-<  tiikcii  iit  iiindoni, 
n  [XT  cent.  infest*d  with  iilariic  and  (i.fi  jjer  cent,  wilb  elc|]liunttii(I 
dii^c'isc.  Id  CVt/fx  jiiliyit'iM,  it  wiw  obwrvt^l  llinr  tlie  final  stafri-  nf 
metamorjihosis  was  reached  bctwwn  the  sb(t*t;nth  and  nineteenth  daj'*, 
bni  wiili  .1.  irlfuiii'iiiim,  ^imi-  mine  of  tlie  fii»ecimfji.-  livwl  hi  captivity 
bcvund  the  tnelftb  ibv,  it  was  not  |>0!ssible  to  determine  deliniu-iy 
when  till'  tlnal  >t;ige  i.i  rtwlicd.  In  the  cane  of  ('.  cllinrlH,  Itancroft 
prolonped  the  life  of  the  inncet  iind  fiiliowod  the  developnienl  of  tb« 
paranit*'  tn  ibe  lant  stage  of  its  metjimorphoHiH,  which  iweurivd,  under 
liivipnible  ei'ri(iitioii,'«  of  tenipenilnre,  at  ubont  llie  sixleirntli  or  i^evun- 
teenih  day  after  tmling. 

l-'ilitriii.  iHurnii  i^  u  form  wbii'li  li*  dftioetwl  in  the  blood  only  by 
day,  and  it  has  been  Hipposetl  to  be  a  dUtinct  )!]H-cie»,  iiUhon^h  nothinfr 
is  known  almut  its  life  history  or  patholojfiral  Hijrniticance.  Aceord- 
inji  til  ihe  tiiidinir<  of  the  Xifreriu  Mulariu  Kx|H'<lilioii,^  howcvw,  tliei* 
nri!  .-o  rniiiiy  [mini.-  of  n'.-cnililanee  liofween  the  two  fornix  thai  it  i» 
jw-isiliie  that  they  may  Ik-  ideiitieul.  It  in  |K>inte<l  out  that  ihe  f;e(>- 
jrraphieal  distribution  of  the  two  forms  is  in  close  agrc«ment,  xlthongh 
in  manv  jtliiiH'.*  where  F.  imcliirnn  i»  known  to  exist,  F.  iliiiniii  has 
not  iM-en  noted  ;  but  the  biter  is  not  knouii  to  exist  where  the  former 
i>  alweut.  Kurt hi-niu ire,  in  .■Mime  of  the  Paeilir  i^hrnds  where  ele- 
pbantiaFiid  is  excewliugly  common  and  F.  Hocl.iu-»a  is  fonnil,  there  is 
none  of  the  cliiirm;t<-ristie  iioeturniil  [K-riodieity.  Wiiere  Uiih  were 
found,  the  nieinbiTs  nf  the  expedition  were  unable  tn  distin{^rui>ih  In 
any  way  the  one  fnnn  from  the  iilher.  In  wnne  ciim-«,  etiibryns  were 
fonud  ilnrinji  tmth  day  ami  night.  It  Is  known  that  when  iier^ons 
inffsted  with  F.  noclurnti  change  ther  habits,  so  that  they  .-licji  by 
day  and  keep  abuiit  by  night,  the  filuriip  urc  found  in  the  iieripheral 
cireulatiou  only  dnrlnp  the  day. 

Filnria  iJetnun/iirrii  ii-si'iiiblfs  F.  il'mma  and  F.  iinrtitrnn  m  itbujie, 
but  not  in  ciw,  Iwiii^  about  half  a^  larK^-  I*  "*  pn^sent  in  tlie  blood 
both  by  day  and  by  nijrht  in  tlie  |K-riiihcnil  eireulalion.  I^iw  *  Imit 
atlempteil,  without  success,  to  determine  the  intemiei;Iiate  host  lux-ee- 
«ar>'  for  the  development  of  the  embryos  to  the  jxtint  whi-re  they  are 
eapilili-  of  fiirtlier  jjniwth  In  tmni,  hut  if  <if  ihe  opinion  that  the  inter- 
incitiiitr  host  is  a  bliMnUsueking  insect. 

Hosqtlitoes  and  Den^e. — Coneernin^  thr  etiolo;^'  nf  thin  «liM.'»«e 


'  IlriiUli  MKdimI  Journal,  8«iii«aib«r  14,  laill,  p.  fiS7.        '  Ibuitrm,  Janunry  iV,  190SL 
*  M«Tn(iIr,  IV.,  )>.  89.  *  BriOidi  hti-ilitil  Jounml,  Juiiuiir>'  ^i  IfOZ. 
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nf  tropical  climates,  notJiin^  baa  ever  l>pen  known,  although  many  li;- 
]M)tlK-.stis  ililVi-riii)j  widi'ly,  liav«  b(*ii  mlviiiM-r^l.  Ri'ONJih',  hnwiAw.  an 
iiivrstigation  (•oinliicled  bv  Dr.  Harris  Gniham,'  in  tlic  vi<-iii(t_v  of  Bi-v- 
nxith,  ii)  Syria,  iingilinitus  tiu-  nioMjiiito  as  an  ini{K>rtanl  tador  in  iii- 
eproul.  At  lliv  plauf  mciilioiu.tl,  tbr  (liwsiv  i»  very  pruviiltiit,  uint 
nii)»qiiitm>s  of  tlie  g<?nnB  Calcr  are  a  senoiis  pest.  Gmliani  ohN-rvwl 
llmt  t)ic  tlii^tiHc  or'nirrifl  in  ]NTW)ni(  nndcr  iilmcniitioii  onlv  ulu'ti  tWy 
were  hittou  by  infected  niof^rpiitocf,  and  that,  wlicn  tlu'v  vrciv  hilttn, 
titc  (li^i'u.'ii.-  invariaMy  fiillowiti.  Fur  exnmpiv  :  )w  upplii-d  n»«M|urtjx;i 
to  a  [wivou  ^ufTerin^  from  it,  ]in<],  afU-r  tlivy  liad  bitten,  Rarrivil  iLtiu 
in  u  paper  box  lo  ii  village,  high  up  on  n  moiinlniri,  wtu-tx-  tlif-rr  ^vs 
nil  ciisi'  i>r  liii-  iliswii'L'.  There  lliey  wvW  alloM'etl  tc  bite  two  ap|Hin-nlI/ 
lipalthy  i>errtiin)i,  in  whom,  in  f'>nr  anil  six  iltiys,  rew|>«-<'livi'ly.  tvpiij 
attneks  oecnrrLsI.  In  ii  Inrf^-  "'""ber  uf  «i;wc,  he  nwide  exini)inutir<ii« 
of  the  blcHHl,  and  iii  even-  iDBtnnec  he  found  in  die  nJ  eor|Niw]K  an 
anwbtml  iminfite  whieh  hori- ■(VM.iidcriiblc  reseniblnnoi*  to  the  nialnriai 
Ol^ni^i^l,  bui  re(|nii-Ml  a  much  lon^T  time  fur  its  eyelio  (Ipvpl'ipmml 
oik)  .hIiowihI  nil  ]ii^tiH-nl  iit  iiny  Mii^c  Tin-  itr^iiii.sin:?!  miv  fniiinJoi 
tiinc«  uj^ii  in  the  bloml  jiliismii.  FlBgi-IInte«l  fortne  were  iibserMfl  nl«> 
ill  Hinie  ca«ce  when  the  hloiNl  hm)  utood  for  »oin«  time. 

Fiirthir  nbsi  rvtiti'm  nml  >hnly  are  iibvioiwly  (hwinible  and  niwsapr. 

MoBquitoes  and  Distomiasis. — Jn  ii  recent  communieatiim,  Dr.  F. 
Miircininii'  ^'iws  <Trlaiii  l:ii-t.-<  whii-li  ^n^ir--'<(  timt  ttK-  prinftjinl  iimlnry 
lUDF^fjutlu  may  Bcr\-e  as  an  intermediate  hurt  fivr  ilt'-tonial  diKsiiif''  i* 
tircU.  At  the  request  of  FiyireiWivr  Celli,  lie  cxuminwl  n  huigc  inioilrt 
of  Anophtfri*  ntaiiilipfnim  to  m-orrtnin  whether  llie  hibernntiiif;  JBWt* 
C(>ntnin4-<l  niiilnri:!!  |>anisites  in  their  rtnmaeh  and  sahvnn-  irbiidH.  I  |i 
to  the  fifteenth  diiy  <^\'  Man-h.  he  fuiind  fix>m  I  to  ">  jn-r  eenl.  of  tl* 
inoMjnittx'!*  to  he  iulecled,  and  from  that  time  nntil  the  end  1/ Mi' 
the  examiiuitioD  wa)«  couipjeti'ly  iiegativc.  In  hix  exAmiiuitiom  It  Inp- 
pentn)  fre»jHent!y  that  he  found  in  the  iitHlnminal  ra\-ity  a  dieatnuliTt 
tPeniHttxIe,  which  on  clone  .-linly  provwl  to  be  n  diKtoimitO.  In  Ml? 
ami  .Tune,  fully  half  of  the  ^^peeimens  examined  pntvwl  to  Iw  infi*"*'' 
The  di.-toniuni  wii^i  rarely  fmind  singly ;  sontetiniot  livr  or  ti'U  "f 
foun<l  in  one  mosquito.  Frequently,  they  were  in  the  rcarnuw^t  *»;pW 
of  the  nlidomcn,  but  he  found  tlK-m  also  in  the  milivary  ihiels,  Smn- 
tinieK  thei' were  five  in  the  thonix  and  in  the  :i)Mh>nien,  but  in 'I'' 
majority  of  olhi^  they  wt're  (-neyated  on  the  outer  wall  of  ihe  tlnrav^ 
uiid  a-Kophajtu*  ami  on  the  inner  wall  of  the  abdoiniiud  mvity.  Tni' 
difitomum  nearly  filh-d  the  cyst,  wafl  von-  motile,  and  ewlaivum!  to 
bn-iik  thr«n)rli  it.-*  envelo|H'  liy  bulting  willi  it.-*  fnnpftrt.  Sevewl  f""* 
he  foumi  not  only  the  di-tonia,  but  lilitriiil  infection  a*;  vn^l.  <" 
possibility  that  the  iMimcile  nmy  W  eiiiDninniealed  lo  man  lhi»iip"' 
wound  made  in  biting  is  obvious,  and  thus  may  be  explained  lin"  ""P" 
]>ot-ed  entrance,  through  the  skin,  of  liilhartia  htrmatwia. 

'  Ntralscil  Rcconl,  I-'.-bniiiiv  «.  111(12. 

*  i'eniralblsu  Idr  ltakl«ik>lu)[lc,  i-ki,  XXX.,  !>*&  34,  IVOI,  |k  MIL 


CHAPTER  XIII. 
HYGIENE  OF  OCCUPATION. 

The  influeDce  of  occupation  on  health  and  longth  of  life  has  been 
the  subject  of  much  iiivestigutioii  since  attention  was  first  callecl  to  its 
importance  by  Professor  Bemardtuo  Rumazzini,  of  Padua,  in  1700,  but 
more  particularly  during  the  last  half  century.  Althungh  his  work 
wad  translated  anonymously  into  English  as  early  as  170i>,  tlie  subject 
appears  to  have  been  one  that  did  not  apj^eal  with  any  Bpecial  force  to 
English  social  scientists  and  medical  men,  for  the  first  English  work 
of  any  importance  was  that  by  Mr.  C.  Turner  Thackrah,  a  practitioner 
of  Leeds,  on  The  Effectn  of  the  Principal  Avis,  Trades  and  I'rofengioits, 
and  of  Ciric  Statefi  and  Hdbibi  of  Living,  oti  Health  and  Longevity, 
published  in  1831.  A  French  translation  of  the  work  of  Ramazzini 
appeared  in  1777,  and  formed  the  groundwork  of  P.  Patissier's  Tralt6 
den  MaUid)e«  de»  ArOaana  el  de  ceUee  qui  JiSaultent  den  DherteH  Pro- 
/esaio»«,  rPapi-fs  Ramazzini,  which  was  p«l>lishctl  at  Paris  in  1822. 
It  wa-s  tmnslatcd  early  als<»  into  German  ;  but  the  first  work  of  any 
importance  on  the  subject  by  a  German  writer  was  tliat  of  Halfort, 
Entgtehung,  VerUinf,  xtnd  Beliandlnni;  der  Krnnkheiten  der  KUnstler  und 
Gew^betrcibenden,  published  at  Berlin  in  1845. 

Since  the  awakening  of  iutert^st  in  the  siuhjcct  in  England,  France, 
Germany,  and  otfier  Europcjin  countries,  and  the  United  States,  it  has 
been  extensively  and  minutely  studied  in  all  its  asj)ects,  and  to-day 
its  i)ibliogra[>by  includes  thousands  of  titles,  mostly,  however,  as  w(nild 
Dattirully  bo  supposed,  of  monographs  and  memoranda  pertaining  to 
individual  callings.  From  this  vast  amount  of  material  from  all 
sources,  numerous  tables  have  Ik-cu  constructed!,  showing,  it  is  genendly 
supposed,  how  the  various  oecupiktious  stand  relatively  in  the  amount 
af  influence  which  they  exert  on  the  longevity  of  those  engaged  in 
them.  From  these  tables  it  api>ears,  for  example,  that  those  who 
Follow  wmie  particular  catling  arc  more  prone  to  ci)ntract  certain  dis- 
aascs  than  those  engaged  in  another ;  that  in  each  hundred  individuals 
»f  some  one  class,  a  greater  number  of  deatlis  will  occur  in  a  year  than 
in  each  hundred  of  another;  that  the  average  age  at  death  of  those 
engaged  in  one  employment  is  lower  or  higher  than  that  of  those  in 
mother,  and  so  ou. 

As  in  all  findings  hawA  upon  groups  of  units  with,  perhaps,  hut  one 
2ommon  bond,  each  unit  being  subject  t<)  a  variety  of  outside  influences, 
:he  conclusions  drawn  from  this  vast  mass  of  material  are  influenced 
lai^ly  by  fallacy,  and  include  wheat  ;md  cliafF,  fact  and  fancy.     In 
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ntany  caacR,  geueral  Htstetncnt^  ur«  bused  upoo  each  a  flight  fiiiinda- 
timi  iw  111  imlitnlo  ihul  tJit-ir  atithors  arc  (lOcioatMMl  of  lluii  (kifmnf 
gi-nitiM  wliicli  tiai^  bi-eii  deling)  iv-  llic  uliiliiy  to  ^4-m-nili)U'  I'nini  a 
i<iti^li.'  iimtuiKX'.  In  Diauy  others,  llioy  un?  )xiA(,tl  ii[Hin  fucb-  and  cuu- 
(litioiiH  wliich  uu  lon|?i.TL-xi)>t,  Uif  mvthude  followcti  in  thv  aiiimfiictUK 
uf  ttiir  (Nirticiilnrnrtioloenncerned  Itnving  uiHli-rgtinc  »  conijilil^  clmiiiie. 
For  exiinipli',  »  iinxuvi^,  furiiuTly  RirriMl  un  )iy  iiioii  in  mdiiII  tAinl)!!-!)- 
niriil!*  mil  l>y  m jit«-r-]i(i\v't?r  in  tlje  viKiiilrj-,  iiisiy  have  been  cinwn 
XraWA  iti  iarHc  riiilU  nm  by  i<Uiiiu  and  «tuau-«l  in  rniwdttl  nXw :  iW 
niachiiurn-  is  diHVri-nt  and  more  jicrfcet,  and  n-(|uirf6  nolbiii):  m<n 
than  tV-cdin);,  ant)  thi»  iiiay  b«'  dtiiiv  by  n  Imy  or  ^rl,  in.itt.'wl  >•['  im 
Ailiilc  man.  Here,  tlie  uMc-r  TaL-tM  inny  no  limgiT  ii|>|>ly  in  any  «-<iy, 
uikI  for  prL-!rout  ]iur|iuM-r«  ybinild  b(.>  nl)aiidon<>d  vt»  Ix'iongiii^  In  to  ii' 
tiiict  occiijiation. 

It  is  oftcti  dillicuh  or  tDi|HiM;ib1e  in  the  study  of  tbe  oflwU*  iif  ocni- 
pation  to  cliiiiinati'  onlndc  infliiriKH's  ubicli  nixy  iifTitTt  tliu  liraltli  I'f 
llii'  worker  lis  iiiik-Ii  ii^  or  iiiuil-  than  tbe  (riroiiniflaniH^  ol'  bin  tniJi'. 
A  liTitidritl  men,  liir  cxamjih:,  fnim  difUrt-iil  .■•iratii  tif  mh-k^v — ^kwo 
niiiniiil,  i.)ih(-i't<  mii^Iv  ;  some  Hving  in  coiiiloitabk-  boum*,  ulbcru  ia 
chwrlesj^,  unMinilary  tcncincnt-H ;  .■<oini*  AjH-ndin);  tlioir  m'l-iiing!*  in  wbiJt- 
sumv  i^rciXflitidii  amid  ivbok-dwnic  jmrniundiiiirs,  i>tlK-re  doiiij;  i-xmiiie 
work  111  pkiLicrH  of  ])iihlic  ciiU-nainnienl  an<!  clr^fwlM^-,  i>r  .-jh'ImJiii^ 
tlirir  litnc  uiiii  w.-ipvji  in  tlie  ]Kitlis  of  viw ;  «niic  iiatitniUy  niliu^  a«I 
utlicrs  inclintil  to  di(ica.Hc — ciigugo  in  the  sanw'  (xinijHilion  a)  tlipiw* 
time.  Diiriiijj  tbu  year,  lliorv  ii>  conniili'mbU-  Mckm-**  uniun^  tiami.iii"' 
some  nf  thfin  iVw. ;  pc-rhajw  tbwo  inchide  mainly  yoiin^  meii.  JWI 
il  Ik- Niid  withmit  a  caix-t'ul  atialvM.i  of  all  the  rintiinxtanm>  of  tlMir 
lives  and  of  the  immediate  cansi*  of  tbeir  dratlLs,  that  iheir  c«lli(* 
i»  mtet-warily  ininiioal  to  Iiwillli  and  liinpevilyV  Tbij^  one  ditJ  "f 
smallpox  ;  tbi»  one  of  coiinnTiiixioii ;  tliii;  one  of  n  blow  nn  tbr  InM 
while  dninlt  ;  r]ii«  one  wiiw  druwijiHl  :  two  were  vietiinn  nf  tJi^rtO 
fever  Mnd  two  of  pneumonia  ;  eiglil  in  all — rndy  n  lurgf  jwrniiupl 
but  chilli  till.-  Iniile  l>i-  liliinie<l? 

It  must,  iif  eiitirw,  be  wlf-cvideut  that  (vrlain  occiipattnM  "^ 
intriiirtie^Uy  dangerous  to  htalth,  l)e«iuse  nf  ibe  natiin-  of  ibf  ^^ 
Ktunoes  with  wtneli  the  workers  are  Imnijilit  in  cx>nt(irt  ;  ni»l  llx^'*"^ 
projKrly  clasp'ei.l  as  danj^roiip  tradetf.  Miiny  otlM.'i>  arc  so  elan-"''.'"' 
bi«HW  <if  any  intrini'io  lianinT,  but  on  atfonnl  of  tlw  |>«'uli»r'*'** 
ditions  nnder  wbieli  tbeii'  are  onlinarily  Hirried  nn,  tlie^-  ti«ilinf;  I* 
rcdm*  the  physioloj[i«tl  resirtan«*  to  difwn.4tt.  Still  <i<lien  ■rr<i***' 
9,%  cl)mgenni.>  to  hniUb  wliicli  are  merely  dunj^rouc  I"  life,  thr  I'aXv'*' 
ual  beinn  subject  to  nieelinnie;!!  violenw  while  in  tlw  enioyiwi"  " 
|ierfii-t  liiiillli.  nie-'ie  niso  arc  pro|KTlv  to  Ik-  incIiMktl  aimii'l.'  '"^ 
danperous  tnideii.  But  the  great  niajorily  of  eallinf^  are  m-itdi-r iniw 
pieally  danji^^miis  nor  «irrii,ti  on  under  [M-ciiliar  comliiiom  ftvuwi!  * 
low  "tnle  of  lieultb,  y«t  many  of  these  fipnre  in  «tntistieal  tables  t"  •*"" 
n  way  as  to  lesid  to  tbe  eonebir-ion  that  tlio*  en^fptl  in  tbrtu  ™^ 
have  liltli-  bo[H!  of  green  old  aj^e,  while  others  iu  oocupotioosni'j''*''' 
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cally  the  same  nharacter,  but  under  difFerent  naiues,  give  promUe  of  a 

full   JHTilnI  <lf  llM-ri)llK^ft». 

Statistical  tables  of  longovitj*  of  proupH  of  indiriduiiU  engaged  ju 
the  variouN  t'ulliii);^  stinnk)  be  iinod  Willi  niin-li  I'ln-iimr^ixfi-tiiiti  iind  with 
a  fine  regard  lo  the  various  circumstjiiiccfi  which  deterniine  tlie  eliiiiee 
of  inidi-,  till-  agi-  of  (he  iiulividiml  «t  the  lime  of  engaging  ujhhi  it,  the 
length  of  time  which  oof  may  scrvp  tH-fiiR-  i-ngugitig  in  anntlHT,  (be 
jKvuliar  eonditions  nnder  whioh  the  ealling  is  pursued,  and  the  prob- 
able cbunieter  of  the  iiitliii'iux'j'  whieh  iillW't.  the  wvll-ln'inj;  of  (he  in- 
dividual while  he  is  nut  imiiiLxlialelv  engaged  ;  that  is  lo  say,  his  home 
Murriiiiiidings,  Id^  [KTMinul  ha1>it','<,  the  iiatnre  of  )ii->  n-liixalions,  ihe 
quulity  nf  bis  foix],  iind  other  faetorx.  Tables  biiHiil  o»  (oreigii  i^tnti^- 
tics  thould,  fiirthemiori',  W  imt  too  freely  aeeepted  as  appli<abte  I"  home 
ponditiniis,  owing  to  differences  in  nieial  )K-cndinrilii'.«  hihI  ofenndiliiiiiK 
under  whieh  thiwe  engaged  work  and  live,  for  one  ran  hardly  suppose 
that  any  wie  t:]ms  worki*  and  lives  under  r,!ie  sfime  eondilion.i  in  all 
countries. 

'j"he  eonditions  which  govern  tho  ehoiec  of  an  oecupation  are  of  very 
great  iniportaiitM?.  Many  cjdlings  demand  men  of  robust  build  and 
gom]  health,  and  manifiHtly  ar<>  iniriuilid  lo  t!ie  weakling,  who  natu- 
rally is  altraeted  lo  other  m^nipiit ituis  of  a  lighter  ebunider.  On  Lhiii 
score  alone,  statisties  may  be  grossly  fallaeioiui.  For  exaniple,  i»  cer- 
tain tables  it  will  Iw  (ilwrvoil  that  the  eliw  de-^ignaUHl  iw  elerks  have 
a  I'lW  average  age  at  death,  and  from  this  it  may  lie  inferrotl  that  the 
calling  in  one  whieh  iK  intriiiHieallv  iiu.'i>tii|)afi1>l[;  with  lung  life.  But 
is  it  fraught  with  danger '/  Is  it  eondueted  under  jieculiar  conditions 
whifih  tend  tii  bring  iu  iinfortuniilo  follow.'errt  to  an  early  gnivc?  Or 
is  il  not  nulier  the  fiicf  that  it  is  the  refuge  of  a  great  iiumlxT  of  tbotte 
whose  physical  powers  an>  sueh  ihat  they  are  uiHuiNil  tn  coiplnyniwJK 
wliieli  call  for  greater  robiii'luejw,  and  wbii,  inevitably  marked  for  an 
early  desitb,  regai-dless  of  their  calling,  reduce  the  average  age  at  dvath 
of  tlie  entire  ela«^ 

Oil  the  other  hand,  certain  ooeupatlonH  uivolvlng  ranch  severe  mus- 
cular effort  apiMsir  lo  \k-  enndiu'ivc  ti)  long  lite,  in  ipite  i>t'  the  eimdi- 
lioiis  under  which  they  are  pursued.  Here  must  l>e  borne  in  mind 
that  ill  these,  the  weiiker  iiHhviduali*  mid  those  wIkisc  powers  begin  to 
fail  are  forced  into  other  onuipations,  and  that  those  who  remain 
until  the  end  show  an  average  agi>  at  dmth  which  is  eloquent  of  the 
benign  iiitliienci'  iif  tin-  i.ulling.  It  Ik  iindnuiit^Hlly  Inie  that  niuwular 
effoil,  earned  to  excess,  will  undermine  the  health  :  but  imt  foi-eed 
bc>'oud  reiwonable  liinil-s,  and  particularly  if  curried  on  niidcr  good 
hygienifi  I'lirnnindings,  instead  i*f  being  in  itself  prejiulicial  to  health, 
i*  [iromotivo  of  il.  Those  who  are  tiirced  into  lighter  ix^ciipntions  may 
finil  till-  ebani^-  udvniitageoiis  ;  or.  on  the  othiT  hand,  entering  upon 
them  alreaity  broken  in  bealrh.  may  help  to  reduce  the  average  age  at 
death  of  all  tho>e  eiigagi.tl  Ibeit-in. 

Another  influenee  having  a  l>earing  on  the  choice  of  occupation  ifl 
the  high  wage  offei-ed  t«  attract  workmen  to  trader  whioh  arc  profierly 
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conceded  to  be  dant^roiu  1<>  htnllli.  llic^  nrv  naturally  tmattmctn'e 
In  iiH-H  of  soum)  IkmIv  aud  mimi,  to  nlioni  tiealtli  anil  lift-  an-  "wcrt, 
aud  henco  they  find  tln-ir  ni'ruiin  iinxm);  ihc  ltmken-<lown  and  viciott', 
Ui  whom  the  rate  of  pay  oflcrg,  \a  tbc  one  vimk,  initiK-4luit<!  niuoh-Dc^-di^l 
and  uthcnviM-  iiiiiitlniiiiihli'  tiiiiincial  rt^Iiei',  and,  in  the  otlier,  opportaaitr 
for  a  chort  jwrioii  of  iiiirL't-IriiiiKii  liwii«'. 

Statinlit^  iTUHvrning  <)<«u|)atiiins  entered  upon  at  an  early  ap?  and 
JoUowed  for  but  a  limited  iiiiriilKT  »(  vmrs  ii»  ■  jm-liiniiiury  trainiofc 
for  other  calUngH,  and  those  which  from  tlielr  very  tiaturc  dpfnaiid 
men  of  yridt-  ix[)frieiic»',  iu-tice  well  niiiturt-d,  ain  I»c  of  little  or  no 
value  i]nleB.-i  the  occupations  arc  in  wnuc  wsiy  nf  intrinsic  tlaiiKt-r.  We 
liuil,  for  i-xiiiiipk-,  in  ct-riiiin  slatistieal  tiiUU-.-  dfaiinjjouly  with  indiviiU 
uals  above  ibe  a^e  of  iO  yejir*,  timf  the  aventKi"  s'E*^'  at  <l«ilh  »f  ntudiittt 
is  about  2:J  years,  while  that  of  prof(*tiors  exceeds  50.  The  manifest 
iibiitu'dity  of  attenipliiif;  coiiipari»uiii>  nf  the  lioKlthfuln^Mi  of  tbe?^'  twn 
oecn)>ation[4  is  brought  out  ?lill  farther  bv  reversing  the  case,  and  fup- 
p<ii!'iiig  llio  pntfi-jisors  to  iVw  "If  iit  "i^i  and  tlif  ftTiidents  at  50.  Since 
even  advanced  irtudeuts  iu  the  professional  M^'hooU  yav^,  »»  a  rule,  out 
of  the  Atiidejit  cla^n  and  into  their  choiten  lieJdfi  of  uw^lness  long  befotv 
their  tliinielh  y«ir,  it  cannot  cauw  Burprisc  that  Ihowo  who  die  bcfut* 
iJieir  Iraininjf  in  conipli-ied  do  not  show  a  high  averagi'  ape  at  death ; 
and,  on  tiic  other  IiiukI,  vlnoc  mk'h  of  li'.-iniing  an-  not  oiilinarily  iiilln] 
upon  to  aii.<4Ume  th(-  duticn  of  pivfci'^on^  until  the;)'  iiavc  puBM^l  lliroiigh 
the  lower  ^nidct  wliicli  i»id  to  tliat  rank,  it  ia  to  be  expected  that  ihrar 
average  agi-  at  death  will  \>c  fairly  high.  To  eoin|xirc  iiiiitciuintif  and 
niajor-jicncnd".  cliipiang-i'lcrit-s  anil  retired  mnn-hanls,  apprentices  ami 
nia^tt^r  earpt-nteiv,  would  \ie  no  more  absunl.  The  iivcmgi*  ape  at 
death  of  any  one  uiliiu^  iini.il  be  largely  influenced  by  the  relative 
number  of  individuals  of  the  different  age  |Rriod»  cugagi J  iberein,  JH*t 
aj>>  i.-  the  cjihc  with  the  [Mipuliitiou  in  general. 

Another  fact  that  aficct"  the  jigc  at  which  work  1-*  uufh-rtaken 
is  a  very  low  ivap-  offi-red  even  iu  time*  of  provjicrily,  iii>  low  a* 
to  lie  no  indntvuieut  to  btwii*  of  fauiilie.i,  but  Mitheienily  high  to  eaufie 
them  to  help  out  their  financial  condition  by  making  u«e  of  ihuir 
iiH'^-liriug. 

IVforc  proceeding  to  a  elas^ification  of  oc<'n[>«lion»  according  tn  tlie 
cireum-'^tjuiei^  which  ilelerniine  their  healthful  net*,  it  is  doirablc  to 
eouniik-r  the  signilicnncc  of  the  wwnewluji  liMisi-ly  applied  term,  oet-ujyo- 
titm  duta*ee.  li^veiy  form  of  oceujiation  and  evcrr  fomi  of  life  of 
lelture  ltii><  muue  iitlcuilaiit.  eirenuiniiuut-r'  which  may  at  eome  time,  in 
one  way  i>r  anotlier.  bring  aU)til  a  prttlispofition  to  «Mne  form  of 
disease;  and  to  ngiinl  even,'  di.-«y-e  of  an  artisan,  tnidcwnaD,  or  pro- 
fessional uuiu  us  attributable  to  his  jnirlieular  calling,  is  to  tall  iiiio  a 
comiRon  inexeusahle  error,  for  workers  and  drones  ha^T  must  diseoHS 
in  ronimon.  It  is  biyond  diopiite  that  ci-rlniu  |Mith«t<jgical  eonditioiM 
art-  (wused  and  others  promoted  by  n-rtain  'xvuiiations,  and  it  i:<  er|uslly 
true  lliat  most  dism.se^  already  aetjnired  may  be  iulluenoed  for  Iwttcr 
or  wonw  by  one  or  another  calling. 
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The  true  occupation  disea*<e  is  that  which  in  all  probability  would 
not  have  been  acquired  had  the  individual  not  engs^ed  in  his  par- 
ticular calling  or  some  other  in  which  the  conditions  are  essentially 
simikr.  A^  an  instance,  may  be  cited  the  lead  paralysis  of  the  house 
painter,  potter,  compositor,  and  file-cutter.  Certain  diseases  of  com- 
mon occurrence  in  the  ]>opuIatiou  at  large  arc  promoted  by  the  condi- 
tions under  which  \-ariouri  cnllinga  are  carried  on,  but  these  cannot 
properly  be  called  occupation  diseases,  since  the  exciting  cause  is  in  no 
way  a  part  of  the  business,  and  under  better  hygienic  management, 
combined  with  more  favorable  outside  influence)^,  might  be  avoided. 
As  a  conspicuous  instance  of  this  class,  may  be  cited  the  tuberculosis 
of  dressmakers,  cutlery  grinders,  and  operatives  in  the  cotton  and  flax 
industries,  promoted  by  overcrowding  and  inhalation  of  dust  while 
at  work,  and  by  all  extraneous  conditions  tending  to  lower  vitality. 
The  plying  of  the  needle  is  in  it«elf  in  no  way  inimical  to  the  in- 
tegrity of  the  lungs ;  the  grinding  of  the  steel  implement  on  the  wheel 
and  the  running  of  the  loom  send  forth  none  of  the  specific  bacilli ; 
but  the  overcrowdiug  in  the  one  case,  and  tlic  unavoidable  inhalation  of 
irritating  dust  in  the  others,  bring  about  the  couditious  which  offer 
fertile  soil  to  the  germ  of  die  disoisc. 

Certain  conditions  are  influenced  for  better  or  worse  by  different 
occupations,  ns  has  been  stated.  Among  these  may  l>e  mentioned 
sniemiu,  which  not  uncommonly  is  clawsed  among  the  diseases  of  occu- 
pation. Under  the  conditions  of  many  indoor  callings,  this  state  is 
easily  brought  about,  or,  if  already  existinjr,  increasiil ;  but,  on  the 
other  liand,  under  those  of  outdoor  occujmtion,  it  is  not  likely  to  be 
induced,  and,  if  already  existing,  may  be  made  to  disappear.  Many 
occupations,  for  easily  explainable  reasons,  draw  their  workers  Lirgely 
from  ihiit  portion  of  tlie  ])opul;ition  which  is,  if  not  already  diseased, 
predisposed  by  heredity,  habit,  and  home  surroundings  to  antemia,  tu- 
berculosis, and  other  disorders,  the  onset  of  which  may  be  hast<incd  or 
delayed,  according  to  circumstances.  In  these,  and  in  occupations  in 
general,  it  is  not  an  easy  matter  to  determine  correctly  the  amount  of 
influence  properly  chargeable  to  the  cidling  when  disease  upjKitirs,  siuct! 
the  conditions  imder  which  a  trade  is  carried  on  may  l)C  widely  viiri- 
able,  and  their  influence  for  good  or  evil  ('xcee<lingly  complex.  Among 
these  conditions  may  be  mentioned  indoor  confinement,  nature  of  ma- 
terials, geographiciil  location,  and  wages  paid. 

Whether  an  occupation  is  cirried  on  indoors  or  outdoors,  is  of  much 
importance,  for,  other  things  being  e<|iml,  outdoor  cmitloynicut  is  far 
more  conducive  to  health  than  is  confinement,  even  in  well -vent  i- 
ated  factories,  iu  which,  with  the  best  of  systems,  the  air  cannot  l)e 
maintained  in  the  condition  of  purity  which  obtjiins  out-iidc.  Even 
'hu-te  callings  which  subject  their  followers  to  great  vicissitudes  of 
veather  appear  to  be  more  conducive  to  robustness  than  those  carrie<l 
»n  indoors,  particularly  if  the  nature  of  the  work  is  such  as  to  ciill 
Xir  freedom  of  movement  and  f^e-at  IxKh'ly  activity.  The  sailor,  the 
«tter-carrier,  or  the  farm   hand,   for  example,   working  in  the  i)\ivn 
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ftir,  in  Iitat  an<I  colcl  anil  in  all  kiuds  of  wwitber,  is  l>ett<>r  cimim- 
)^tuii»tl  iti  niuiiy  wnvf  tliiiti  llio  IiKnn-t<?ii<ier,  the  *"nlry  olurk.  Bint 
the  wilcftimm  at  the  rililK>n  oountor.  He  work^,  ]>erhaps  in  a  ^H«^^ 
ill);  Kiiii,  ntlliiT  timii  in  itn  ovorluiit^Hl  nMiin  tillc^l  with  iiii|»iiri.-  air: 
the  uir  Ik  iahiilt?)-  cuntnini^  Huni-  <lii>it,  )H'r)m|it'  mut.-li,  but  il  i"  a 
le.t»  harmful  iliiM,  \cvh  alnmduni,  and  n<it  continiKiibt.  TW  uir  of  tht 
fiu't^tri'  Hiid  worki^hop  nmv  bv  iilni'wt  ais  piirv  a»  tlnit  out  of  tloon^,  <ir  ii 
mar  Ix  lii<leii  with  tunie*,  gas«*,  I'onl  (xldrs,  or  diist  of  n  tijxH'isi  rinidn-. 
nvi'iinliiig  til  l\w  timt'-riul^  n«.i).  Tlii.'  tiiildiHir  ^turkiT  i:*  ali^>  much  )■>'' 
o|)iiit'p!*iJ  liy  ihi'  monot'iny  which  it*  wt  rijn>'[iicimu.>i!v  ii  t.ioiiii>iuitaiil  "i 
inil<H>r  \vork.  lli-  onii,  nt  li«j<t,  M-tt  Miinc  [hitI  nl'  hi.->  wi.>rlil  in  evcr- 
(.-iiiH)f;ing  i-onditiuiLs,  while  the  mill  ogtemtive  temls  his  machine,  ol' 
wiiii'h  ht-  'lA  |K<rha|M  only  a  mitior  |>arl,  day  in  and  day  out,  ntfiu^  it  ilii 
tiif  wnn-  thiiiir  witli  nufhiiiiicid  exiK-tnis»  m»  many  lime*  )M.'r  iniDiiie  «r 
[KT  h"iir,  with  uo  nmre  seu^^e  oi'  rcr-pun^ihilily  than  might  rM«Mc  in  an 
niiti>nint4in. 

< ico^iRiphicji!  location  of  the  placf-  of  employnieul  has  an  intfatrtnai 
iuinitiirv  h(Miriii);  on  the  [■midiiion  of  the  workcrH,  fituv  ii  dclcmiitio 
very  largely  the  llu^^i^k■  iufliiciieef^  to  which  they  iiiv  wilijcctttl.  Iavz- 
lion  in  <-iiuntr\'  dihtriei!*  It-  liki-ly  to  insure  Ik-iKt  and  (■!uij|i.t  iHinto 
than  ciui  Ik-  found  in  erowdeil  dtics  with,  |M'rliu[«>.  n  ]iutrh  of  j^inkn 
which  may  he  worked  for  iilm^urc,  pnifit.  am!  variety  in  the  dr«-i.  Ii 
is,  fiirihermore,  liirther  n'niov<<il  fri>m  (lie  influcitw  of  the  ti|)plin};-»h'>p] 
and  other  unheidlhy  influenct-s  of  the  <'ity. 

The  wii^'.H  ]Kii<l  iilTect  the  licutth  of  tile  working  oIuk>o>   in  N^'cnlj 
wav!*.     A  ftniall  wa^'  nuttnn  iieoi-ssarily  a  small  expenditure  for  rr-nt,! 
clothing,  mid  (imhI  ;  it  nietiint  ovcwrowdwl  tciK-nieiHi',  hw-k  of  vcntila-I 
tion,  insuflieiciit  protection  of  the  body  by  cloihing  of  inferior  ijimliiy,! 
inn  do]  I  III  (e  fiMHJ — miuallv    iiiipn>[K-rlv   ])ri.''|iiii'i-d   and    luiMiiv    iKdCirJ— - 
perxMial  and  tifeneml   uiicleanline^^'  and  uther  eoiHJition^  which  Iowa* 
the-  inentni,  moral,  and  phy.iienl  wa-ll-lK-iiif;  of  the  workers  uiid  all  wiiaj 
are  dcpeiHlctit  u|Hin  them.      It  nieiinx  more  bectdv  :  it  nimn^  the  utili-l 
zatiofl  of  etiiUi-lalxir  and  the  hi-eaking-down  of  women,  who  piTfannJ 
llie  ilouhie  duty  of  liHikinjr  after  the  home  iimi  iLwiotinj;  in   it-  mniii' 
tenance.    .VU  thewe  cin^nnir-taniiw  promote  the  morbidity-  and  nujrcality- 
mies,  and  the  inirtiadur  rHX'U|.iution.'>,  |K-rlia|is  inlriniiieidly  wlioK9«)me,] 
ii_e  then  c«id  to  be  inimical  to  health,  when  it  u  n<4  ttw  nature  of 
eallin^,  hut  the  attemlant  i'in'uniftiinix^,  that  are  at  fault.     Thiii>,  it 
olWn  hap|icn«  that  tin-  i^mdition-i  It'jdini:  to  the  nnwl  m-riixi*  e\-iU  marl 
be  tnuttl  to  :*ome  ein-umstaiuv  or  tuMnhuiatiiHi  of  circumrtanees  vrhiehl 
orp  wlwdly  extermd. 

Olassiflcatioil  of  Occnpatiotis. — In  a  ^neral  way,  we  may,  from  a^ 
Siiiiilnrv  ^t]ind)ii>iut,  ct.i.'>«ifv  i>(-rii{iiilioii:>  iin  foUow^ :     1.  Tho»«t  wbirli 
an-  inirin-icully  dangerom^  to   hcsillh   by  reason  of  the  niitnrc  of  the^ 
CialeriaU  inviilvnt.      2.  TIkh^- which  an- earriwl  on  under  ri>iKliitou.-<,S 
avoiilubh?  or  unavoidable,  which  proniole  MiM-e[rfibilily  to  diM.tii^-.     3. 
Those  which,  involviii^t  expot^ure  to  uiceltanical  violence,  are  danpemu= 
to  life  and  limb  mlher  tlum  to  hitiltli.     4.  'ilujite  ncilhiT  inuiu-oicnllv 
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dangerooe  to  health  or  life  nor  carried  on  necessarily  under  peculiar 
avoidable  or  unavoidable  circumstances. 

The  first  and  second  of  these  classes  are  of  especial  interest  to  the 
sanitarian,  whose  efforts  are  directed  toward  the  removal  of  all  unsani- 
tary influences  of  whatsoever  kind  attending  any  and  all  occupations. 
The  third  class  includes  occupations  which  involve  the  possibility  of 
injury  due  to  circumstances  b«iring  no  relation  to  hygiene.  Thus,  no 
effort  of  the  hygienist  can  prevent  a  brakeman  from  tailing  beneath  the 
wheels  of  a  train  or  the  operatives  in  a  dynamite  industry  from  being 
blown  into  eternity  by  the  force  of  an  explosion  due  to  carelessness. 
The  fourth  class — and  this  includes  a  great  variety  of  perfectly  color- 
less callings — presents  nothing  of  especial  hygienic  interest,  since  the 
physical  condition  of  the  individual  ivould  be  es.'ientially  the  same 
whether  he  were  engaged  in  one  or  another  of  the  different  fields,  and 
only  those  which  are  carried  on  under  peculiar  conditions  can  be  studied 
to  advantage.  Therefore,  only  the  first  two  classes  will  be  considered 
here,  and  since  the  dividing  lino  between  the  two  is  often  difficult  to 
deiine,  and  since  some  occupations  may  be  said  to  belong  to  both,  the 
two  may  be  mei^ed  into  one  for  the  sake  of  convenience,  and  then 
subdivided  as  below : 

The  <)Ccupation3  which  are  of  particular  hygienic  interest  embrace 
those  which  involve  exposure  to — 

1.  Air  vitiated  by  respiration. 

2.  Irritating  and  poisonous  gases  and  fumes, 

3.  Irritating  and  poisonous  dusts. 

4.  Infective  matter  in  dust. 

5.  Offensive  gases  and  vapors. 
€■  Extremes  of  beat. 

7.  Dampness. 

8.  Abnormal  atmospheric  pressure. 

Of  distinct,  but  minor,  importance  are  those  which  involve — 

9.  Constrained  attitude. 

10.  Over-exercise  of  parts  of  the  body. 

11.  Sedentary  life. 

Some  oceupations  arc  conducted  under  such  conditions  that  they 
may  very  properly  be  regjirded  as  belonging  to  a  nunil>er  of  these 
groups.  Mining,  for  example,  may  lie  considered  under  groups  '2,  3, 
6,  7,  9,  and  10,  and  cigar-making  under  groups  1,  2,  .'t,  0,  and  11. 

To  attem])t  to  describe  the  conditions  which  surround  ('a<'h  individual 
indu-stry,  and  to  give  the  details  of  the  conntU'ss  processes  involved, 
would  be  beyond  the  scojx;  of  a  work  of  thi.s  nature,  and  quite 
unnecessary  for  a  general  understanding  of  the  rclati<in  of  occupation 
to  health.  Therefore,  in  thi'  following  pnges,  only  the  most  ctjnspicu- 
ously  characteristic  examples  will  be  cited  by  way  of  illustration  of  the 
dangers  to  which  workers  are  exposed. 
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I.  Occupations  Involvinff  Exposure  to  Air  Vitiated  bj 
Bespiration. 

ThU  claiw  may  be  made  to  iiiciiitlc  iiny  iodour  calling  carrttil  uu  in 
overcrowds  I,  ill-vt-iitiLili-d  nwuim,  in  which  thi^  nir  L«  viitiitt-*!  <idI_v  bt 
the  proc-c'sjri's  of  the  btxly,  and  nut  by  udvcntitiuue  giiMW  or  dust.  Tlurw 
aXfiiiMtioiin,  then-1'ore,  are  not  in  tlu-iucHilvca  dangerouH,  Iwt  an>  maiU 
«o  by  II  jiroventiiblo  (."aujic. 

As  exuniploK,  may  l>e  cited  the  callings  of  tailoring  and  drossnuJiingr, 
which,  onlv  too  coininonlv,  iirc  condncliil  in  roouiii  in  wliioh  tri'^'li  air 
and  cubic  sfavc  ]H?r  cni)!!:!  are  at  a  minimum.  The  workeni  arc  packol 
inCt)  i{uurlciii  no  lar^-r  tbiin  al>s»liitvly  nifN-nSMi-y  for  the  [K^'onuuno- 
of  their  liaily  tusk,  impoMiblc  of  proper  ventilation  witliuiit  an  cxpfo- 
nivc  mccJ]aiii«tl  wy^icm,  so  grtait  i.-"  tlie  ovt-rorowiiinj:,  ami,  a.-  is 
natnnilly  lo  be  MipjMitiol,  overheat e<i.  Here,  the  uiitorinnules  s|x'i>d  a 
fiiirly  long  day,  leaving  al  night  to  go  to  homes  jierhaps  no  Ii>*! 
uniwnilury.  If  nut  uliitidy  so  wlicii  tlicy  Ix^n,  lia-j'  htHMwue,  after  s 
lime,  anipmie,  dysjwptic,  and  dcprcwftcd,  ihww  coiiditioni%  as  in  many 
other  i«llinp«,  iM-ing  pri>uiiil«<l  by  jucli  "f  fvorcisc,  by  ill-ohoM-n  and 
badly  i-(">ke<l  fo<xI,  and  by  al)t«nce  of  healthful  recre«(ionh.  They 
become  greatly  ML-nx-plihlc  to  cohl,  ami  hence  opjxjtiml  to  the  atlniipf^ioa 
of  frei<h  air  from  without.  Brenlliiiig  exerenientu)  uir  by  <lay  and 
Dtglit,  dcDvinjr  thcjjiwlvft'i  proper  (otnl,  their  minds  depressed,  it  i.-  not 
to  he  wonilereil  at  thai  their  (•iniditii>n  invile.*  diw'jiw.-,  nion-  {mrtiriilaHy 
the  one  which  stiindi*  forth  cmiJ-pionou-ly  as  a  consequence  of  over- 
crowding; namely,  pnlmonar}'  en^Dsiimption.  1'he  'm*i:l  in  imrdioit^ 
Beginning  with  n  <^ilil  t.tuil  n-!*i!.tfi  being  "  throwii  off,"  tlie  cougli  bf- 
oomcs  chronic ;  they  eoiiliiiue  to  loi'c  weight  and  "trenglb,  aitd  ihc  i-iij 
win  U-  tor<-.-««i.'».  It  irt  not  to  be  understood  that  tliese  eiillingf  an.- 
alwiiys  or  even  u><itally  ii.««oi-iiitetl  with  Uh'bc  conditions;  but  wlwu 
ihey  are,  the  resolt  is  generally  the  same. 


2.  Occupations  Involviog  Exposure  to  Irritating  and  Poisonous 

Gases  and  Pnmes. 

Tills  claAs  include<i  a  great  x'ariety  of  eidiingit  which  may  or  may 
not  be  intriuKicnily  diingeruu^,  nceonling  to  iiMlividual  eircumstannB. 
Ill  many  ca.«es,  the  ilanj^cr  may  be  nitieh  lpKM.-iHfl  by  ilue  nignn)  la 
{lersoiial  hyKicuc  anti  iiy  tho  nw.'  of  respiraton-,  TlK-^e  are  ^implv 
|ii«M>»  of  apparatrii  derighol  to  remove  nuxiud.^  matters  from  tlie 
air,  on  ita  way  to  (he  renpiratory  passages.  It  i*  tl»e  nde,  howf^-w, 
dial  workmen  n-fiiw."  lo  wnir  ihcni  uWvr  the  first  days,  e\-en  ihon^ 
well  aware  of  the  possible  consct)Uences  of  laying  tlie4ii  HKklc.  One- 1 
nnson  for  thiw  itt  lluit  not  one  of  die  wveral  forms  inventcti  earn  I>e 
woni  wHth  any  degree  of  comfort.  Tliey  deniuiid  ftrter  nT<pinilion, 
soon  get  wet  with  expired  moisture,  and  cause  excessive  per».piratioii, 
Purthennore,  thoy  cannot  lie  mwle  to  (ii  tiglitly,  and  so,  even  when 
ooQsoientJonsty  worn,  they  only  jwrtiaily  perform  their  office.     The ; 
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majority  of  them  are  designed  to  filter  out  dust,  but  all  are  made  on 
essentially  the  same  principle,  tlioHe  intcodcd  for  noxious  fume^j  con- 
taining Hpongy  or  other  absorhent  material,  wet  with  agents  winch 
exort  a  neutralizing  influence. 

One  form  consists  of  a  muzzle  of  fine  wire  gauze,  single  or  double, 
on  a  metallic  frame.  If  made  with  a  single  layer,  it  is  lined  with  cot- 
ton-wool, kept  in  place  by  a  veir  loosely  woven  fabric  stitched  to  the 
wire  meshes;  if  made  double,  the  intervening  space  is  occupied  by  a 
piece  of  thin  flannel.  Another  form  is  made  of  woven  or  knitted  stufl^, 
instead  of  wire.  This  ia  said  to  be  even  hotter  than  the  first  mentioned, 
particularly  in  summer,  and  both  are  extremely  uucomfortaltle.  A 
third  form,  made  of  pieces  of  flat  sponge  large  enough  to  aivor  the 
nose  and  month,  interferes  very  much  with  free  re-jpiration.  Another, 
consisting  of  a  large  bag  of  fine  rnmbric,  is  said  to  be  less  objection- 
able, but  is  difficult  to  tkstcn  tightly. 

Aside  fn)m  the  discomfort  cuti-sed  by  respirators  of  whatever  form, 
the  operatives  have  another,  u  senseles.s,  objection  to  their  use,  women 
complaining  that  they  are  made  to  "  look  ridiculous,"  and  men  i>eing 
moved  to  discard  them  by  the  gibes  of  their  more  reckless  fellows. 

(a)  Initatillff  Oases  and  ^imes. — As  examples  of  irritating  gases 
or  fumes,  may  be  cited  ammonia,  chlorine,  sulphur  dioxide,  liydn>- 
ohloric  acid,  and  nitrons  fumes.  In  small  amounts,  they  cauw^,  per- 
haps, no  more  disturbance  than  a  slight  tickling  congh,  but  in  large 
amounts,  they  bring  about  great  discomfort  and  acute  and  chronic 
catarrhal  conditions. 

Chlorine,  which  is  used  or  given  off  very  extensively  in  a  number  of 
industries,  is  nnim]>ortant  wlion  it  is  present  in  the  air  in  very  small 
traces ;  but  when  in  large  amounts,  it  is  said  to  cause  minor  aitarrhal 
troubles  and  diminution  or  even  loss  of  the  sense  of  smell.  It  is  said 
by  Pettimkofer  that  from  1  to  5  parts  of  clilorine  in  100,000  of  air  are 
suflicient  to  affect  the  lungs  ;  that  40  to  60  parts  in  100,000  will  pro- 
duce alarming  symptoms ;  and  that  more  than  60  jMirts  will  cause  death. 
It  is  given  off  in  the  processes  of  making  and  using  bleaching  i>o«der, 
in  the  operation  of  glazing  bricks,  and  in  various  other  jmicesses. 
Among  the  workmen  who  make  use  of  bleaching  powder,  tlie  (x'cur- 
rencc  of  bronchitis,  asthma,  and  caries  of  the  teeth,  is  noticeably 
fmpient. 

Hydrochloric  acid  funics  are  given  off  in  various  industries,  and  es- 
pecially from  alkali  works,  flie  immediate  neighborlioixl  of  wltieh  is 
likely  to  be  Imrren  of  vegctati()n  in  consequence  thereof.  They  are 
given  off  also  in  the  prot^-ss  of  gidvanizing  iron,  the  first  ]iart  of  the 
work  consi.sting  in  "pickling"  the  iron  in  the  acid  to  clcsin  it  iinil  to 
prevent  the  presence  of  oxide  on  the  surface  when  it  is  dip|K-<l  into  the 
molten  zinc.  These  fumes  act  much  less  encrgeticiilly  on  the  respira- 
tory passages  than  chlorine.  Pettenkofei'  states  tliat  as  nmch  as  1  jart 
in  1,000  of  air  can  be  lx)rne  without  difficulty  by  men  who  are  accus- 
tomed to  it,  but  that  this  amount  cannot  be  exii-cdeil.  In  the  galvan- 
izing process,  the  workmen  are  exposed  also  to  the  dcust!  fumes  arising 
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from  th?  sal  ammoniac  which  is,  from  time  to  time,  tfinnvii  ufxio  iIh* 
»iirt»cc  of  tho  ino)t<>n  zinc.  These  are  more  imupportablp  lliaD  llic 
acid  t'linii'^. 

Siil|>hiir  diuxitU-  is  evolved  in  the  ymelting  of  varioiij^  on*,  in  pre- 
|uiriiig  lio|)H,  in  iIk-   inuiiiirni'tiirc  of  nulpliiirie  and  and  af  nnlinaiy 
matches,  and  in  used  exteusively  »f  n  hlrachiiig  iif;cnt.       In  Mnnll 
nniouiiti*,  it  caurtos  ooiifrh,  nnil,  \w  thoHe  iiuawnstomed  lo  it,  caniioi  he-j 
tok'Ritcd.     Tho^c  who  an-  cxijuniiI  tu  it  la  their  daily  work  tT4Hl>Iii<ii  » ■ 
^nii)li»l    loleninee  and   take   nn  notice  ivliatever  of  an  atnic^jihere  in' 
wliich  it  ii^  present  In  i^ut-.h  ;iti  cxti-iit  lliar    [lerHoni^  iiiuuviiHtmnctl   to  it  J 
cannot  breathe  it.     Tlie  weight  of  m'ideiice  conceniinp  the  relation  of  i 
this  pis  to  lu-iiltli  in(li«it<^  tliiit  its  i-ftih't.*  iin-  neither  serioii>  our  Lu^ ' 
iug,  and   are  esericd    more  im   the  ihj;estivf  than  on  tlic  rc^fpiratorj 
fiiiictioii.     Ill  soNii-  imIividnaU,  a   Hniall  .inioiini   in   the  atuiOB-phrtv 
causes  cpigJi*Iric  ]iain  and  heartburn  very  ([uifkly. 

Itroniine  in  eseeedinglv  irritating  to  the  respiratoty  paii.>i^(«i  and  to 
other  mnconi»  inemlmitnw  with  which  it  nmy  ivinn-  in  cmitntTt.  I  n  Mnnll 
amounts,  it  cautes  cough,  di/ziness,  and  a  feeling  of  general  nuilai^; 
in  Itirp'  aiMoijij(>,  ^|Hl^■nl  of  the  jriotlis  tind  aiipiiyxia.  Brondiiid 
ai^thuia  if-  couinionly  oh^erved  among  thoH?  conbtuntly  p}(|tu;^«d.  The 
fumi'.t  of  iochne  art  pi:iictienl]y  in  themnie  n'ay,  although  lo  a  niueli  kss 
mark«l  t-xtci.t.  In  tKcniKitions-  in  which  thtiw  two  !>ub»lani.'«v  are 
u«h),  men  witli  a  tendency  tn  pulmonary  trunbles  should  no(  bt*  (ler- 
mitted  lu  worl<. 

There  is  no  evicU'nce  that  amnionin  in  i^mall  amounts  prndiin«t  any- . 
thing  more  than  temjioraiy  irritation  of  the  air-jBisaipw,  but  it  '»  a.  i 
general  belief  that  it   i.-«  conducive  in  om|ihy!«ema. 

Nitrous  fume*^,  given  off  in  a  number  of  prow^.**-;*  involving  conbu't 
of  nietnl'"  wirli  nitric  aeid,  are  nUo  of  no  veiy  givai  imjMirtance  in  ^nudl 
amouni>^,  but  it  ic  «ii<l  tlial  those  who  iiri-  expuMtl  an-  c.->iH<^iiLlly  wib- , 
jwt  to  phthisis,  in  tl>e  iiiut^tion  of  which  it  is  concwlcd  that  llie  oon-  j 
Htraint^l  attitude  iinil  luck  of  ventilation  have  a  largf  influcmv.  Il  i.i 
noted  that  the  tendency  h  greiKc^t  in  thoi^c  ex[Hi»cd  to  (he  largest 
anion  n  I  ^. 

(b)  PoiSOQOtlS  Oases  antl  Ftimeft. — This  cla««  incliHk^  u  very  lar^  ' 
nnniboT  of  (XN-u)uitinn^,  ^ince  jKiisonoiis  ga«*  are  an  iuctd«ut  of  pt«o- 
essc*  without  ntiiTilK-r, 

<\)rlHin  monoxide  in  one  of  the  most  important  of  lite  poiwmoiift 
gases,  and  this  is  given  off  in  mtiny  mil n n fad u ring  o|)erationi>,  usually 
in  comjuinv  with  other  gio'es,  and  it  is.  therefore,  not  always  an  ougr 
matter  to  del<Tinini-  what  jiroporlion  of  the  effects  noticed  are  due  ti>| 
any  oike  constituent  of  the  mixtnri'.  The  constant  inhiiliition  nf  even 
very  i^mall  amountin  of  earhon  monoxide  enUMH  di.-iluriiiinces  of  the 
iligeslive  function,  geiier.il  wiiikeniiig  i.if  the  svstcm,  uikI  dimiitishr<l 
mcutal  power.  The  one  class  in  which  one  nonid  iiatunilly  expect  la  ^ 
Bnd  tlie  grenti^t  evidence  of  injury,  namely,  lahorers  iu  gaa  plants,  H 
yields  very  little. 

Carfkon  diMilphide  is  mucb  u&cJ  as  a  solvent  for  fats,  but  its  chief 
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ase  is  as  a  solvent  and  vulcanizing  agent  for  Indisi-rubber.  The  very 
peculiar  effects  produced  upon  the  operativcH  in  rubber  factories,  espe- 
cially wheu  the  work  is  carried  on  in  imperfectly  ventilated  rooms,  have 
been  attributed  generally  to  the  use  of  this  agent.  There  is  at  first  a 
dull  headache,  which  increases  much  in  severity  toward  the  close  of 
day ;  sight  becomes  somewhat  confused  ;  vertigo  and  epileptiform  con- 
vulsions, pains  in  the  extremities,  and  formication  are  common.  In 
the  early  stages,  an  unrestrainable  inclination  to  talk  is  almost  invari- 
ably observed,  and,  coincidently,  a  stimulation  of  sexual  desire.  Soon, 
the  victim  becomes  moody,  irritable,  and  subject  to  violent  outbreaks 
of  anger ;  vision  becomes  further  impaired  ;  the  sense  of  smell  is  much 
diminished.  During  this  stage,  obstinate  insomnia  is  the  nilc.  Next 
occurs  n  stage  of  depression,  in  which  the  loquacity  and  increased  sex- 
ual desire  give  way  to  imimired  memor\-,  feelileness  of  mind,  taciturn- 
ity, and  diminution  of  sexual  desire  and  power  even  to  complete  abol- 
ishment, with  intense  headache,  either  somnolence  or  wakefulness,  and 
local  areas  of  aujesthcsia.  Sometimes  cou(rh,  dyspnoea,  and  |)araplegia 
are  observed.  As  a  rule,  however,  no  jwrmanent  injury  is  caused, 
since,  from  the  very  nature  of  the  symptoms,  the  victims  are  imable 
to  continue  to  work ;  and  removal  from  the  cause,  with  appropriata 
medication,  in  which  ])hosphoni3  is  highly  regarded,  iisually  brings 
about  a  perfect  cure.  This  train  of  sym|)toni3  seems  to  Iw  |KKruliar  to 
workers  in  rubber  factories ;  and  since  the  cvi<lenco  at  hand  shows  that 
those  who  make  carbon  disulphide  do  not  suffer  in  the  same  way,  it  secma 
reasonable  to  suppose  that  other  agents  than  this  one  are  to  l>e  L'^msid- 
ered  in  the  etiology.  It  happens  that,  in  this  same  industr\',  naphtha 
is  very  much  used  as  a  solvent.  The  vapors  of  this  substance  cause 
embarrassment  of  respiration,  and  also  dizziness  and  nienbd  confusion. 
In  France,  the  employment  of  womtm  under  eighteen  in  rubber  fac-. 
tories,  and  in  any  work  which  exjmses  them  to  the  combineil  fumes  of 
naphtha  and  carbon  disulphide,  is  prohibited.  Santesson '  has  reported 
9  cases  of  naphtha-poisoning,  4  of  which  were  fatal.  They  occurred 
in  a  rubber  factory  where  a  solution  of  rnblwr  in  na])htha  was  used. 
The  symptoms  were  headache,  dizziness,  vomiting,  paljiitatiou,  and 
hemorrhages.  In  those  cases  which  recovered,  the  symptoms  lasted 
several  weeks.  All  the  victims  were  young  women.  In  1  fatjil  case, 
the  autopsy  showed  fatty  degeneration  of  the  heart,  liver,  kidneys,  and 
other  parts.  Naphtha  is  nse<l  very  extensively  also  in  cleansing  wi«)l- 
len  and  other  nnwashable  clothing,  and  young  women  employwl  in 
establishments  devoted  tn  this  kind  of  work  suffer  from  dizziness, 
nausea  and  vomiting,  headache,  insomnia,  and  hysteria.  They  lin<l  it 
necessary  to  go  frequently  into  the  open  air  in  order  to  avoid  hysteri- 
cal outbreaks. 

Another  much  more  poisonous  substance  is  nilrol)enzol,  which  is 
Very  insidious  in  its  effects.  It  is  used  in  making  aniline,  tike  which 
it  is  a  narcotic  poison,  and  in  the  manufacture  of  roburitc  and  other 

'  Oaiette  hebdonudoire  de  M^Jecine  et  de  Cbinirgie,  August  26,  IS97. 
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oflfap  newer  exjiloisiveit.     Long  exposure  to  HOiall  amouDts  pndiHws  ■ 
train  of  )tyni|itom.4  wliich  ini'liidi^  n(iiiUi<;lK-,  ilysimn-a,  ilnnvKint-^,  du4 
xincjw,  iuiii»c!i  1111(1  viiiiiiliiig,  niu)  l<>«s  ol'  muscular  simi^th,  and  wbidr 
terminate  in  stupor  and  not  infrcfin^ndv  in  d^flili.     IMitli  Monietims 
^n-iriirs  wltliin  u  fi-tv  luiiint  of  tlic  oiiiict.     Aniline  vapor  it^vlf  im  dan* 
j-cniiis  to  bcnttli  wht'ii  prc-sent  in  U»g  air  to  the  <^xtfcnt  of  O.I  pw  nrnt 

The  mont  jii'Dniincitl  of  till  tin-  {KiisDiions  vupoiv  in    mnnutacturic 
pnwiTtscs  arc  tliose  ol'  niereur)-  anil   pliutiphorus.      It   »«    hjinJIv    tux* 
san,"  here  to  eniinierato  the  eH'eotw  of  ex|x)!ini-c  in  th<we  yo\iH>af,  ranc 
they  ^ln^    so  tiriiverj«illy  well    known ;  but    it    Is    not    so  con]ini>aIjl 
reeognize*!  tliat  operatives  in  industries  in  which  inetallic  intTciinr  ril 
UjMil  extcnrvivcly  npfKiir  to  be  very  subject  to  pblbiAis  and  tlial,  amoajl 
the  women,  initHcarriage  i**  verv  eomnion.      It  in  i*ai(i  that  tin-  utlVpr 
(thow  till''  i-lIW'If-  of  the  [MiiHoti,  and  that  Iwtvthirds  or  more  of 
born  lit  term  die  without  emnpletiiig  a  year  of  life;  but   it   w  wi-ll 
OTjni'itier  that  anion^  the  cIiis-hoh  froiii  which  Ibe  openilivcs  for  tibia  ; 
niniilnr  occiijHitioiiK  are  ilniwii,  cbiM  life,  at  be^,  Ubors  undvr  gmU 
di  Had  va  n  lajfo.^ . 

Merciii'v  i*  commonly  Mipposed  to  be  used  chiefly  in  the  uuuiufai 
une  tyi  mirrors,  and  in  gilding  and  silvering.     Tlii*,  how^-v«T,  i»  fx 
from  In-in^  the  («sc.     In  (iiit,  tlic  ]>n>re*jws  of  making  mirrors  am)  nf  j 
j^ililin^  have  bi.vii  so  revulntioniztd  that,  in  the.ie  in(itL-tri(w,  nierciiri:) 
ailei-tioiiti  have  iH^en   pmetii'ally  I'liiiiiiuili.il.      At    ]irc*ent,   oDe  of 
niOift  c^unniou  sources  of  nieivnrinl  noisoitiiig  is  the  indunrr^  of  (rlt 
inp,  in  which  il   has  Uvn  (listvtvcrcd  that  the  coney  ami  other  hairs 
u^ed  make  l>etter  felt,  if  they  ha\'o  a  jireliminary  treatment  in  a  IjntJi 
of  mi'iviirii-  nilnitr.      In  a  lati'r  prott^oi,  the  niw  ju-iMluct  if  heated  toA^f 
tempt>ratm'e  )^titB<-ient  to  voliitilize  the  mercury.     Other  occujiatioiM  In^ 
which  mercury'  in  u.icd  exIenKively  incJud«  the  niannfavturc  of  tlwi^ 
moDietcr*.  IxuHjineter",  hikI  wrtniri   forms  of  eleelrie  lualteries,  aui)  the 
brondng  of  plaster  oi^t.-'  with  an  amalgam  cont^iinin^  tin,  bismutli,  tuid 
men-urv, 

I'hosphoruii  K  a  subt^tance  of  niueb  more  impnrtanno  to  the  [XibUe 
health  than  mercury.  The  only  industry  of  any  magnitude  id  wbi<A 
pb(i»pborus  U  u^  extensively  is  that  of  mateb-making,  in  which  in- 
dustry the  oiii-mtives  siifii-r  frinn  the  well-known  lesions  wbidi  pho!'- 
pbonis  pnKlnces.  This  is  a  ilaiiger  which  has  received  much  liKi-la- 
tive  attention  in  Kngland  and  other  KurojHfin  counlries,  and  rarieh 
biu«  bn»i  doiiv  to  av(^rt  it  by  inurt-  strict  attention  to  hypeov  and  the 
inlrocluctton  of  machinery  to  take  the  plai'c  nf  human  liein^.  In 
SwitnTtaiiil,  incUiil,  even  the  iis«-  of  any  niatebes  oilier  limn  tboM- 
made  with  amor{>b<^Mis  phosphorus  is  absolutely  forbidden. 

Common  pbos]>horus  gi\'t»  oD'  ]Hiisoitou.-<  fumi.':<  at  oixlinary  ti'Dipcnt* 
inn*,  pro^'iiJiHl  t)i«  air  oontuins  nioisUire.  Amorpbocu>,  or  red,  phos- 
pboms  t»  not  puisimous,  and  gives  off  no  fumctt  under  UMtitl  (i<ndi- 
tionn.  It  cannot  Ik-  umiI  in  Uie  same  wav  ax  oianmon  i^iiMphonis, 
luid  if  emjiloyed  only  in  the  ma  lui  fact  ore  of  mutches  tliat  strike  only 
OD  tbe.box  or  on  a  specially  prvjiiirvd  surface;  ibis  is  obviously  a 
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dituclvantage,  lunceamutph  tliat  will  strike  anywhere  is  much  morecou- 
vcDifnt.  It  U  M)i<l  timt,  in  Englaud  flloa«,  no  Ic^.^  than  (if)  Uinn  of  tvhiu- 
phosphoriiH  are  coni^imit-t]  iiiimuiily.  :i;i:»mift  4  tons  of  the  reil  variety. 

It  is  ji  wry  ooiiiiuon  iimidn  that  niwt  of  the  worknuii  kuHVt  exti^n- 
dively  from  the  etl'wti-  of  the  jKiiwniciiiN  fiiiiKW,  uml  thiit  tiwniMn  of  the 
jaw  in  cxt'wiiiiigly  eomuimi.  It  apjjears,  however,  that,  while  this 
class  of  worknit-ri  arc  in  gi-ueral  Him-rtiir  iiiwl  luidly  noiirishi.-<l,  iJio  ex- 
tensive lesions  ihat  formerly  were  uotieed  have  Iweii  of  late  j'ears  much 
less  timiiiiiiii.  Ill  lH!tj-S,  in  rlic  I'liii"!  Kingiioin,  more  than  l,')nO 
]H>i-siins  wi-re  eiigagi'd,  but  in  (he  tour  yrwrs,  1:<II4— f*.  only  3U  cwcn  of 
nwTosis  of  till-  jIl^^■  wen'  i-oiTiriieii,  Jl  of  which  occurred  in  ISfiO ;  tiut 
pofuibly  mt)re  iniiy  have  oecurriHi.  ThU  irchurtion  is  <Iuc  to  jin-caiutioiis 
tiki-n  lo  curry  ii\Y  the  fume.-  by  ihoi-ough  ventilation,  am!  to  prevent 
tln-ir  [)rrKhietion  iis  far  iis  ^kis.'.tIiIc  by  the  nw  of  Mibstancr^t  like  lur- 
jH'Uiinc,  anil  by  drying  the  matches  as  ()uickly  as  (xissiblc  after  they 
I«ivc  \kvii  dipixil,  siiici.'  tlie  fuimv*  are  given  otf  only  in  the  [iivwiico 
of  moisture.  Again,  much  of  the  work  of  dipping  u  done  in  cIomh] 
hiiiMls.  Ii  is  siiid  tliiit  the  most  difticnlt  jKirt  of  juvvention  lies  in  tin? 
handling;  of  the  work-jieople  thcniiclvcw,  since  tlicy  an'  of  n  eliiw  that 
iiin  rnnly  lie  inndt-  lo  nndci'!<tanil  the  importance  of  cleaiil!nei^'<  and  of 
attention  to  the  condition  of  the  teeth.  IVrsoiK*  with  ilwaywi  lifth 
should  be  excluded  fi-om  the  but'iness,  i^ince  caries  is  known  to  incn-a^e 
t*noniiiiuslv  till-  risk  of  |)oisiinin^.  'I'liev  i»nnot,  ior  rciOHiDif  ulreadv 
exjilaineJ,  be  [wrsiiaded  to  use  rcspimioi-s. 

In  ihc  iiuhisirv  of  lira-ss-funndinf;,  fiinn's  jiiv  f;ivcn  otT  which  cause 
what  is  commonly  knoivn  -dn  "  ljras>i-foundei-s'  ague,"  which  is  a  diit- 
order  (K^urring  sooner  nr  later — nsuully,  williiii  n  very  short  time — lo 
all  enpifiti].  The  trouble  licgins  with  a  feeling  of  malaise,  lii-adaelip, 
stitVncss,  fjnyit  mnscnliir  isiin,  and  soreness  of  the  chest.  .\  chill  muiei' 
on,  which  lasts  generally  abont  ;i  ipiiirttT  of  ini  hour,  atlcr  which  the 
patient  falls  into  a  profuse  |>cr»piration.  The  symptoms  then  hcfjin  to 
ftluito  nnd  within  u  diiv  or  two  disiip|H'iir.  Although  thi"  train  of 
nymjiloins  does  not  eonimonly  i-eeur,  a  more  or  lens  markol  chronic 
I>f>isoning  is  common,  in  which  the  most  pmniiin-nl  sytiipt<iiiiK  arc 
iitiicniiii,  eon^fli,  lachycanliti,  lieadnche,  neuralgia.  <Usordercd  dijfcstiou. 
pntjtressivc  eniactiition,  and  annoying  eruptions  of  tin-  skin.  The  aitit*; 
jind  chnniii!  poisitniii);  suffiTisI  bv  this  class  of  workmen  arc  iiupiiosed 
by  some  to  be  line  to  zinc,  by  some  to  copper,  by  some  to  both  tojp'the.r, 
ami  by  f.ihcrs  to  nrsenic,  which  is  an  important  I'onstiliu-ril.  of  sonic 
kinds  ol'  brass  and  an  impurity  of  olhcr«.  Scitnc  incline  to  the  Iwlief 
that  bniss-founders'  ague  is  a  true  itifeetion,  for  which  the  poisoned  air 
prepfiri-s  the  frrontid  and  [mivcs  the  way. 

Funics  of  arsenic  ai-e  jfiveii  oft'  in  various  smelting  ojx-i-ations,  but 
the  chief  danger  from  this  siibsUinci-  is  met  with  in  oceu|i;iliii]is  to  be 
tvaiKiderctl  later,  in  which  I't  is  irivcn  off  in  ibc  form  of  dust.  A  pecu- 
liar source  of  [loisoning  by  arseiiinrettM)  hydntgen  has  U-ei)  bitiught  to 
)>nhlio  notiiv  Ijy  Maljcan,"  who  fil)scr\'(il  a  nninln'r  of  wiscff  of  ict^-rus 
'  An-hivw  dn  XMednv  uiilituirv,  Felinuoy,  1(100,  \>-  H. 
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milling;  tile  li!illr)Ol)ists  of  a  rpgimept  of  cil^inei'rs.  The 
tmvf^l  by  liiiii  to  tia-  liydmgt^'ii  ^i.t'  iiiK-tl  iii  rtlliii|r  xhv  Ixillfwins, 
was  made  by  the  actioo  of  ordinarj'  commercial  toilphurk'  acid  ua  tan- 
nu-rciul  xiiio,  liotli  <>f  wliicli  <v>iil;iin  iirK-nic  in  vtirialtlr  unic>tint)^  in 
couse<|tieiKf  of  wliicli  iIil'  pi^xliict  cuntitiiicd  Hr>«niurpti<>il  tiydn^Ok 
Tin-  impure  gas  waf  lit>f-rali-<l  Ihrough  llit  vaUe  of  tin'  linlKxin.  hnt 
the  main  suiiit'c  of  duiigrr  wii»  the  Iiabil  of  Mnt-lltn^  a\  the  mo^ 
during  filliag,  to  aH:ertain  wheu  tlie  air  lu  the  pipes  had  lieen  t-s^\ 
by  tiif  giu*.  Ill  tin-  CUM-.-*  ol»st-rv)xl,  tho  imiitot  wii.«  nisirkcd  bv 
tnalai^e,  beaduclit-,  nauirca,  stiBuesi^  uf  tlic  jotnti^  jnuiulitv,  nud 
gloliiiuim.  Tlit-Hyuipiiirtin^'ubfidi'il  in  it  few  day.-,  Ictivinj;  ihf  fvticntf 
iu  91  cutiditiou  \>f  muiMiitii  mid  pninomiccd  tualiiiitritioii. 

Tb«  vaponi  of  wood  aloobol  luive  witbin  rccenl  y«ant  attni^nl  oa^ 
xidcnible  nltciitiun  by  R'jtisiin  of  tbfir  di»;ii^trouii  cflecUt  upon  viMoa. 
Since  I8!)y,  many  castas  of  bIiiidne-H6  have  iHrcn  n^iKirtMl  in  ill*- Jonmili 
dt'Voldl  til  op!itlmliniib>^y  us  due  to  the  vn]i(ii>  «nd  t"  (ho  inlcrnad  i» 
of  prt'isimtions  sut-b  iis  essences  of  ginger,  jjeppenuint,  etc,  wbirli  are 
wjy  oomninnly  inmlo  willi  wood  tilcobril,  and  extcnoivtdy  coimimnl  to 
plimw  where  the  enle  of  licjuor  ii-  prohibited.  Wbcn  wood  alcohol  lu 
8Ucb  is  consumed,  as  it  otli'ii  is,  wiUi  tiital  rci^ults,  it  will  bi-  noted  tfau 
till'  victim*  ari-  pcncndly  quite  blind  Wforc  d<^nt)i  approHcbcv.  "Vk 
deuiaun  '  ha>i  reported  a  case  of  wotxl-alcohol  blindue&ri  du«-  Ut  tln- 
Iinl.itioii  of  fnniL-i<  from  v&riii»h.  TIk*  vidijcct  wa«  u  modenile  u»er 
tobacco  and  stimulants,  whose  sight  ha<l  always  been  gtxid.  A 
working  *\\  diivs,  be  wili  iili1igi.il  to  i|iiit  \tork  on  nc-t-oiint  of  nHU.<«*,' 
dixxintKi,  and  Sfveit-  frontal  headachf,  (>n  the  following  <lny,  he  ImJ 
dimtteDfi  of  »igbt,  and  ibon  Ikk-iiuil'  totally  blind  for  twenty-four  day^ 
wbwi  hia  sight  tx^n  to  impi^ve.  In  auotlit-r  case  reported  by  Paiillo/ 
nnd  quoted  by  Wfirdcriinnn,  tlic  inatcriid  workiil  with  waii  the  »iiii^' 
and  total  blindness  oceuri-ed  on  the  sLvtb  day.  Tliis  lasted  a  vrve\i, 
thmi  NJf^bt  iiiipmviil,  but  in  two  weeks  it  began  again  to  fail.  Iidiult- 
tion  of  the  viqior  i»  believed  to  muse  retrobulbar  neuritis,  produciag 
juartial  atrtipby  of  the  optic  nerve,  especially  of  the  central  fibiTy. 


I 


X   Occapatioiis  IsvolTing  Exposure  to  Poisonous   and 
Irritating  Dasts. 

Duict  u  of  wr^-  great  iniport^inoe  in  its  inftuenvc  on  Itcalth.     It 
produotjoo  is  a  prominent  f»itun?  of  many  ••ccuitations.  in  some 
which  i>o  miu-b  is  musi'd  ii-->  to  Im-  of  tlie  bi}:be/'t   )H«^'>ilili-  iin|KjrtatK«.J 
It  may  be  diviiU-d  into  poimnotLs  and  irritating,  and   the  latter  may  ' 
fiulMlivided  into  mim-ral,  m<-t.illi<;,  ve^rtidile,  and  animal. 

(a)  Poisonous  Dusts. — The  mo«t  ■m]M>rtaut  of  the  poiiwuons  du 
are  arsenic  and  lead. 

Ont?  of  the  nift*t  ilangemtu  of  arwni<-ul  tnidm  i.*  \\w.  fj^inding  of  l 
wcU-kuown  green  pigments,  Scheele's  green  (anenite  of  copper) 

'  Atnvricnn  Mnlirinr.  Ihwrnlvr  21 .  1001.  ji.  OHA. 
•  OpJilbilmii'  li^xK-nl,  Uoccmhri,  1890,  ^  ^. 
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Schweinfiirt  green  (ncetn-arsi'uite  of  copper).  These  aod  niauy  other 
ai'iH-iiiail  mlorK  uw  iiM.tl  in  jiruiiing  \vii]l-)i;t)M-r!>,  mvt on i )('.<■,  luid  other 
deiWaliuoK,  siiitl  in  the  man  ii  tact  lire  of  artilieiiil  fiowen-.  The  latter  13 
au  I'j'iM-ciiilly  ilangrnms  ii(Vi]]Milioii,  simri-  al'tiT  ihi-  It-avi---*  have  Imh'o  out 
to  the  iiroper  »hn|M?,  they  are  sniwired  with  giwn,  the  gn-eii  pignient  is 
then  <fii^«Hfl  on  from  a  drwlying-hos  ana  nmeh  of  the  suljstnnoe 
l>e*'«meft  sus]>eiuUii  in  ihe  iiir.  Much  of  the  fiiwii  ghwiil  [ui]kt  used 
fiir  i-iiv<riiiy  buses  !-■>  made  with  these  ]jignieiit(i,  and  nlhei-  jKiijeiN  and 
articles  of  piqwr  in  prwri  atid  uIIkt  trohtrs  (plaj-iiiy  ciiitl.'?,  elc),  aro 
nQwIe  with  arnenical  pignientK.  Arsenite  of  #odiuni  in  a  verj-  conimon 
inonlant,  ami  white  arsenic  i:*  much  nwil  in  tiixidcrniy.  In  far-t,  thu 
list  of  proeesseA  in  which  arsenic  is  nsetl  i»  almost  etidli'^s.  The  sym])- 
toms  priMliiwil  nmy  In-  arnli-,  but  oitiinarily  are  chronic  in  character. 
Workmeii  of  tliis  clat-s  frec|ueutly  tiuiVcr  frutii  cc/einntoiiif  wires  and 
(ibstiiHitc  ulcers.  The  »>yniptoniH  of  chronic  poisoning  are  too  well 
known  to  need  description. 

I-wiiI  i"  inliiiilcly  more  disastrous  in  iti*  efleots  upon  hmlth,  and  is  by 
tar  the  most  iinportunt  of  all  industrial  poismis,  Ik-ivimm-  "f  Mk-  grwit 
diversity  of  its  use.  .\mong  tlio  many  oociipalions  in  which  it  figures 
may  be  mentiouinl  all  the  pnwesscs  involved  in  obtniniD^r  I(«d  in  it» 
ciimmercially  pure  .ttatt-  from  ores,  the  making  of  white  and  red  lead, 
the  gitmng  uf  manv  kinds  nf  |>u|x-rs  ;  tyix'-finniding  and  m.-tliiig,  glas»- 
cutting  and  polUhing,  file-cutting;  euanielling,  dyeing  and  printing, 
working  in  wi-ii;htvd  silk;  pliiuiliing,  jiaintiug,  Imther  varnishing; 
making  artificial  flowers,  leaves,  and  jewels ;  and  several  of  the  proc- 
Oiscs  u»^-<i  in  the  making  uf  carl ht-n wan-  and  china.  In  many  of 
these,  the  laid  gains  access  to  the  system  through  inhalation,  and  in 
jtome  it  !•■«  earriid  into  th<r  month  by  the  soiUil  fingers.  The  latter 
inethiKl  of  introduction  is  very  commonly  the  case  with  compositors, 
phiiiibers,  workers  in  laoe  and  silk  weighti-d  witli  I«ul  au-tntv,  and 
others. 

I  n  Paris  alone,  it  is  said,  there  are  more  than  30,000  of  the  working 
cla«iS(?-*  following  callings  which  expose  them  to  this  ver}'  deleterious 
substance.  In  England,  the  gn-at  importance  of  the  siibjet-t  of  indus- 
trial Iwid-poisoniiig  ha.*  V-d  to  extensive  invcstigiitiuns,  resulting  in 
Btringent  Ieg!f;|ation  ;  and  in  the  year  l«!).i,  it  was  |-e<inire<]  that  all 
cnse^  of  lead-jwii-ioning  shonld  be  ii'portiil  to  the  rintboritics.  During 
the  ymr  1.S07,  the  minibcr  reported  was  l.i'H,  and  in  ]S!!S.  I,'J78. 
The  largi'-st  number  lA'  casiw  an-  rfjHTrtml  I'nnn  the  china  and  t^rtlien- 
wrare  trjidcs.  It  appeare  to  be  a  fact,  wherever  the  matter  is  inves- 
tigated, that  women  suffer  less  than  men.  This  U  e.\plainahle  in  two 
wavs :  first,  that  women  are  nntumllv  more  elcsinly  in  their  habits; 
and  second,  that  womm  are  more  likely  Ui  give  up  their  work  after 
the  otOTirrcnei"  of  thi;  first  syinplunis  and  bd'orr-  the  ntfertion  l>ecomes 
chronic.  Men  ap|»ear  to  be  able  to  work  longer  without  showing 
evidenw*  of  injury. 

Particular  attention  ha»  been  given  of  late  years  in  Kngland,  Franef , 
and  elsewhere  to  the  pottery  industry,  in  which  lead  is  used  in  tlie 


BroaxK  or  occvpatiox. 


^\axc^,  ihe  flux  ^mnf"  niadr  of  litlmrgr,  clnv,  nn*!  flinl.  Much  aUm^ 
(ion  hofl  beca  ^ven  to  the  po#»ibiliir  of  finding  a  glazf  nbidi  i>faaU 
Ix  irw  rnuii  Ktul.  In  ihf  nmimtaciun.-  of  unliittirv  whiit*  {tonvLiui,  do 
leail  fi\uxe  if-  miiiireii,  unil  iIk'  <iiiii(^'r  ■>r  luKl-iKiwinin*;  :iri>M>9  a]iu<t>T^B 
wliully  in  t)i«  work  ot'<lMHiniii«ii,  ihc  [Hiwtlcj-  uhuti  i.-  (liL->t>-(l  nn  undS 
off  tbc  tnitiisftT  jupcT,  conluitiiiig  luid  cunijHXiiMjjc.  Acc-onliti};  to  a 
report  of  a  commitiee  of  the  niiiister  [K>tt(rr§  of  Siafionl-ibirv,  it  i*  nr^^ 
|WiK>iMe  to  siilxtiliiU*  »  l<ttillr.-<»  ^liu»*  for  onliiiun'  diiiin  am)  <^tinL(3i-^| 
ware,  but  this  U  liaUl  to  bo  only  |)artly  true.  ~ 

[ii  Lim<i)^v,  when-  lf>,nn<i  jhiijiIc,  of  wlioin  2,500  nrr  diildrcn.  air 
employed  in  sixtfvn  puttcn*  cr'tiibliishiutiitE,  the  workers  an'  luucb  \n» 
(tubji-ot  to  Iea<I-|>oi.-oniiig  than  tbost-  in  Slaffonlfhiiv,  aud  in  one  of  tin 
vsUiblii'hiiifiit^  nbtLTt-  (he  wunr  pro<hKTd  U  of  the  same  kiod  a^  made 
in  Wlaifoi-d shire,  the  glaze  eoiitaiiipi  only  ti  jwr  tTont,  of  Itwi)  nirlHin.ili- 
a^iiu^t  I'-i  lo  21  in  thai  u^td  iu  StiitlnnMiin-.  It  1hi<  bfen  poinitrl 
out  that  where  lead  glaze^  are  necei*an,  the  danger  can  be  wry-  mnHi 
diniini.'Ouil,  if  the  Imil  in  usct)  in  tiic-  fnnii  of  a  iloubU-  fritted  »ilicatc 
In  the  Liuioge^  facrtories,  the  lend  i^  Uf^  iu  thb^  ronditlon,  aixl  bi  tbbi 
fiu.-t,  |Kirt  of  iIh'  difl'i-n-ntv  in  the  Htiiouiit  of  |Hii.-«iniii}r  i-  pmlKibly  dm-. 
Iu  KiigliKh  |)ollt'ne#,  the  teudenrv  ii^  towfird  the  alnndonincnt  of  thm 
■lid  mctbixU  and  the  adoption  of  fritted  It^. 

L«nl  it.  howwer,  nut  the  only  diiu^^T  to  health  with  which  vrork- 
nicti  ill  |ioli<Ti<'s  have  to  eontond.  In  txTiain  of  the  o[>r'rati<iu>,  larpr 
amounlti  of  mincrtil  ihi^t  lire  pvcu  ntf.  mid  in  roni^^i|un)0'  tbiy  «ifl"er 
from  lh«  ffiWt.'  vf  not  only  poii^onoiis,  but  irritating,  tlufl ;  in  fiirt,  the 
4MX-upatioii  in  regarded  from  a  ninitan,-  i>tand{>uint  us  on«  of  the  Icoei 
deeinible.  The  fllnl-griiKlers,  «ho  U'long  to  tliis  class,  are,  ncH%>nlin)! 
to  flirt,  quite  low  down  iu  iIk'  tnilv  of  hmf^'vity.  It  !»  mid  titat  ihr 
dnst  which  is  given  off  in  the  o[>eration  of  grinding  kaolin  is  uiin->ualU 
irritatiug  to  the  lungv — woiite,  wcu,  ibun  stw!  tUiA.  The  nxj^l  wioi- 
mon  di^ttiira  among  [lottcra  are  bronchitis,  phthisis,  rhcuniati-4iu,  and 
lead-poi*oniiig- 

Ah  another  example  of  an  industiy  in  vrhieh  lltr  workmen  sofitr 
larpily  fi-oni  li;id-[n>iw>ning  may  Im*  citetl  th.nt  of  Hle-niaking,  in  whicJi. 
as  iu  ijottery-niakiiig,  the  operative  i*  sulywlwl  to  the  action  of  diL>t 
both  [NiiMmous  and  irritating.  The  best  fiks  are  those  nit  by  Imiil, 
no  niaohinen'  hiiving  vet  Imx'ii  invviittd  to  pnuhiei-  so  ratis^K^orr  on 
iirticli'  afi  the  hand-made.  While  being  eut,  the  file  i-'  beUI  upon  a 
luidcn  IhiI,  calloil  the  "  >liddy,"  whioh  offers  Miftieii-nt  resistanw  In  tbt 
blow,  withotit  at  the  same  time  being  !>o  unyielding  an  t^^  cause  n 
ivcail.  Aa  last  an  it  is  eut,  it  is  bnishe«i  off,  and  the  air  hecoraes 
ebarg«><l  with  a  eombinatiuii  of  iAn-\,  Uiid,  eluilk,  and  ehjiRi>!il,  and 
granite  from  the  bloek,  or  "  stock,"  upon  which  the  '*  f^tiddy "  iy 
jHvun.ii.  The  dniigiT  of  Iiiid-i>oiHonint:  i.-  thus  always  jin-si^nt,  ami  it- 
ocrtimeuw  i*  hastetM'd  by  ihc  rarclcw  habits  of  the  workman,  who,  in 
handling  the  I(«i)pn  bed,  constantly  wets  the  tfauiub  and  forefinger  of 
his  left  IuukI  with  hi?  tongue.  Dxnbtleiw,  if  more  attention  were  )a>d 
to  penonal  hygiene,  a  stnaller  proportiou  would  suffer  from  colic  and 
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paralysis  of  the  extensor  muscles  of  the  wrist  and  thnmb.  It  is  said 
that  a  robust  file-cutter  is  rarely  seen ;  as  a  claM,  they  are  sallow, 
aiiseniic,  and  dull,  and  the  majority  show  the  blue  line  of  chronic  lead- 
poisouiog. 

A  more  modern  industrial  danger  is  that  involved  in  making  and 
charging  storage  batteries  of  a  certain  kind.  Dr.  Talanion '  relates 
that,  during  a  single  year  of  hospital  service,  he  saw  ;I0  cases  of  lead- 
poisoning  among  workmen  so  engaged.  The  work  consists  largely  in 
spreading  red  laid  and  litliargc  over  lead  plates  witli  the  bare  hands, 
and  the  results  on  the  system  are  doubtless  due  in  greatest  part  to 
absorption  through  the  alimentary  tract,  the  lead  being  conveyed  to  the 
mouth  by  the  hands.  The  symptoms  come  on  much  more  rapidly  and 
are  much  more  acute  than  with  painters,  tyi)e-8ctters,  and  others.  Many 
of  the  men  fall  victims  witbiu  three  or  four  weeks  from  the  beginning 
of  their  service. 

(6)  Irritating  Dusts. — The  irritating  dusts  act  with  variable  inten- 
sity, according  to  their  nature.  It  is  generally  thought  that  that  of 
vegetable  origin  is  the  most  irritating  of  all ;  then,  in  order,  metallic, 
animal,  and  mineral.  The  disease  which  is  conspicuously  common 
among  dust-workers — more  common  than  among  any  other  lai^ 
class — is  phthisis,  a  predisposition  tn  which  is  favored  by  constant 
irritation  by  the  dust,  assisted  by  poor  ventilation,  coustrained  atti- 
tude, and  other  imsanitary  circnmstances.  In  geneml,  the  first  effects 
of  an  abnormal  amount  of  dust  in  the  air  are  congh  and  increased 
secretion  of  mucus.  Then  the  cough  becomes  chronic,  and  when 
the  soil  has  been  projierly  prcimred,  the  specific  Itacillus  finds  a 
lodgement  and  soon  produces  its  results.  Many  <)f  the  dust-workers' 
dtwrders  are  traceable  not  to  a  single  kind  of  dust,  but  to  a  mixt- 
ure. Thus,  the  condition  formerly  known  as  "grinders'  asthma" 
is  superindm^l  by  a  mixture  of  metallic  particles  from  the  imple- 
ment groimd  and  mineral  matter  from  the  stone,  and  to  which,  if  cither, 
of  the  two  kinds  the  prepon<!ering  influence  belongs,  cannot  be 
stated. 

The  relative  frequency  with  which  diseases  of  the  lungs  occur  in  the 
diSerent  classes  of  dust-workers  and  in  those  whose  occupation  cresites 
no  unusual  amount  of  dust  was  determined  by  Hirt '  from  a  lai^  mass 
of  material,  in  which,  of  course,  the  value  of  the  primary  factors  can 
banily  be  determinetl ;  nor  that  of  collatersd  circumstances,  such  as 
habits,  heredity,  and  locality.  But  his  facts,  which,  to  siy  the  least, 
are  coincidences  of  occupation  an<l  discjise,  show  that  the  difl^crent 
classes  of  dust-workers  suffer  from  pneumonia  and  phthisis  in  varying 
degrees,  and  much  more  frequently  than  those  not  exposed  to  dust,  and 
that  in  the  fn^uency  of  disc-ases  of  the  digestive  system,  on  the  other 
hand,  there  is  practically  no  difference.  In  the  following  tabh;,  coni- 
pUed  from  his  figures,  the  relative  fnxiueney  of  these  diseases  per  100 
workmen  is  shown : 

'  La  MMwine  iii<«k'rne,  Ffli.  7,  ]9(XI. 

*  Die  Krankhi^iien  iler  Ariititer,  Brcslnti,  1S71. 
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Witli  ri'giird  to  tbe  influpnc-e  of  the  different  kindu  of  6ust  neat- 
pation$,  one  imiM  not  Iwe  sijiht  of  tln'  fjwt  llinl  •|itiitittt_v  a«  well  &« 
ijuiility  should  lit-  (ujiisiik-ml,  and  tliiit  locul  coDdition^  of  ventiiatiim 
have  a  very  decid«i  bearing. 

AniiHig  lh(r  iM:.i-ii|i»lionH  in  whioh  tiictjilUr  ilu*t  k  }ii\-en  off  in  not- 
nl>lc  iinii>tin1«,  thiit  which  f^tiindi^  foilh  nxi^i  (Htn.^picuoiivlr  hk  dnn- 
geroiifl  is  fiiefl-gi'indiii;^.  In  ihi?  wurk,  the  ilnngcr  varie*  invon^v 
wilh  the  «ixv  nl'  tin-  object  groiuul ;  ihiit  ii^  t(j  say,  the  snialW  thti\ 
ohject,  the  greater  the  danger.  Thi.«>  if"  Ixhwuk*  luiyv  tibjnrls  ran 
be  )j;roniiil  in  th«-  wi-t  wuv,  bnt  vt-rv  small  ones,  as  needier,  timsl  lie 
•iriiiind  dry  and  re<|nire  eon»ttraiii<Hl  ntlitndc  mid  i-liwi-  in-i|Hx-tiun.  and 
thii^  the  grinder  finiHliintly  inhales  the  very  fine,  fhazy  )iartiolt^  of 
sUxi  ihnt  HIT-  throMEi  off  in  the  prooejij*.  These,  by  oiiwstani  irriutiiMi 
of  the  mnootifl  menibmneii  of  llie  air-jNt*«iBt»,  prepare  them  for  il» 
rfioeption  of  the  xjieeific  organisms  tif  pnenmoni.i  and  ]ihlhisiK.  At 
tirwt,  the  cuugh  i-  diy,  but  in  a  shnrt  time  is  iiet'i<n)|Hini<-d  by  i'X|)eelora- 
lion.  Among  ilinx-  itidividimlK  who  have  followed  the  "ork  for  a  xtar 
longer  under  the  iiMial  oondilion^,  n  i<ntind  iium  h  ntrv.  Tbnr 
Wrogt-  iigT-  lit  dejitli  iif  i^Uited  variously  between  twenty-Bve  aud  foitr 
'V«irs,  The  danger  may  be  nnieh  i-wlnoinl  by  ihi'  n**-  of  rt-fpiratorv, 
nnil  by  the  (■inpinyiiiiTit  of  ii  l>ln>t  of  air  to  ciutv  the  dust  away  from 
the  grinder  into  an  appro|Hiate  exit, 

N<it  all  metallic  dust  is  ii*  irritiitiiig  a«  iJiat  uivcn  off  in  cutleiT- 
grinding,  and  in  «>me  oc(rii|]fitions  in  which  it  is  gi\en  off  even  monr 
flbundanlly,  theiv  is  no  notireaMe  U-ndi-ncy  lo  ph|hi»ts,  althmii^h,  pt-rliap*, 
the  snbjift  hii;'  not  l«fu  iiivc.'stigated  with  sntticiont  thoiN mghnirw.  lu 
the  oi>eration  of  bronxing  in  the  manulkciureof  show  nirtU.  Chri^tIllafr 
cards,  ami  ihc  like,  ibi-  bronze  powder,  which,  luider  the  microseo)« 
nhowx  slmrp  angles,  is  apiilied  to  the  )uiit«Tn,  printcil  in  stxjiig,  by  nM«i» 
of  a  soft  pad  workiil  hirgi-lv  bv  hmid.  The  dnst  iidhere*  tcnacinuslv 
to  the  skin  anil  (nusos  niucli  Irn^I  irriialton,  and  is  inhaliil  ami  mii]>«^ 
catarrii  of  the  n|>pi-r  ai^-]la-■^sa)rl-s.  In  aiidili<>n,  the  workers  sufftr 
froni  hitiibietH',  bad  tuKte  in  the  month,  anorexia,  nausea,  vomiting,  auti 
diiirrlicea,  from  absorption  and  I'H'al  notion  in  the  alitiifniar}'  cnnal. 
When  the  o[H-mliiinK  of  diisting  on  and  off  are  done  by  mftchinery,  the 
evolulifMi  of  dust  !•  verf  niueh  l(-v*ned. 

The  dusts  iif  many  of  tbi*  iiH-tallir  sull.«  piiiihtoe  niorv  or  lt>«  s<-riou.i 
local  effe«*t!>,  unUh  from  the  nvtdts  4lue  to  absorption  into  tin*  .-•ystctn. 
In  tlK*  manufacture  at>d  a»e  of  potns.siiim  ilichninxitc,  for  example, 
great  irritation  of  ihc  nasal  nn)(-<>n^  nii-inbrane  is  i-;ius«l,  folloKitl  by 
uloeratitiii,  whivh  in  mo»t  iubtauo',-  vihU  in  [H-rforation  of  the  f<i-plum. 
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Ulcers  are  produced  wherever  the  skin  is  abraded,  and  especially  on  the 
scalp,  where  action  is  promoted  by  the  scratching  which  the  irritation 
calls  forth.     No  local  effects  appear  to  he  caused  in  the  lungs. 

As  an  example  of  a  calling  in  which  mineral  dust  is  given  off  in 
abundance,  that  of  glass-grinding  may  be  mentioned.  This  is  much 
like  cutlery-grinding,  in  a  general  way,  and  the  dust  produced  is  nearly, 
if  not  ijuite,  as  sharp  aud  irritating.  In  addition,  the  workmen  are 
oflen  subject  to  lead-poisoning,  due  to  the  use  of  putty  powder  con- 
taining 70  per  cent,  of  lead  oxide.  It  is  as  rare  to  find  sound  men 
among  this  class,  as  among  needle-grinders.  Gem  polishers  and 
potters  belong  in  this  same  cat^i;ory.  Stonecutters  and  quarrymen 
are  exposed  to  coarser  kinds  of  mineral  dast,  but  their  work  being 
conducted  in  the  open  air  or  in  open  sheds,  tliey  are  by  no  means 
so  prone  to  di^ieaseM  of  the  lungs.  Some  stone  is  much  dustier  than 
others,  and  hence  may  cause  more  marked  effeetn.  Mica  dust  is 
exceedingly  irritating,  and,  like  the  sharp  particles  of  glass  and  steel, 
prepares  indoor  workers  for  the  reception  of  the  bacillus  of  tubercu- 
losis. In  the  wall-paper  industry,  it  is  appli^  to  obtain  the  effect 
of  "  frosting,"  and  assists  or  is  assisted  in  its  action  on  the  opera- 
tives by  another  very  fine  dust  made  of  finely  chopped  or  ground  lambs' 
wool,  which  is  applied  to  the  pattern  printed  in  size  in  much  the  same 
manner  as  obtains  in  bronzing  cards.  The  workers  are  very  prone  to 
phthisis. 

Vegetable  dust  is  of  very  many  varieties,  which  affect  the  system 
with  varying  degrees  of  intensity.  Ordinary  wood  dust  appears  to  be 
quite  innocent  of  injurious  action  on  the  lungs  of  carpenters,  whose 
employment  is  very  largely  out  of  doors,  and  of  cabinet-makers,  who, 
on  the  other  hand,  work  in  confinement.  Grain  threshers,  millers,  and 
many  others  exposed  to  vegetable  dust  present  no  great  evidence  that 
their  callings  are  markedly  inimical  to  health.  Certain  others,  how- 
ever, offer  important  and  interesting  facts,  indicating  that,  either  alone 
or  as  one  of  a  group  of  influences,  some  of  the  v^;etable  dusts  are  as 
disastrous  in  their  effects  as  some  of  the  most  irritant  of  those  of 
metallic  nature.  Among  the  most  unhealthy  classes  of  workpeople 
are  those  engaged  in  cotton  and  linen  fai'tories.  Cotton  dust,  or  "  flue," 
is  very  irritant  to  the  upjier  air-jiassages,  and  causes  dryness  of  the 
throat,  followed  by  cough  and  cxpect^iration.  In  some  operations,  a 
sized  cotton  thread  containing  kaolin  is  used,  and  then  the  air  is  laden 
also  with  this  very  irritating  substance.  Flax  dust,  or  "  ponce,"  is  even 
more  irritating  than  cotton. 

In  the  linen  factories  of  Belfast,  which,  accortling  to  G.  H.  Ferris,' 
employ  30,000  persons,  five-sixths  of  whom  are  women,  the  deaths 
from  phthisis  and  other  rosjiiratory  diseiisen  have  tx-en  shown  to  out- 
number those  from  all  other  diseases  by  about  two  to  one.  Among 
tile  women  below  thirty  years  of  age,  the  death-rate  from  phthisis  is 
three  or  four  times  as  high  as  among  women  of  the  same  ages  engaged 
in  other  employments.  In  1892,  the  phthisis  death-rate  reached  the 
'  JoumnI  nf  Rinte  Mo<lit!in[>,  Aturch,  1805. 
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vrntrmims  Iwifrt't  "f  41.1  per  10.000,  npiinst  14, C  fi>r  tlif  whol^r  (>F 
Eo^and  and  Wale*,  ami  IJl.fi  tor  nil  Ircliiiul.  A|urt  i'n>m  the  iutrin-; 
*K  (LinpT  of  lliv  (Htriiinitioii,  howt-^-tT,  it  tnurt  bv  nol«-<J  tliut  the  otj- 
tteetf,  tVom  the  nature  ul'  tlie  sihI  and  climate,  raonot  be  a  litalihr 
\*\hc«,  but,  nn  the  other  hmul,  it  niiirit  U-  NticI  timl  overcntwditifr.  uhti-Jt 
\s  s'.i  )^n1  ;i  liK't'T  in  the  cnUNition  itf  the  dir^eiL^e.  manot,  iL>  this 
iii>iiane(>,  W  charged  with  an  umifuitl  amonni  of  intliicn<x-,  >\nv*-  in  w> 
other  uity  in  Unul  Briluin  »ud  IrclaDd  are  there  so  raauy  bouses  in 
prufHirtion  to  the  |>opiiIatioi). 

Workers  in  tolmi-i'o  an-  ex[i(u<«tl  not  iiloiic  to  irritating  and  poiwoous 
diijst,  but  to  finjie'i  si>^  well.  They  are  much  siihjeet  tn  nusul  and  brnn- 
eliial  catiirrh.-*  and  disorders  of  the  dip-j^tivt-  ri]i{i«ni1n?>  hihI  ncr%(«» 
»y*leni.  The  women  etit;u|rc<]  are  (latd  to  abort  vctT  conunoaly,  on 
account  of  the  d«ith  of  the  fa'tus.  Mijny  iism-rl  tliat  the  ixx-upHtioniii 
itwif  is  mil  iin  njiheatlhy  »)ne,  and  that  it  jKis^ewcs  certain  advant^es 
iu  that  it  reiidei's  the  indiviihtal  K-.—  Mi.*«e|itible  to  infit-tivi'  ugitit-. 
Ad  ovideiiee  of  this,  it  is  wiiJ  llisit,  <lnnng  the  prcjit  cholera  epidemic  at 
Hambnn,!,  in  18J>*J,  thnv  were  but  8  eases  of  the  diiwase,  with  4  deathii, 
amunjf  the  0,000  eigammkers  there  roxidenl. 

Aiiiniid  dii>l  i^  ^\\■v\^  off  in  the  uunicrous  industries  in  whieb  wool, 
silk,  feathers,  fur,  bri^ili-s,  hair,  horn,  lioiic.  slull,  ivim'.and  other  suli- 
8tani?t.^  of  uninial  urinin  are  \\j^{.i\,  Thcw?  vuht-tiinws  are  irritaung  to 
different  extents,  as  nould  naturally  be  supposed  from  tlicir  vmrj 
diverw  elmnielor,  wtme,  as  wool,  fcsithers,  and  «ilk.  rf-J^-mhlinft  in  actir« 
cotton  anil  Hax,  and  oiheif,  as  shell,  bone,  and  ivorj'.  aetinj;  raoiv  lil» 
the  mineral  dti.*!*.  The  o|>eniliven  in  wiHiIJeri  milU.  ajijirar,  on  the 
whole,  to  be  rather  less  subject  to  phtbidis  thaa  iboee  engaged  Iti  the 
culton  and  ftar  indii»tri«i«.  Amon^  the  others  of  ihi^  clast,  thoce 
making  bi-uithe.a  and  button)',  espeeially  liearl  button^  are  r<t^ar(led  a* 
takin);;  ^ii.^ilcr  ri.-<ks  than  (he  re:<t.  Most  sUi tint! ess  of  thi^»e  indnstzict 
arc  faulty  and  ineonelii»ivc. 

4.  Occupations  Involnng:  Exposure  to  Infective  Hatter  in  Dtut. 

Thlt  Hnitf)  includes  thot^e  ha\-ing  to  do  with  lajr^,  mml,  botvehair, ' 
hiiU^,  and  oiImt  ninleriaU  likdy  to  Ik-  infiiHtd,      The  in)|Hirt]iiire  of 
Tttgn   as    a  vehicle    for   iufe<^lioii    has    been    niiieh   ox-^-mitn),    but    the  , 
danger  »,  itcvcrtlieleitK,  a  real  one,  as  the  experience  of  ]»per-niakxts^ 
has  uflefi  (Iciiioii^tTnted.     The  only  method  of  insuring  frei-doni   fnsn 
iufeetion  through  the  handling  of  rajp  \'i  ihorongli  disinftftion,  a  proc- 
«ft  iuvolvinj^  an  i-xiH-n.v^,  it  i*  as^crtvl,  much  di»pt»poniotiat«>  U>  the 
rwults  achie\'cd. 

The  moift  vomnion  di?>i.<ujie  oonmvtt^l  witli  infected  raw  matt-rial  \* 
anthrax,  or  "  wooI-fMirfers*  dis«i**."  the  j-prcad  of  which  W  often  t  raced 
to  horsehair,  wool,  and  hides.  Nichols'  n-fxirted  26  cases  of  this  dij" 
ea.se  a.«  iHx-urring  in  one  curled  hair  &clon-  iu  throw  yoif*.     Kavend* 

'  SKimil  Anmul  flrfcM  o(  the  Smu-  Itnni  of  Umllli  "f  M«»wn4ii»MK  [>.  WV 
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collected  12  cases  occurring  in  men  and  60  in  cattle  in  three  localities 
in  Pennsylvania,  during  the  summer  and  autumn  of  1897.  All  of  the 
men  Horke<l  in  taunerieri,  and  all  of  the  cattle  were  pastured  in  mead- 
ows watered  by  t-treams  which  received  waste  products  from  taiiyards. 
The  nkins  at  fault  cume  from  China. 

According  to  Dr.  S.  Ludiic,'  imported  horsehair  is  the  most  danger- 
ous material  brought  into  Fniuce.  The  French  market  ia  supplied  by 
South  America,  whence  it  ia  shipped  in  bales  compressed  by  liydraulic 
pressure.  Unpacking  the  bales  and  sorting  the  contents  ueoording  to 
color  are  alike  regarded  as  dangerous.  Atler  l>eing  sorted,  the  liair  is 
beaten,  and  in  this  jtrocess  much  dust  is  caused.  It  is  then  carded 
and  spun  into  ropes.  The  precautions  to  be  taken  include  removal  of 
dust  by  s[)ecial  blower  ajtiwratus,  perfect  cleanliness,  and  great  watch- 
fulness. Disinfection  of  the  hair  without  impairing  its  commercial 
value  or  unduly  increasing  its  cost  is  said  to  be  impracticable, 

Naturally,  the  danger  of  infection  by  the  s[Mires  of  anthrax  on  hides, 
hair,  and  the  many  kinds  of  w(h>1s  CJiming  from  countries  where  the 
dl'«ease  is  common  cannot  in  any  individual  case  lie  foreseen.  From 
ordinary  sheep's  w<h)1,  the  danger  is  slight,  and  from  native  wools  is 
practically  non-existent.  When,  for  any  reason,  dangi-r  is  appre- 
bendetl,  workmen  with  sores,  cuts,  or  abrasions  on  tlieir  liands,  arms, 
faces,  or  necks,  should  not  be  employee!,  ventilation  should  l)e  tlior- 
ongh,  and  all  precautions  should  be  taken  to  prevent  dissemination 
of  the  dust. 


5.  Occapatdona  InvolviD^  the  Inhalation  of  Offenaive  QaBes 

and  Vapors. 

This  cla.ss  of  iwcu|)ations  includes  a  great  variety  of  wliat  are  knoivn 
as  "offensive  trades,"  liaving  to  do  with  oi^nic  miitter  largely  of 
animal  origin,  such  as  tjinning  and  currying,  soiip-niaking,  ghie-inaking, 
fertilizer-making,  fat-rendering,  Ixme-boiliug,  keeping  animals,  etc. 
While  there  cmi  l)e  no  doul)t  that  these  otl'ensive  tnides  are  a  fni|Uent 
source  of  nuisance  to  the  community  at  lai^-,  evidence  of  injurious  in- 
fluence on  tlie  health  of  those  actively  engaged  and  of  the  pii|)ii1ation 
in  the  immediate  vicinity  of  the  works  is  decidedly  slenilcr.  There 
can  be  uo  doubt  of  the  disiulvantage  of  having  such  eslablislmieiits 
li>cated  in  the  midst  of  thickly  settled  comnuinities,  and  hence  tlx'ir 
supervision  constitutes  a  most  ini]v»rtant  |>iirt  of  the  duly  of  pulilie 
aulhorltie!^.  .The  workmen  are  likely  at  first  to  sutler  from  nausea, 
vomiting,  loss  of  ajipetite,  and  heada<^!ie,  but  these  evideui-es  of  dis- 
turbance disappear  within  a  short  time,  aud  do  not  reeur. 

Contrary  to  general  opinion,  these  iiceu|KitioiTs  not  only  do  not 
appear  to  shorten  life,  but  from  such  facts  as  are  presintc'l  I>y  the 
mortality  statistics  of  occupations,  it  may  l>e  inferred  that  they  con- 
duce to  longevity,  for,  as  a  class,  their  axenige  age  at  death  is  quite 
»  PubLc  Health  Hi.porls,  May  'l^,  IWO,  p.  1306. 
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high.     It  i»  linttlly  iiinys,tiirv  to  go  inlo  tbc  tkbiils  of  the 
involved  in  the  diUerciit  cuUings. 

6.  Occupations  Involving  Exposure  to  Extremes  or  Heat. 

Rx{Nisure  to  extrtnii'  heat  \»  a  oonooiniditit  tiF  u  niirubvr  of  othtr 
un^iuitary  itilliicm^''^  whit-h  afllt-t  tlit-  health  of  the  worker  In  a  varienr 
of  om:u [Kit ions,  which  imiude  iIkwc  of  I'ligiiuH-Jv,  fllokiTn,  iNM>k.s  Imkor*, 
miiKT»,  fun  11(1  ntTKii,  wwivcr^,  cmjiluyw*  in  rulliii^  mills,  wire  mills, 
siignr  refineries,  gliiss  iiicitirit^s,  and  others.  Tho  t-flects  of  gn-at  h«it 
nlono  arv  i'xliiwi.«liiin  :iiiil  thorniic  fever,  ami  whvu  to  ibcwr  are  added 
thoTip  of  viiiat«l  air,  dust,  irritating  fumes,  imd  danipoeKi,  the  «»n:*i'- 
(incnw*  niiiv  In-  very  frntvc.  fSncltlcii  oliilling  of  iIr*  body  and  pro- 
longed ex]>08ure  without  inten-als  of  rest  are  es]>ecially  to  U-  ^natilii) 
agitini^t.  The  workmen  of  tlii.«  i-la.-«  arv  c^imnionly  Klftvteil  witli 
nitarrhal  aiMl  rhenmatic  trouhkw,  d)««a£es  of  the  kidneys,  and  skin 
eruptions 

7.  Occupations  Involving  Exposure  to  Dampness. 

Kxposiirf  to  indimr  diinipni'ss  in  nnnnlly  only  ont'  of  n  number  of 
debilitating  iuduen<:«if,  the  ctfecti-  of  any  one  of  which  are  not  BU6cep- 
libU-  of  correct  m<sjsurein(*nt.  Outdoor  diinijiiMjHK  i.*  pn>bat)ly  far  ie» 
influential  for  evil  ;  bnt  continnod  fxjxj^ure,  wexislent  with  exhaiu'ting 
lalxir,  t'^  ci.indncivi-  to  rh(-iini:iti.itii  mid  bnint-hiitl  tntibkv.  With  ordi- 
nary eare,  hi>wever,  ihoi*  expiMwd  to  vieiwitniW  of  weatlier  and  to 
wctn«w  fmni  other  cnunist — dn'vi^rs,  iKiatnicn,  fishermen,  ami  trench 
dt^ens  f'>r  exani|)Ic:^^-ujoy  good  health  and  are,  an  a  citue,  lung  lived. 


8.    Occupations  Involving  Exposure  to  Abnormal  Atmospheric 

Pressure. 

The  pTiiici|«il  eiilliiic  of  this  gn>np  is  tliat  of  raisson  worhers  wlw> 
pufier  from  what  is  known  as  the  caiwoii  di.-MiiM-,  iIh'  jMitlvoIopi'  i>f  whteh 
w  by  iH>  nirtin.*  elcar.  A  caiwon  may  1»  defined  as  a  lai^  inverted 
water-tight  Im)X  in  which  work  i"  [Mrforiiied  Ixhtw  the  w'an*r-h-vel,  h« 
in  Ihc  laying  of  foundatione  for  the  piers  of  bridgn;.  It  \*,  in  fact,  a 
divinjr  '"'II  on  a  latpr  w-alc.  It  is  pi-ovidinl  at  the  (op  with  a  shall  for 
ingi'i^-  and  esress,  communicating  with  which  anti  with  tin*  interior  is 
a  chaniln-i-  with  two  sets  of  doors,  known  as  an  air-lock.  Placed  in 
pot^ition  and  heavily  weighted  wilh  maiionni'.  it  i>inks  into  iIh*  mud 
beutslh.  The  air  in  il.n  interior  is  eompre»<nl  by  the  action  of  the 
f«]rr»nnding  water,  and  the  thereby  diniiiii<hcd  air  sjbkv  is  n-^toml  by 
downward  displacement  of  water  throngh  the  agencj'  o(  powerfnl  air 
pimi]i».  The  iIwjht  the  caiswou  sinks,  the  (rn.Titer,  of  comse,  the  at- 
moHpheric  pressure  witliin.  Ak  the  work  of  excavation  pFogn^wies.  t)fe 
appsmtiis  Kinks  d4^]>er  and  deeper,  U-ing  assisted  in  its  downward 
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movement  by  the  weight  of  the  superimjiosed  m&sonry  ;  and  when  the 
projier  geolt^ical  formation  is  reached,  the  interior  ia  lill^  with  con- 
crete, which  thus  forme  the  solid  foundation,  and  the  box  is  left  there. 
In  entering  the  caisson,  the  workman  goes  first  into  the  air-lock  and 
closes  the  door.  The  pressure  in  this  compartment  is  then  gradually 
equalized  with  that  of  the  caisson  chamber  by  means  of  an  inlet  pipe 
controlled  by  a  valve,  aft«r  which  he  opens  the  inner  door  and,  enter- 
ing the  chamber,  closes  it  again.  In  emerging,  the  process  is  reversed  : 
the  pressure  in  the  air-lock  being  raised,  be  enters  and  closes  the  door ; 
by  means  of  anotlicr  valve,  the  pre^ure  \i  lowered  gradually  to  normal, 
and  then  the  outer  door  is  ojKued.  The  operations  of  locking  in  and 
out  must  be  conducted  gradually.  In  locking  out,  the  rule  in  to  allow 
at  least  one  minute  for  each  6  jwunds  of  pressure  within  the  chamber. 
Attention  must  Ix;  |«tid  also  to  the  htwcriiig  of  temperature  which 
accompanies  the  expansion  of  the  air  within  the  luck. 

The  symptoms  of  the  peculiar  disturbance  do  n(»t,  as  a  rule,  appear 
until  the  pressure  equals  20  pounds,  and  some  time,  measured  in  min- 
utes or  even  hours,  after  emerging.  In  some  cases  in  which  cerebral 
and  spinal  symptoms  are  severe  from  the  b^inning,  death  occurs  within 
a  short  time.  The  synii>toms  include  headaclie,  pain  in  the  ears,  rapid 
puLse,  sweating,  severe  pains  in  the  Ipgs,  back,  and  epigastrium,  and, 
later,  paralysis  of  the  motor  nerves,  generally  of  the  legs,  sometimes  of 
the  arms,  and  not  infrequently  of  the  bladder  and  rectum.  The  motor 
nerves  are  in  some  instances  involved  before  the  sensory  disturbances 
appear.  The  epigastric  iMin  is  accompanied  sometimes  by  vomiting, 
more  or  less  severe  in  character.  Mild  cases  of  the  disease  last  from  a 
few  hours  to  a  week  or  longer ;  but,  whether  mild  or  severe,  complete 
reooverj'  is  the  rule.  Where  electric  lighting  is  not  employed,  irrita- 
tion of  the  bronchial  mucous  membrane,  cough  and  expectoration,  due 
to  aot)t,  are  not  uncommon. 

The  cause  of  the  main  symptoms  has  been  the  subject  of  consider- 
able s[XH;ulation,  and  whether  it  is  mi  excess  of  oxygen  in  the  tissues, 
which  seems  improbable,  or  congestion  of  the  central  nervous  system, 
or  some  other  condition,  ap[)ears  to  be  inca|»able  of  elucidation.  The 
use  of  intoxicants  ap^Mnrs  to  be  a  predisposing  influence;  hence, 
drinkiug-men  should  not  be  employed.  Thin  men  are  much  less  sus- 
ceptible than  the  stout  and  full -blooded.  Work  should  never  be  [wr- 
formed  on  an  empty  stomach,  and  periods  of  absolute  re.st  ."hould  be 
fnxjuent  when  the  pressure  is  unusually  high. 

Submarine  divers  are  subject  in  a  lesser  degree  to  the  same  train  of 
symptoms. 

9.  OcoapationB  InTolving  ConBtrained  Attitude. 

These  include  a  wide  variety  of  trades  leading  to  various  deformities, 
the  most  important  of  which  is  constriction  of  the  chest.  Vitiated 
air  is  a  (M)mmon  coexistent  condition,  and  phthisis  is  a  frequent  cause 
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10.  Occupations  Involving  Overexerciae  of  Parts  of  the  Bodjr. 

'}l\w  iM-i-ii|»ition.4  of  thb  pb.vi  liriitg  hIkhiI  ii  vnrivty  of  (IfforTnitiea 
aud  nf  liiti^ue  iieuro^et^  cliarnctcrizi.'d  by  <li>fturijflD<^  of  th«  liiLK^iooal 
tii-tivity  of  jjroops  of  muM-lf^  traiiiwl  by  praotict*  in  higUly  H|nx*t»linil 
I'oonb'tiatciJ  tn()vcments.  Thwo  iiiobiik-  itiicb  futiilitiini'^  uk  the  crnoip* 
of  writPi'H,  ti-lepraj>bers,  pianists,  violioistii,  <>nj:ravi>rs,  sraniAln-»ni, 
anti  olIioR,  wml  lot-iilimil  imnily*'"  iiiid  tremor*.  The  patholngi,-  of 
tbese  comiitions  is  very  obscure ;  but  iu  ceilain  of  ihe  oaM*,  esijecially 
tboM?  ii)  wbic'b  tbt-  liiryiix  i»  ovcrexiToi^cfl,  tbc  dvim'iit  of  by>ti-m 
eiitors  to  a  wii^^itlcriiblf  t'Xiciit.  Tbt'w?  abnormal  conditions  are  of  fax 
ItKS  hygii'nio  inijxirtanci-  limn  any  ijiiil  \\&vv  btvn  coiipi<UTi'«l,  und 
of  intercttt  ohiclly  to  tlie^pLt'IuIL^t 


I 


1 1.  Occupations  Involving  Sedentary  Lif«. 


i 


Certain  callings  arc  commonly  i-ct  down  at>  nfdctttarg  occupatiofu; 
but,  (tirit-tty  speaking,  tbis  cliif;*  i&  closely  inwrwoven  witli  s<-\'eral  of 
thoR'  idniidy  nicntiunf^tl.  For  iiictuncc,  a  vcrj'  l.trp:  number  of  in<lu<>r 
oi-cn]intioi)ii,  carried  on,  iterhaps,  under  conditions  peculiar  to  ihem- 
)§clv(-)<,  iiri'  lit  ibc  Nimc  time  MsU-iitiirv  in  llicir  niitniv. 

Tbe  ubnornml  conditions  bivtiigbt  aUiut  by  scdentan'  life  are  tho«e 
indnc4-il  by  a  lark  of  pnieral  <'X»'r(;i!iM>  of  tlie  iKidy.  Tliis  brings*  abont 
a  gencrtil  sliigjri'^bnp'''*  of  ibc  fnnctiims,  which  i*  ordinarily  niort 
markcti  in  tlnw  of  rtn-  nlHloniinal  organs  and  hiart.  Tbe  conH?i|uenc» 
of  too  H<»t'  confinement  and  lack  of  exercise  are  too  well  known  to 
need  detailwl  mention.  OitliiiHrily,  ibcy  can  Ik*  expre^jw^l  by  the 
tcTTu  "general  debility."  There  is  no  parlicnlar  reason  why  M<lcnl»iv 
occupations  should  injure  beiUtli,  and  it  will  lie  found  in  almost  all  in- 
stnnoo  'if  im|>ain:'<l  function  that  tbe  sclintary  habit  ir-  not  pivntiar 
lo  tbe  individual  wliili-  at  work,  but  during  Ixitli  work  and  leisure 
)i»nn«.  The  sedentary  worker  has  the  timtlcr  of  [)ro[ihybixi^  in  his 
own  hnntU,  und  >ihoiild  tnke  a  reasonable  amount  of  vxi>r<n«.-  daily, 
preferably  in  the  o|>en  air.  It  i*  eonimon  lo  include  bra  in- workers  in 
tbi*  class,  and  to  attribut"-  to  the  si-dentar}'  j^idc  of  tiicir  live*  the  cmi- 

luences  of  ovcr*'\crlii-n  of  the  mind.      It  must  be  rememlien>d  tliat 

tivity  of  tbe  mind  ba>^  no  shortening  inllucncc  on  life ;  Iml  nlntu-  t>f 
the  mcntul  jviwcrs,  and  especially  mental  worry,  conduce  to  headache, 
iitflomni^.  and  general  breaking  do^^i)  of  tlie  ncrv'otui  syaluu  and  of 
the  gviK'ml  h<;altb. 


PROPHYLAXIS  IN  GENEBAI.. 

In  wliat  ha8  gone  ln-fiirc,  it  will  l>e  noticetl  ibat  the  disiislron*  ctTcct* 
a(tribute<l  to  oocupations  arc  in  very  laigi-  jmrl  due  (o  n(in-ol)«Tvanc* 
of  Ihe  principles  of  gt-ncral  brgienc.  and  cbicRy  to  inaltciilion  In  tluit 
mo*t  important  sanitan.-  iiHmwiinc,  perfect  ventilation.  Il  will  liave  been 
noted  that  in  Groups  I,  %  3,  4,  <>,  and  6,  the  condition*  whicti  bring 
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about  impairment  of  health  may  be  reduced  verj-  largely  by  a  con- 
Ktant  supply  of  fresh  air.  With  proper  attention  to  this  matter  and 
improvement  in  the  home  aud  home  inBueneet^,  greater  attention  to  thi! 
character  and  preparation  of  food,  and  a  more  genera!  observance  of 
the  beneficial  influence  of  active  outdiwr  exereise,  no  ver\-  great  differ- 
ences would  be  uot«xl  in  the  health  of  the  various  classes  of  ivork- 
people,  and  the  expression  occupation  dUames  would  lose  what«ver 
significance  it  now  has. 

Employment  of  Women  and  Children. 

In  view  of  the  dangers  and  conditions  incident  to  a  great  variety  of 
occu|)ationH  directly  or  indirectly  inimical  to  health,  it  is  of  the  utmost 
im)x*rtance  to  protect  the  he-.ilth  of  women  and  children  by  restricting 
them  in  the  daily  number  of  hours  which  they  may  give,  and  prohibit- 
ing their  employment  in  distinctly  dangerous  surroundings,  for  women 
and  children  are  more  delicately  or^niiHMl  and  less  resistant  to  weak- 
ening influences.  Particularly  should  women  be  |)rotected  during  the 
child-bearing  age,  so  that  they  may  l>e  insured,  so  tar  as  is  possible,  a 
healthy  progeny.  It  hardly  nee<ls  to  l>e  said  that  children  should  be 
prot«^«ted  most  carefully  during  the  i»eriod  of  tlieir  full  develoj>ment,  in 
order  that  they  may  come  to  maturity  in  a  fit  condition  to  take  on  the 
responsibilities  of  the  family. 

Inattention  to  the  vei^'  great  Importance  of  conse^^•ing  the  health  of 
women  and  children  is  bound  sooner  or  later  to  result  in  degeneration, 
and  this  fact  has  received  the  attention  of  the  law-making  bodies  of 
alt,  or  nearly  all,  civilized  countries.  In  this  country,  it  is  oonstitu- 
IJonally  a  matter  for  legislation  by  individual  States,  in  many  of  which 
not  only  is  their  physical  welfare  protectal,  but  the  moral  aspects  of 
trades  as  well  receive  due  attention. 

By  1(^1  enactment,  the  employment  of  women  in  certain  kinds  of 
work  is  prohibited  absolutely,  and  in  many  others  is  restricted  as  to 
number  of  hours  acconling  to  the  nature  of  the  work.  The  very  great 
value  of  most  of  the  legislation  regulating  labor  by  children  and 
women  is  too  clear  to  need  demonstration. 


CHAPTER   XIV. 


VITAL  STATISTICS. 

The  sHencp  of  vital  statistiw-  «iiiii)ri*c»  the  auulysb!  and  syuti 
of  fiwts  ('on(*niing  the  lift-history  of  jHiputatioa.s.  Ii  ]MiDb<  oui 
and  t<>  >vii!il  vxtviit  disiwM'  uik)  <li-:ilh  nn>  vn  Ihv  tiK-rmiw,  and  futgsatf, 
thprpfore,  the  inauguration  of  combative  MinilaTA'  effort,  tJie  ofBHi-iirr 
uf  wlii<-li  it  ciiitlili.T'  lis  to  nu'iiMirc.  It  fnnii^lKv-  IIh'  tni^U  for  the  sttnlv 
of  111!  the  vnriouB  social  problems  which  affect  increase  and  dimiuutioD 
in  iiunilH-i's. 

It  is  axiomntic  thai  the  facts  emploved  tnunt  be  Dumerotts  and 
aeciirately  elated  and  eliinr<iti(il,  in  onk-r  thnt  tlie  iiitix-niatioir  MU|i|Oin] 
thcnfnim  iihiill  Ik'  trns1w<irthy  and  of  value.  TIicbc  factt^  coinpriw- 
those  wh'''h  are  yielded  by  ilie  et-iintis,  as  tmiubers.  agi-,  M'.t,  «v>W,  w- 
cujuilion,  ni)d  t-oiijngiil  rdiiliotis,  and  tliow  rejiorlfd  to  and  rfponifti  br 
Jot^d  and  eLiitnd  auttiorities  eonceniing  infectious  diseases,  marriage 
birlli.-,  and  tIeiitJis. 

The  study  of  these  facts  and  their  correct  interpretation  are  by  no 
njHMiK  Mmplc.  In  (.■cnKiif  vuirH,  it  i"  not  difbciilt  to  obiaii)  pmrlitnllv 
nreiirate  information  of  the  siw  of  the  population,  and  the  ntaos  rf 
birtliH,  marriago!',  and  dL-nthi',  and  at  nil  tinn>!^  to  know  iht^  d«^rw  of 
prevnlenii-  of  nfilifiable  disease;  but  the  intelli^nt  interpretation  of 
thc--!^e  fiir1»  i-^  oneii,  if  not.  nsiiiillv,  n  nioNt  cotiipli-x  pn^ideni.  In  the 
hands  of  those  who  understand!  the  fnllnrie^,  the  nnnieroiu  somves  of 
error,  the  iiirn^^tioiiH  to  Ih'  n]iplkil,  and  the  noniparalive  values,  ^tati^ 
tics  can  be  made  to  yield  knowledgr  of  iinntcnw  vahu-  to  Eanttaiy 
soieni*;  bm  in  tin-  Imnd^  of  ibe  un.-killed  or  un?^rTip«ilo(Ls  they  may 
be  niori-  prixlnctive  of  harm  than  ab«ib)tc  ipuinuK-)-,  for  it  i;^  b«-Iti.T 
not  to  know  al  all  than  to  Ix*  misinformed. 

It  IH  vri.-ll  known  that  it  is  oOm  }MiKxibli-  n|^wrenlly  to  pntvc  twu 
direct  opinsites  with  the  same  statistics,  the  fallacies  being  unob#«TVH]. 
ind  to  thin  fuct  is  dm*  the  low  i-stinmle  in  which  all  statisii<-al  stndiir« 
nn-  held  by  tbosie  inrajiable  of  di>lingni>-bing  the  Mx-  Ipmi  the  irac. 
Statistics  may  l>o  nmdi"  to  lie  whili-  they  apjx^r  to  tell  the  tnilli,  and 
they  have  Ijccn  nnsed  to  superlative  nink,  thervfurc,  amtnig  falsiRcn 
of  all  d<^rees, 

Ai*  Im.i  Ihi'h  wid,  tin-  intcr]>n-t«tioii  of  Kliili^in>  is  no  >im|ilc  matter. 
It  retjuircs,  in  fact,  a  mind  not  only  naturally  logical,  but  trained  in 
drawing  M-ieiilittc  itifenmoes,  iu  ihi-  nMi^iitjon  and  nvotdaotv  of  tltr 
iiiAuenoc  of  fallacy,  and  in  the  correct  estimation  of  the  value  of  di/^ 
iei^nt  factors  and  disturbing  influences,  Bnt  even  with  Be\-ernl  such 
minda  working  un  (he  same  mass  of  nuilcriid,  decided  diffcn-ncci  may 


I 


2-Jlf  CEXSt/S. 


687 


be  ibuiid  in  their  respective  coiicIiL'<innii,  iiome  apparently  Rinnll  fuot 
being  ovcrliHikiil  by  oiic  or  \n:\ng  crtilitwl  witli  titidiic  inijiortaiitx)  by 

»aii<itner.  Tbt-relore,  in  publishing  farts  »wl  Hifennn^,  it  is  \w\\  to 
give  a»  miiob  iw  possibU-  nf  (IctuilK,  nml  to  bring  mit  rburly  tbi'  lliivinl 
lit"  lb(!  reasoniiio;  Iwuling  lo  tbe  liiml  cotielusioiw,  fur  tbt-n,  iith<T  ;iniil- 
yslfi  may,  by  pointing  uiit  ik-l;utublv  Usuut,  iu!!^i)>t  in  ditluciug  llw 
abtMibitK  tmtb. 

The  OeDsns. — Tho  \'pry  tbundatinn  nf  v-ltul  atatiatics  U  a,  knowledge 
»r  tbe  ■iii'^  nt'  the  po|iiilatiun  iind  ot'  tbe  iigt^  uf  tliv  uuit*  uf  wbifL  it  i« 

»oi>tn|wj«i'd.  Ill  wiiMi.''  Vfiirs  this  miiy  l>e  rt^inb-d  a.*  anlwlantially  ac- 
curate; but  in  the  intervening  yenra  it  is  iicucmutt  to  uuikc  u.'<(iniiit<.» 
Inidcd  on  [ui^^t  mid  (trencnl  indicnlion.s  which  may  teed  to  wide  varia- 
tiona  from  the  truth,  not  rtUj«foptible  of  eurroctton  until  the  next 
rnumenition.     Tho  censiUH  I-h  tnkon  in  all  civilijred  countriet*  at  i^tated 

Iintorviil)",  iMimlly  of  fivo  or  ten  years.  In  Fninirt-  and  in  Uennany,  it 
is  tjikei)  every  five  yrarn  ;  in  this  country  and  in  Grwit  Britnin,  ever)' 
ten  yeant.  In  this  country,  many  of  the  iadividiuil  SlaKtt  haveuu  in- 
clepetuleilt  enumemtiim  in  the  middle  of  the  inlercen»d  period,  so  that 
tlw  crnifU»  i"  virtually  i|iiini[Ucniii:d.  Tbe  ix-iLiUS  givo.i  the  ]Kipu1iition 
I  of  each  community,  and  also  imjMirtant  Ciets  as  to  age  diAtributiou,  muc 
[.(lUtributJou,  nuH-,  oecuiiaiioiis,  and  civil  nliite. 

Fmm  the  von*  niiliire  of  the  work,  dealing  in  a  very  short  time  with 

viuit  nundiuri4  of  individual  nounxM  of  inlonniitiun,  no  ei-iisiis  i-an  In; 

.  iit>Ho]ult'ly  Hcciinite,  but  under  present    methotU  the  reHidls  obtained 

iTiay  be  regardiil  a.-  being  as  nearly  a»5!iinite  as  jwirtiible.     It  in  jiivtb- 

I  able  tliat,  in  ii  large  ck-gree,  iho  orrow  coiintcrlmlance  one  another,  but 

I  how  far,  nan  be  only  a  matter  of  conjecture. 

The  sourcff  of  error  in  census-taking  siix-  intmtionni  fRiuds  and  neg- 
ligence on  the  part  of  tbe  enumenitoro,  ignorance  ami  wilful    inl-nliil*- 
I  ment  on  the  [mrl  nf  ibose  interrogMltHi,  absence;  of  roiilcnts  when  rallol 
I  Upon,  and  incluHiun  uf  transient  visitors.     In  \HW.  it  in  wi-11  known, 
I  in  certain  oitiee  gro*i  frauds  were  practised  in  "  [Milding  "  the  rt-t  urns 
v>  tut  to  ii)crca.«(^  the  firs  iluc  the  iniliviiliial  enumenit'>rv  concemwi.   In 
t«ae  caw,  a  hotel  regihier,  riinuing  back  si-vi-n  years,  is  known  t-i  hiivc 
iMTVed  M  U)  aid  in  tbv  miuuifiu-iiin^'  of  pojiuhilion  reluniol.     During 
Ftbe  Mime  wiwub,  many  complaints  wem,  made  that  wboU-  streets  and 
difltricLs  were  omitted,  Uie  iiifei-euoc  Ijeing  that  llic  eniiineniton'  i-itber 
Mli<l  not  regartl  the  work  as  riuflicicntly  remunerative,  or  made  up  their 
reports  reganlless  of  the  I'arls,  and  witboni    llic  lUxiigni-able  nii^-ssity 
[of  going  front  hoiiKc  to  bou^c  for  information  only  slowly  obtained. 

Ignorance  on  the  part  of  the  jiersnii  ipK^tioncit  is  doubtless  a  m»re 

(VuilJ^d  snnrce  of  error  timn  inl^'utionHl  misstatement.     Many  |ier»ons 

'  not  know  their  age,  and  give,  then-fore,  only  a  giieRs,  whieh  is  most 

lonly  e3[prtissi-<j   in  muliiplew  of  five  an<l  ten,  more  e*pecialiy  the 

'latter.      This  teiKk-iiey  appears  in   general,  only  after   the  Iwenty-lifth 

I  jwoT,  and  is  shown  gra|ibi«dly  by  niiitns  of  tbe  itct^ompiuiviiig  diagmni 

f(Rg.  108)  by  Mr.  K.  H.  Hooker,  taken  from  Xewehobne's  A'ilal  Sta- 

I  tiBtios.     Again,  many  data  oonccrning  the  nceujMinls  of  a  bouse  an 
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given  by  pcrsimB  not  (joalififd  to  know  ;  ihuif,  the  PCtiiriij<  fi>r  n 
&niily  may  be  based  upon  the  statement  of  a  ^n.'aDC   not  long  in 
place. 

Iiil<>ntiana1   mUstatement  is  moiit  mnunon  with  reganl  to  age 
«.>ovii|iiiti<ni,  muMV  wiHliiiif;  In  u{i|ii.-:ir  yniiiip'r,  olher^  t>lilvr,  llinri 
really  nre,  ami  many  bfing  ivluctiint   to  jilale  oorrectiy  the  ocrupaiiom 
of  tiiiiu.-tvlvcH  uiul  of  iiK'itilxT.4  of  thc-ir  liotLii'lidlil^,  prvferriiif;,  \kt\k 
to  rputnl  others  more  ■'  ]j^nt«el "  or  imporlunt.     Otber  wUful  mi 
in<^tri  are  due  vitv  aminionly  to  tliat  o\er-devclnpnii-iit  of  ihr  Mitfe 
of  humor  thut  ()U]m>»i.->^  il:^  iiiifortiniut^^'  jm^iscNwr  to  npirtl  cxtraii^siit 
lying  a«  the  acme  of  wit. 

'I'Ik*  in(<-[iiioiiul   nii»4tAU;iiiviit  of  ii^-  in  inon-  cunimoitly  a  Grnlt  of 
women  than  of  men.     Women  ai-e  prone  to  understate  their  age  afi« 


MumbtiTof  ftrfOOf  In  Tumaalft  llTlns  at  ivch  jtuet  ■gi'.  ■rrordloclolk* 
•bowuut  lb«  MSdcDcr  t«  clusUt  ■(  raund  dtcciiiilal  |»rtcfc. 

paH-sing  twoiHy-fivc ;  with  men.  the  tendwicj'  is  to  add  mther 
eiibtni«t.  After  twenty-five,  many  women  become  wn-itivc,  ami 
their  ngsK  lut  under  tliat  ng«^  and  do  not  prc^nca  for  sex'vial  nan. 
Thi"  i«  shown  xtalistically  by  llie  BritiKli  ccosiw  rrtnmn,  from  whi<-h  it 
appears  tlmt  the  gir!n  of  10  to  US  years  of  one  census,  who  bcnmie 
women  of  20  (o  2o  y«n>  of  the  next  wiwiis,  rcnt-h  these  latter  ape 
IKTiods  without  snfferiiig  any  loss  in  numl>er  through  liuith  and  vmi* 
gtation  ;  hnt,  on  the  eimtinrt',  with  an  augmentation,  while  tbc  women 
of  20  to  25  y«»rs.  who  lieeome  30  to  So  yeaw  old  at  the  nvjl  r4.iii<u», 
bIhiw  a  \ery  jinat  diminnlion  in  mimU'r. 

'Ilnii*,  a*  shown  by  I>.  I'arr,  the  Regi«rtrBr-Oen*'ral,  in  lft-ll,thi- 
numbcr  of  girls  of  10  to  15  years  was  l.OtW.lll',  and  in  1851,  the 
ntunberof  worot'n  of  20  to  25  y«ire  wa»  1,030. 4^6,  oi-  27.337  more, 
while  the  women  of  20  to  25  years  in  1841  numWml  973.69);  and 
yielded  in  1851  only  7t!8,7II-^  li»^  of  2O-l,»80.    It  is  incuoceivable 
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that  the  losses  among  the  youDger  group,  due  to  death  and  emigration, 
should  liave  been  more  than  olfsct  by  immigration  to  the  extent  of 
27,337,  and  that  the  R&me  influence  should  liave  failed  to  the  extent 
of  204,985  to  do  the  same  thing  for  thof«  of  the  later  ^;e  periods. 
This  discrepancy  is  said  to  be  capable  of  demonstration  by  compari- 
son of  the  returns  of  any  two  consecutive  subsequent  enumerations. 
Children's  ages  are  very  commonly  overstated  in  the  earliest  years ; 
then,  as  the  limit  of  age  for  free  transportation  in  puhlio  conveyances  is 
passed,  they  are  understated  as  long  as  possible.  Finally,  when  the 
statutory  minimum  of  age  is  the  only  bar  to  the  utilization  of  children 
in  the  various  trades,  the  years  held  back  are  restored  with  some 
additions. 

Estiinated  FopulatioiL. — In  intercensal  years,  it  is  neces^r\'  to 
estimate  as  nearly  as  possible  the  growth  or  decline  of  a  population, 
making  use  of  such  factors  as  can  be  obtained  by  comparison  of  the 
two  preceding  enumerations  and  from  other  observed  infltiences.  This 
is  done  very  commonly  by  dividing  the  difference  between  the  figures 
of  the  two  by  the  numlier  of  years  of  the  interval,  thus  obtaining  the 
yearly  incrca.%  or  diminution,  and  reducing  it  to  a  percentage  which  is 
assumed  to  be  the  nile  obtaining  until  the  next  census.  This,  of 
course,  is  merely  a  guess  which  may  l)e  near  or  very  wide  of  the 
tnith,  since  very  many  influences  may  be  in  o])eration  to  bring  about 
conditions  actually  very  different.  But  one  must  work  with  the  best 
data  available  and  eliminate  as  much  of  error  ns  possible ;  hence  the 
ratio  of  increase  or  diminution  is  assumed  to  hold  until  the  next 
census,  and  in  the  meantime  errors  must  be  diminislied  as  much  as 
possible. 

One  of  the  first  errors  into  which  one  falls  is  in  assuming  a  fixed 
ratio,  based  upon  the  above-mentioned  meth(Ml  of  calculation.  Let  it 
be  assumed,  for  example,  that  the  annual  increase  in  the  population  of 
a  city  of  100,000  inhabitants,  determined  by  a  comparison  of  the  two 
preceding  enumerations,  is  2  per  cent. ;  if  wo  reckon  that  in  6  years' 
time  the  population  will  have  increased  5  times  2  ]x>r  cent.,  that  is  to 
say,  from  100,000  to  110,000,  we  fall  iit  once  iufo  error,  for  tlie 
increase  proceeds  not  by  simple  but  by  eom|K>iind  interest,  since  in 
reckoning  by  simple  interest  no  allowance  is  made  for  the  augmentiitinn 
of  capital,  so  to  speak,  due  to  the  annual  increase  in  the  number  of 
persons  arriving  at  the  nubile  period. 

The  method  generally  adopted  is,  therefore,  based  on  the  assumption 
that  population  increases  in  geometriral  rather  tiian  iirithmetical  pro- 
gression, and  the  formula  employed  \s  P' ^=  l\l  ^  <■)',  in  which  P' 
represents  the  estimated  jwpulation,  P  the  [y>pu]!iti<>n  according  to  the 
last  census,  r  the  annual  rate  of  increase  jwr  unit  of  popntiition,  asccr- 
lained  by  comparison  of  two  .lucccssive  ennmonitions,  and  ii  the 
number  of  the  interccnsal  yrar  in  question.  On  the  luisis  of  a  2  [ler 
«eDt.  annual  increase,  the  population  at  the  end  <)f  the  first  lear  would 
le  102,000;  at  the  end  of  the  seoimd,  it  would  be  102,nno'plus  2  |)er 
^xaL,  or  104,040;  at  the  end  of  the  thir<l,  106,121  ;  at  the  end  of  the 
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fourth  108,243 ;  md  at  the  vikI  uf  the  tiflh,  110,408,  or  an  LneratfJI 
of  -108  ovi-r  ihp  original  estiniale,  J 

As  an  ilUii^nitiou  of  t\w  iiiniiiier  nt'  applying  this   formiilii  in  IIm 
«»linmtion  of  ihi-  ptipulittioii  at  tlie  expiration  of  tlw?  fiftli  inierontiiJl 
yeiir,  ill  thi.-s  iiiMiuK.''.' of  nii  ori^uul  |H<piil!ttir>ii  of  10O,<IO4)    Jiit'D'UMOff' 
at  the  rate  of  '2   (ler  cent.,  the  foUoiving  niav  serve :      The    formab 
i«  /"=  100,000  X  (I  1  0.02)»;  (I    )   0.02)»=  1.10408.    100,0*Mt  a 
1.10408  =  110,408  =  /"  as  given  above.     Muck  time  is  nved  id  the 
i-al<-ul:ilion  l)y  itH'fiiirse  to  I ojjariih [■))<.     For  a  pn»]»('r  estimatioti  ■•!'  tlw 
popiilaliou  ut  ativ  jmrtirular  |ii-i'i<Kl  in  theyi'ur  uti  this  Uim!<,  due  allovE- 
ance  should  be  made  for  tlio  fraction  of  tlie  iinoompleud  yi>ar. 

Pupiilntioii  is  "oiiK'linii':*  eslimatiil  by  iwiiig  uj^  »  lactor  the  ave 
uuniber  of  pernons  jier  babilatiou  according  to  the  prect?ding  eeDM»| 
rt-liim.s  and  innl(i|ilyi[ig  tliin  by  tht?  nnnihi-r  uf  ItoiiM.?  fdiiiid  l/i  Iwl 
occupied  at  the  time.  Sonielinie^i.  also,  the  number  of  regieterwl  vole 
lit  u.tMl  ai^  a  IwMtt  of  i-aloulatioii,  and  agsiiii  tlii'  birlli-rate,  iiitd  u;:;ua< 
the  number  of  ehitdreu  in  utieudauu'  at  tlie  eeverul  scbooU.  Tb 
iin'tliods,  however,  aix-  vcit,'  faulty,  and  oflen  even  <)uite  vnlui'l(*st. 

Whatever  (he  tuctbod  adopted,  and  notwithstanding  the  ealeulatioiuj 
of  the  amount  of  induenee  exerted  by  cniigmtioti,  imniigratiim,  uini'^uiilj 
pn-valciKN.'  of  or  freedom  frnii)  itd'eetive  difiea^es  and  otlier  faelorsy 
eiitiniation  of  population  ift  ven,-  freipieutly  wide  of  ll»e  truth.  Wiiliinf 
recent  y«ins  for  cxnitiple,  the  luiul  eiiifful  eiftiniate  of  llic  |>uj>ulati<mj 
of  London  by  the  liegisirar-fieiifnil  was  found  by  the  eenmi'*  rcitir 
to  be  no  Iciik  than  it  <iuartcr  of  a  niilliuu  in  excc-«i'  of  the  tnitb.  Whbl 
errortt  in  e.><limation  eonie  ncimsarlly  errors  in  all  the  rating  of  liirtlii^| 
marriageji,  and  deaths,  and  tbese  mui^l,  tlierefore,  uudergo  correction  at  ■ 
the  pro|H'r  time. 

Increase  of  Popnlation. — The  growth  in  popniitlion  ihie  to  exce*«i 
of  birllin  >>ver  <!e;itli-  i>  known  »f  the  natural  incrtaiv.  That  wlurli  isj 
<ltie  to  exeeMS  of  birib^  phii'  iminiirnition  over  iluitltx  )thi.«  cniigratir' 
is  knowu  n!i  the  aettuti  incrftiat.  Fbietiuitionji  in  niitunU  incr^^a.'^  arel 
oauM^  by  changi-K  in  mortality- mid  birlb-i-atiTri;  ihu.s  a  divlini-  marl 
bv  due  to  u  diminution  tu  the  number  of  hirtlis,  or  to  nn  inerea>v  inl 
the  number  of  deiithh,  or,  nion-  markedly,  to  Imth.  FlueiuaiiKn-"  ia 
uelual  iiienwfe  are  tuiiwtl  by  the  Mime  influences  ]i1u«  tlioM;  of  imtni- 
gratton  and  emigration.  Growth  may,  therefore,  be  slow  or  fa.«t.  anJi 
Mtndy  or  varii'd  and  Hpi.-tnicHlic,  aeeonliiig  to  evW"ji<B{>iblc  ehnnging'j 
conditions,  governed  largely  by  eomniereial  prosperity  or  depression.' 
iKvline  in  {lopiitalion  may  be  dm*  to  <-xn-rv<  of  tieallis  over  birtlu^  Iwtj 
ii«  (ikininonly  the  eoiiM''|iiciioe  i>f  emigralton,  m 

PopolatioD  OoustitotioD. — \Vhat  i^  known  as  the  cotL<>titutkin  n^ 
a  [Mipniiilioii  ."Ii-rt^  the  irliilivc  pn)]K.trtioiw  of  nuile*  ami  f>iuale>  an<l  I 
of  peixtns  of  different  age  periods,  Thene  feels  aiie  obtained  onlv  fnjoi'' 
tlie  oensu.<4  returns,  and  aiv  commonly  aece})liil  as  holdii^  p*"*)  anli!  i 
the  iH-xt  census  gives  dtfTerent  figures.  In  cities  and  laig«  tovmr,] 
the  projMiriion  of  femaleii  is  generally  eonsiilembly  higher  than  (ban 
of  lulled ;  while  iu  country  distiictv  the  n-vei^e  is  true  or  the  <:xcees  i*  J 
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slight.  This  Is  ex])lnine<I  in  several  ways :  In  the  first  place,  women 
an-,  ill  gfiH'nil,  Imini-r  live*)  tliiiii  iiuii ;  in  rlic  wofrnd,  men  arc  more 
l>rone  tliun  wnmeu  to  ri'tnru,  wlicu  a<ivniiCL'<l  in  yeai>,  to  country  <lirt- 
trids  from  whifli  lln-j-  uri^iiiiilty  .-[iraiig;  anil  a^tin,  niuW  itiv  t-on- 
tlitious  obtaininj;  in  crowJfil  t-omnninitics,  nu'U  wear  out  more  rapidly 
llian  wuinin.  In  the  population  iit  lai^-,  mnlon  are  Rioi'e  nnmi'mu.H 
than,  females. 

.\ff'  (li.^ti'ilnnion  has  a  very  iniiwrtant  bearing  on  tlie  dt^ath-rau-, 
nin«\  as  Is  will  known,  thi-  Jiltrlic:'!  (icuili-m !»•!',  :^ii  (itr  »»  age  ij*  min- 
wrnwl,  iK-eur  alwavs  in  the  earlier  age  periodf-.  Theref<)re,  the  pre|Kin- 
dfVduct'  of  indivitlual*  of  otn-  unci  another  age  pcrifxl  liiu"  a  very  {jiviit 
iutluenee  in  demonstrnting  apjiurent  dillercnw*  in  «ilnbrity  of  difl'ei'ent 
Ini^dilie^,  when  the  iieliiid  saniUiry  eondirioni^  are  identieal.  With  hiu-Ii 
agreement  in  smilury  eondilions  a  eomuniuity  which  includi.-.*  u  inucb 
liiryiT  proiiiirtiiiii  of  yunng  ehildren  will  show  a  bii^T  dmth-rale  and 
a  smaller  riiarria;j[e-nite  iJian  auntlicr  in  wliiHi  the  po|iiiliilion  is  inado 
up  more  lartfely  of  young  adults.  In  cttnwequenee,  it  is  neeej^vHan",  in 
in.'^tituting  rum^Hirisi^uK  iR-twoen  two  luculitles,  to  take  into  aotiunt  (and 
make  correetion.i  tberefor)  the  diflerenoes  in  ago  distribution,  and  to 
rciluri-  till'  ri'-]»i'tivi-  |m|inIiition!«  lo  a  eoinmon  .-^tandanl. 

Registrars'  Returns. — iCeturns  concerning  births,  marriage):,  dc-.iths 
and  <5in.'<(^  thei^-of,  imd  funv.*  of  infii-llve  diseu-^t^  an-  made  to  Imnl 
anthurilio,  fiieli  jis  btjairb  of  health,  anil  city  or  town  clerk*  or  regis- 
trars. In  eonjunelion  with  ci-nRns  returns  or  e.-itiniato-s  of  jiopnlation, 
they  reveal  tlie  KiniUiry  and  snciob)gical  conditions  obtaining  from 
wei-k  to  week,  iii'mth  lo  month,  and  year  to  viur,  in  iiiiy  eoinnniiiily 
in  ^vllieh  they  arc  tnailc.  Through  thoni  \vc  are  euableil  to  watch  the 
deatb-fiite  fifim  all  eaiuse^s  and  from  any  one  cause,  the  amount  of  pi'e- 
vcnlahle  iliwu^e,  ll«.'  pri)biiWc  llnrliiiition»  in  poj>nlatiou!i,  iunl  otiier 
facts  of  interest  <x>neerning  eoiniinutiliew  and  groups  thereof.  They 
eonvey  infonniifion  a"  t<i  sanitary  i-onditiou.t,  and  suggt.'st  wherein 
improvement  in  various  dini-tlons  is  possible, 

The  individual  fiti'ts  must,  of  course,  he  aoenrBtoly  obaorx-wl  ntid 
»t«k-<I.  Thi*  is*  particularly  true  of  cau^-s  of  desitb  and  distributitm 
of  infective  disisii^cii.  The  imiJ-irlanee  of  imipcr  givnipingn  is  well 
shown  by  the  wort hle-t- new  of  the  lax  return?  not  iiirrif[uently 
observed.  For  example,  it  is  not  nuusual,  esipeeially  in  the  older 
tabh'.-,  to  find  "dropsy  "  standing  «iile  by  side  with  " heart  disitice," 
"  kiilncy  dijiease."  Bright's  disea^e,  and  other  genend  or  vajjiic  ternis. 

The  value  of  the  ngjrregiiti-  faets  ileiH-ml"  very  largely  n]K>n  the 
length  of  time  during  winch  they  liavc  been  gutbered,  since  only  with 
the  lapw  of  time  can  coin[>arisons  iie  instituted  and  the  influence  of 
Iem|>onirv  eoudition*  eliminate*!  or  jniniinixe'I.  Tbev  nui.st  Ix'  snrti- 
eiently  numerous  to  yield  correct  averages,  for  the  buTjc-r  the  numlxT 
of  I'aetH,  the  smaller  the  tlnetuations  enused  by  iniiividunl  unit^  ;  and, 
conversely,  the  smaller  the  numlier.  the  greater  the  iiiduenee  of  single 
uuitd,  and  the  greater  tJje  ohanee  of  error  ;  or,  mope  definitely  staled, 
iieeurai-y  inercusut  as  the  Miuarc  root  of  the  numlKtr  of  unitjt.     TIuis, 
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400  unit*  will  vicW  Iiiit  lisilf  the  pm.r  of  100.  nm]  WO  wiir  \'\ti\A 
a  tliiixl.  111  im  Muy,  |)frhiiiw,  oiu  the  (tnal  iiiHiicDtv of  indiviiliul 
{lonviiU  uf  u  fiiiall  uKi^xttntv  »nd  tlic  tmiull  inflmtHx-  'if  \hv  unit  wbea 
tlie  agprepate  prci^:r«*ive!y  incivases  W  beMer  illuKtmicd  than  by  the 
tiuiiv  fliiciiiiitioiiK  in  Uic  o'mi|iHmlivo  sliinclitif*  vi'  ii  tiuiiiIxT  of  ^tiUette 
oT^inizfition^,  s\\A\  a^  Itall  cliihti  ami  Wiwling  cluhs,  in  comftHitioiii 
iiiiioiig  tlit'DiMUw.-i  lor  a  \iTViA-  ur  (r)mTii|iioii.->lii|).  In  iIm*  Ex^iuntng, 
Miigk-  <rvvDt»  niuy  cmiM?  entire  rcarraugt'invnt,  and  thi?  fliidtiatiom  arr 
wide  and  lln-  oiirvt-s  most  irn^ular;  thi-n,  ns  llif  iniralior  of  cveuw  ™ 
ijiciv(i>H'.-<,  tlic  DiK-tiiulionN  nrc  k-i^»  ubriipt  and  itie  i-ltan^m  in  tlir  vun'of^ 
arc  (rnidiinl. 

In  order  Unit  stiiti^io  limy  Iw  iiMcfiil,  i\\i!y  mtift  iKlniitnf  oi>mi«ri 
sou  with  ifiniilnr  ligurea  obtAined  in  other  y«ips  and  also  81  other  [ibKes.: 
But  (Htrrcct  dwlnciinns  cnn  Ik'  drawn  <iiily  wh»ii  ilio  mmlitii»i>>  arr  at 
k-ttJ-t  <i|>(mix'nlly  iho  simc  or  when  thpiv  \^  but  one  i?>fcii!liI  (liA'cwDci-. 
One  may  not,  tor  oxam)ili',  <h>hi(>[iiv  thi:-  dralh-ralc  of  New  York  tiir 
tlic  winter  of  I8!t8  with  tliat  of  IKlruit  for  tLc  siinimw  ^y(  Itt75,  and 
expect  to  obtain  thereby  iuforniation  of  value.  In  order  to 
the  fnll  inHnciKK-  of  uny  one  iin|)orIant  condition,  tlte  oth<T  condition.* 
nutlet  be  in  a^rcynivnt,  or  it  niiial  he  possible  to  make  corrert  alloit'aim 
for  any  dc^i-  of  divvrp'nee. 

Ag»iii  om-  must  not  i};iiorc  the  effect  of  tcinporaiy  local  conditioos. 
leb,  for  example,  an  an  aecidt-nt  in  a  8niall  commuuitv  wberrinr  a 
niinibiT  of  pcrMiU!'  arc  killed  at  once  and  otliny  die  later  from  tli^ 
efibcift  of  thi'ir  injnries.  The  lU-iitli-rnte  of  that  town  fiir  (hat  yinr 
woidd  W  abnormally  high,  and  the  sinitan-  condition  of  the  place 
niijHit  'x-  niaik-  by  li^ir(7>  to  apjH-ar  nnx'h  interior  to  ticit  of  un  adjoin- 
ill);  one  where  itickne.'w  and  dcMth  from  preventable  dii^cosee  are  tnucJi 
liiKbiT  nil  till-  time. 

Marriage -rates. — Statii>tte#  an  to  marriage  vaiy  omiH<)crab1y  fruni 
year  to  year,  a<-eordin^  to  various  i-iit-umBtanctsi,  and  es|X'cially  with 
cJiaiifnug  conditions  in  tlic  pru^inrity  of  the  jji-ncnd  |)optibit(oD.  Thr 
nilc  i;-  commonly  greater  in  cities  and  (owns  than  in  countrj*  diiitrirfF, 
not  thai  ciHiniry-bred  people  aiv  \v^  inclined  to  uiurri'.  l>ut  iMvntiw 
large  nundxTS  of  them  are  attracted  to  jKipnloUi^  centers  alWr  arriving 
at  the  wajfe-*-arninif  age,  and  then-  th<-y  marry. 

The  nmrriap'-niic  is  usually  expressed  ns  so  many  per  1,000  of  py(i- 
ulation  ;  but  this  is  commonly  open  to  tdijedioii,  in  that  it  may  convey 
faW  imprvKiioni'  eoneerninj;  inclimilioti  or  disindiniition  lo  ii-->.iiiute  llii- 
iK-w  rc^pon^iibililie^.  an<l  al^i  c^>ne<'min);  the  coniuiuiud  pro-iperitr. 
Here,  the  ini]iortnnc<-  of  the  [Hipuliilion  i-onMiliition  a.-  ti>  n^re  |H-rioiU 
Ami  »ex  is  vcn'  clear,  for  in  a  commnnily  ma>le  up  lur^^'ly  of  old  |«!r- 
iKMU,  yoiit^  children,  and  domei^tie  si-n'anl.-<  from  wilhoiit,  the  number 
of  nuirrinp;*  oectirriiip  anioofr  llw  innrriapciible  element  might  lje  very 
nim-idcnible,  and  yet  the  raie  per  1,000  of  [xijinlation  would  1»  low. 
Therefore,  a  niorr.  in^tnnHive  ineUfxl  of  expre!i»i"n  wixdd  lie  »  "Inle- 
ment  of  the  rale  obtaining  autonK  tlione  of  DKirriagrablc  aj^-.  Ajfain, 
ibe  numlter  per  I,0(M>  of  popnlatioa  dotv  not  admit  of  {km{)er  c»m|«ri- 
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son  of  difTerent  communities  in  this  particular,  unless  their  population 
constitution  is  substantially  the  same. 

Fluctuations  in  marriage-rates  are  tlue  to  other  causes  than  commer- 
cial prosperity  and  depression.  It  has  been  observed,  for  example,  tliat 
a  condition  of  war  diminishes  the  rate  by  withdrawing  from  the  mar- 
riageable ranks  of  wt^e-euruers  large  numbers  of  able-bodied  active 
men.  With  return  of  peace  and  itm  attcn<]ant  release  of  the  troops  to 
civil  life,  tlie  rate  is  augmented.  Thus,  during  1870,  when  France  and 
Germany  were  at  war,  the  marriage-rates  sank  respectively  to  12.1  and 
14.8;  two  years  later  (1872)  they  advanced  to  IE)..')  and  20.7.  Age 
constitution,  t^xi,  has  necessarily  an  important  influence  in  causing' 
fluctuations.  Thus,  in  a  community  largely  made  up  of  youths  and 
maidens,  the  time  comes  when  an  unusual  amount  of  marriageable 
material  becomes  available,  and  the  rate  at  once  advances. 

A  period  of  unusual  increase  in  the  rate,  from  whatever  cause,  is 
commonly  followed  by  a  corresponding  decline,  just  as  business  pros- 
perity and  depression  are  marked  by  regular  waves ;  but  the  general 
trend  is  unmistakably  towanl  a  diminution.  For  nearly  thirty  years, 
a  very  gradual  decline  has  obtained  in  nearly  all  highly  civilized  coun- 
tries. 

That  more  women  marry  than  men,  sounds  paradoxical,  but  it  is, 
nevertheless,  true ;  for  men  are  more  prone  than  women  to  second  and 
third  marriages,  and  statistics  show  that  the  tendency  of  widowers  to 
many  spinsters  is  much  more  marked  than  that  of  iKichelors  to  marry 
widows. 

The  age  at  which  marriage  occurs  has  a  very  important  bearing  on 
the  natural  increase  of  population,  since  whether  a  woman  marries  early 
or  late  in  the  child-bearing  perio<l,  determines,  other  conditions  l>eing 
the  same,  the  extent  of  friiitliilness  and,  more  particiilarly,  the  interval 
between  successive  genrmtions.  Statistics  indicate  that,  among  the 
native-born  of  this  country,  particularly  in  those  parts  longest  settled, 
and  in  Great  Britain  and  other  countries  in  which  the  highest  dt^ree 
of  civilization  has  been  retiched,  the  avenigc  age  at  marriage  is  steadily 
increasing.  This  has  been  attributed  to  an  intelligent  selfishness, 
tending  to  defer  the  assumption  of  rt',s|Hmsibility  for  the  maintenance 
of  others,  thus  insuring  an  unrcstricte<l  enjoyment  of  the  fniits  t>f  lal>i>r ; 
and  to  the  wider  op]x)rtunitie8  for  profitable  employment  of  women, 
with  consequent  lessened  dejjcndence  upon  marriage  as  a  means  of 
support. 

Birth-rates. — Statistics  as  to  births  are  expressed  in  the  ssimo  manner 
as  those  concerning  marriage  ;  namely,  an  so  many  per  1000  of  popu- 
lation. This  ratio  is  known  as  the  vrude  birth-rate,  and  conveys  no 
information  concerning  the  proportion  of  women  of  the  child-1  Nil  ring 
age  who  have  added  to  the  population.  Here,  again,  a  more  accurate 
and  instructive  method  of  expressif)n  might  be  based  ui>on  a  comparison 
of  the  number  of  legitimate  births  with  tiic  number  of  married  women 
below  forty-five  years  of  age,  and  of  the  number  of  illegitimate  births 
with  the  number  of  single  women  of  the  same  limit  of  age.     Under 
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any  K>-8U.-m,  still-birt)i»  iirv  not  iiiclii<U-<l  in  citlicr  i)m'  hirilu  or  flcsth^H 
allhougl]  they  arc  eertilied,  H 

Bin)i-niU^  iiuliinilly  vary  wry  grcally  in  ditft-ruit  rnniiiitiuiticf,  tbeV 
huine  us  luarriaK'^nitcs,  ami  for  the  simc  rniMDUs.     Ortlinarily,  thry 
arc  lii)chcr  in  (lilies  tbaii  in  the  ctmntn',  and  ilurinf;  aiul  ininHtlkicly^ 
iViiliiwing  pcriiM)*  of  pni^iK-rity  llinn  diiriii};  tiint-*  of  ak'itnf^ioti.     AH 
Iiiglier  ratL-  ifi  to  be  e-xj»ec-ted  of  a  maniifai'turinjt  and  (i>mm<Ti-iitl  t-^nur 
liiiiii  iif  II  [iniyly  iviilcritiiil  town,  wlit-n-  n  hiyy  niinil>vr  nf  unniHmVI 
domestics,  employwl  by  tbe  well-lY)-do  and  rich,  swell   ibe  pojMiIation 
and  UtWfV  rbc  muv  of  IhhIi  nmrm^i'.->  iiml  birtii.t  in  tin-  tiiuuitrr  alnwly 
montluncd.     In  tbe  lutter  »■»(',  tlic  ninrricd  inbabitanln  may  l>e  iiiuifii- 
ally  inviiiRc,  and  the  binb-nitc,  fxjii'c,-«iiil  jur  11100  i.f  marri»"<I  woomi 
bi-low  flirty -live,  wmld  be  very  bigb ;  yt-t,  llie  cnide  birtb-raie  »-oaU 
be  lovr.    So,  in  (^miparing  two  tonirniinitifs  in  rctiiHtrt  to  births, uccuRw^i 
donuitids  tbiil  lbe^'  »biil1  \k-  reduced  (••  a  common  bai^is. 

The  lii^er  birtli-rate  in  eitiea  and  larp-  towns  is  due  to  th^  gnatffj 
|in>|Hirlifin  of  winicii   <it'  clii Id-lie;] rin^  age,  the  bijilier  ninniajri>nil« 
and  thi>  nu'lit^i'    marriage  age  lliat  there  obtain  among   peopk-  of  ih 
lowi-r  (.'liwse.*. 

Since  the  proimrtion  of  deaths  in  tbe  earlie(>t  rears  of  childbond  H 
very  high,  it  follous  that  n  bi^b  liirili-mti!  i*  alwax'^  avocintfil  n-itb 
bipb  dc.ilb-nite  ;  but  at  the  >jmie  time,  a  high  birth-rate  implies  a  larga] 
pr<j|H>rtii>n  of  niarritnl  j>er.-iins  in  tht-  full  vigor  of  lilV  at  (but  iige  [n-ri(«ll 
wliich  i.*  iiA^iciated  with  a  low  rate  of  mortality,  and  thus  the  inllneiicf  ] 
on  the  <li'Jitli-mk-  i:"  mon-  or  less  cornrtcd.     A  oontinncd  bipti  binb> 
rate  neccw^rily  implies  a    liirge   pn>pijrlion  of  growing   children  wbw, 
year  by  year,  swell  tln'  ninks  of  tlie  ii'|iriMluctivi*. 

A  low  birth-rate,  by  causing  a  relative  increase  iu  tlie  proportion  of 
persona  of  the  age  periods  (^  low  mortality,  may  bring  ab«>nt  a  ]»v 
d<^utli-ratc;  but  if  it  continues  long  enough  to  bring  the  population 
a  high  average  age,  it  will   !»■  siicwe<!i>d  by  a   rajiid   increase  in  tfc 
dciitb-niti-  due  to  di«l.Kl^^.•»  of  advancing  year'. 

The  birth-rate^  of  many  eonntries,  like  the  marriage-nates,  bave 
»ome  y(«r8  shown  n  steady  declini-.     Tbij*  is  due  xiim-what  lo  thr 
creasing  average  ago  at  marriage,  which  reduces  the  |)eriod  of 
dnclion,  but   largely  to  artificial    rei'trictionn   and  tvononiir   ooiiMde 
tions.      Tlie  great  decline   in    ihe   binh-rate  of  Franre   has   attract** 
widt^piYiid  attciitton,  and  has  Ix-cucno  tlie  subject  of  gra^'e  comv-m  ta^ 
the  authorities  and  other  iliinking  ]K!OpIe  of  that  oountrj'.     A  hundml 
years  ap^i,  more  than  a  ipwrlerof  (he  population  ofwbat  are  known  as  tliej 
(irwit    Powers  was  French  ;  to-<Liy,  notwithNtandiiig  tin-  marked  iliMii- 
vliuation  of  titat  people  to  emigrate  and  scfk  new  home«,  the  pmjxrt 
tion    lias    fidleu    to   alxint   oiK--i-igbth.      In    1891,  aex-ordiiig  lo  reositt^ 
returns,  of  every  hundred  families,  22  hail  htit  2  children,  and  24,  but 
I   ehild,  njiiitx-.     TIh'  <lccline  in  births  i>  not  due  to  |M>verty,  for  !■  i^^ 
among  (be  poorest  tliere.  as  elsewhere,  (bat  the  lai^i'sl  famili^'s  are  ni)sc<L^| 
The  same  inlturmys  np|N-:tr  to  have  Uvn  in  ojM-ialion  for  some  year-  in 
Jb)nglund  and  Walts,  where,  since  1876,  when  the  birlh-mie  n-itu  3&^^| 
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it  fell  progressively  in  twenty  years  to  29.7,  and  showed  in  the  last 
years  of  the  century  a  more  striking  decrease  thaa  in  any  oth«r  country 
of  Europe. 

In  our  own  countrj',  among  the  descendants  of  the  original  colonists 
and  earlier  immigrants,  the  same  decline  is  most  evident.  Whereas  in 
colonial  times  and  in  the  earlier  years  of  national  independence,  fami- 
lies of  a  dozen,  fifteen,  and  more  were  exceedingly  common ;  nowa- 
day!*, one  of  aix  or  eight  becomes  a  subject  for  comment,  surprise,  and 
even  ridicule.  The  large  families  of  to-day  are  mainly  those  of  tlie 
more  recently  arrive<l  immigrants  and  of  their  first  generation.  In  Mas- 
sachusetts, the  statistics  for  189S  show  that  the  greatest  proportion  of 
the  number  of  births  belongs  to  the  foreign-lwm,  the  children  of 
native  parentage  on  lx>tli  sides  representing  32.36,  those  of  mixed 
parentJige,  19.42,  and  those  of  foreign-born  parentage,  48.22  per  cent, 
of  the  total  births.     The  crude  birth-rate  was  27,37. 

Death-rates. — Death-rates  are  calculate  in  the  same  way  and  ex- 
pressed in  the  same  terms  as  birth-  and  marriage-rates,  that  is,  by  mul- 
tiplying the  number  reported  by  1000  and  dividing  the  j>roduct  by 
the  population,  or  by  dividing  the  reported  number  hy  the  number  of 
thousands  of  population,  the  result  in  either  case  being  the  rate  ])er 
1000  of  population.  This  is  known  as  tlie  general,  gross,  or  crude 
death-rate,  and  is  affected  by  so  many  factors  that,  without  careful 
study  and  due  allowance  for  disturbing  influences,  it  may  prove  to  l>e 
a  very  faulty  index  of  the  health  of  the  [leople  and  of  the  sanitary  con- 
dition of  the  place.  When  used  as  a  basis  for  comparison  of  different 
places,  the  death-rates  must  first  be  corrected  by  making  careful 
allowances  for  differences  in  age,  sex,  and  race  distribution,  and  for 
abnormal  influences. 

Influence  of  Sex, — Sex  exerts  a  decided  influence,  since,  in  general, 
females  live  longer  than  males  and  their  mortality  is  lower  at  all  age 
periods,  excepting  from  the  tenth  to  the  twentieth  year.  So,  of  two 
places  equal  in  sanitary  and  all  other  conditions  excepting  sex  c()nsti- 
tution,  the  one  with  the  greater  proportion  of  females  will  have  the 
tower  death-rate.  Except  in  newly  settled  places,  there  is,  as  a  rule, 
a  prejwnderance  of  females  over  males,  although  everywhere  the  births 
of  males  exceed  in  number  those  of  females,  the  prei>onderance  l>t'ing 
the  resnlt  of  the  higher  mortality  that  obtains  among  males,  except  at 
the  age  periods  above  mentioned. 

Inflnence  of  Age. — The  influence  of  age  distribution  is  far  greater 
than  that  of  sex,  since,  for  example,  the  mortality  \tQT  1000  of  chil- 
dren under  H  years  of  age  is  more  than  ten  times  that  of  irtsoiis 
between  o  and  2o,  and  more  than  six  times  that  of  adults  iK'tweeii  2i> 
and  4.5.  Thus  it  may  be  seen  that  the  greater  the  pn)|M)rtion  of  popu- 
lation belonging  to  the  earliest  and  latest  ]x;rio<ls  of  life,  the  liigher 
will  be  the  death-rate.  One  would  exjiect,  for  example,  a  higher 
mortality  in  a  community  made  up  lai^ely  of  elderly  jieople  or  yoimg 
children  than  in  one  unusually  rich  in  young  aduhs,  or,  to  reduce  the 
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mnlUT  to  it*  siniplciH  tenrw,  in  a  rmitKlling  a-<yliini  or  retrcftt  for  tW 
a^l  ttiaii  in  a  (■i>llpge  for  ynung  incD. 

Influence  of  Race. — Tn  :i  iiTtiiiti  cxlont,  moiiil  iMH?ii1iiirilic«  have  an 
influcDoe  on  vitality,  nnd  <>»|K'c-iHlly  un  viiMx-ptibilily  lo  ccrtuiD  <tUe3«e». 
Thiis,  the  ii(^;n>  is  tar  I<«h  prone  to  sonit  aud  tar  more  suset-piible  Iw 
other  Diorbid  infliitiKf!'  tluiii  tin-  white.  Ai*  Wtwccn  diftcrent  [Rfiplci 
of  tlie  aame  raw,  thi>  difftrenccs  are  not  so  witle.  In  those  parL^  >i{ 
ihi^  (HHiiilrv  where  ihe  lutri'"  |><>]iulHtiiiii  i.i  (■■•iir'iili.Tnhlo  or  pivpondiT- 
ant,  this  inlliieoop  can  never  Iw  di9re^'nixle<l,  and.  indeed,  it  ii)  com- 
monly tht;  prai-tiof  U>  oalcnLiie  >c|i»r]il<-  nit«-F>  for  lliv  wititta  iiiul  li>r 
tile  blacks.  According  to  Hoffman,'  the  mortality  of  whites  and 
blaeks  in  ten  ?tontIieni  citie--,  including  Baltimon-,  WiL-hingtoii,  Rich- 
mond, Memphis,  [youiisvillc,  Atliirita,  Savannah,  <_1iarIe^toD,  Mt^ile, 
and  New  Orleanii,  (lurinjf  the  yeai^  l>*!t(»— !t4,  was  ftxprftiw-d  a>  '2ii.\ 
aiul  :{^.ii.  re»|KftivcIy.  Thi*  divergcnw,  it  ']»  |Kiiut«d  wit,  would  be 
still  KTeiiter,  if  correction  were  made  for  age  distribntioti. 

Tho  cxecjw  of  n(^jro  inortutity  obtnininf;  iit  nil  ape  ]>crii>d*  is  Cifl^- 
cially  notict^^iblc  in  the  earlier  one^.  Thori,  in  ISilH,  in  WashiDgton 
and  Kultiinorc,  the  dcnth-nitcn  i>f  ni.'};rii  childivii  nndvr  ■'>  nnd  iK'twct^n 
5  and  16  years  of  ajie  were  more  than  double  tlio^  of  white  children 
of  the  Mime,  age  periods ;  in  the  agf  iM-riod;-  from  the  tiAi-ciilli  lo  Ilie 
forty-finh  year,  the  rate-  for  Ixrth  i-.iti'^  natnrtdly  iliminiiib  very  mneli, 
but  tlie  ratio  in  nearly  ilie  r^me.  Alter  the  I'orty-tifih  year,  the  dif- 
IcFLiiec  begins  to  be  iniieh  loivf,  but  Uie  t-xcoM  m  nlvntys  wttli  tlw 
nt^ro. 

Af  in»tunoc»  of  ihc  dilTercixx':*  in  white  aud  blnck  ilcath-ratcs,  the 
following  are  presented: 


S»w  Urlnitu 


Rnhimot* 


(  Dn^i3iil»r, 
''  Jiiuinry, 
Miir.-h, 
Novi'iiiUr, 
iJwviiilwr, 
Jaiiiinty. 


1H9W.  White,  2S.4fl:  Co\cat4.  28.3» 


llHHt, 
HMXI. 
ISW, 

I'jno. 


Wholr  v«ir,  IJWO, 

Ailuiu W\ti,\v  \-mr,  IWW, 

AiiKiiinn.  (in.   ...  "        "       18S9, 

f  .'i  nlo.  eiul!ii)c  Jan.  6.  1900. 
ChnHoflon    \  i     -       ■'      F.-K    3.  Mm. 

I  2    "       "     I'cb.  a*,  1»00, 


■J150: 
l3.^^: 

l.-|.l)0; 

I7.P0: 

11.U: 
10.50: 
lh.70; 
13.no : 
I9.8I ; 


M«0 

3(xeo 

3a4£ 
31.00 

2:.fio 

3!f.91 


'Ilie  iliffcreiiee  between  white  and  black  roorlality  is  believed  (n  la- 
due  mon?  largely  to  mw  defrcncration  tliiin  to  tainilurj-  coiMlitious.  la 
the  North,  the  nt^m  ■■bows  an  c-tccjis  of  <letitlis  over  births,  and  hnlik 
bi'>  own  only  by  inlbix  of  rtvnilt.'t  fi-oiii  ibi-  Smth. 

Aeconling  to  Dr.  8eale  Karri*,-  Iielbre  the  Civil  War  il»e  n«^> 
death-nitc  iii  the  Sonth  svaa  leas  than  that  of  tlie  whiter.  For  oxnni> 
pic,  in  Charleston,  S.  C,  from   1822  to  the  Ix^nning  of  tlie  war  tlie 

'  RncD  Trail*  >nd  Tcndcni^in  of  ibc  .\moriiiin  Ni-xtn.  Piit<licBtioiUi  at  lb«  Anur- 
knn  Etviiiniulr  .VM^'ixlliin,  New  Vork,  ISSHi. 

'  Tlir  l'\iMn  ot  till!  Negnj  fruin  Uie  i^Unilpoint  of  ihe  Soutbem  VhyAema,  Aiae*- 
lata  Hctiidae,  Scjit.  7, 1901. 
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average  death-rate  of  the  whites  was  25.08,  and  of  the  blacks  24.05; 
hut  from  I860  to  1894,  although  the  rate  wa.s  hut  slightly  higher  iu 
the  case  of  the  whites  ('26.77),  it  had  nearly  doubled  (43.29)  with  the 
blacky. 

From  what  has  been  said,  it  must  be  evident  that  crude  death-rates 
canoiit  be  relied  upon  as  a  basis  of  mortality  comparison  of  two  places, 
unless  the  respective  populations  are  in  substantial  agreement  in  age, 
race,  and  sex  constitution,  nor  for  comparison  of  the  conditions  obtain- 
ing at  the  same  place  in  different  years,  unless  these  factors  are  prac- 
tically unchanged, 

Otlier  Inflaences. — Crude  death-rates  are  influenced  by  errors  in 
estimated  population,  by  the  presence  of  various  kinds  of  public  insti- 
tutions, such  as  hospitals,  stat^;  almshouses,  and  atsylums  for  foundlings 
and  the  aged  ;  by  migratory  movements  ;  by  <lensity  of  population,  and, 
as  has  been  stated,  by  the  birth-rate.  An  important  source  of  error  lies 
in  the  return  of  jwrsons  afflicted  with  incurable  diseases  to  their  old 
homes,  where  they  die ;  their  deaths  are  registered  there,  instead  of  at 
tlie  places  where  the  causes  thereof  ha<l  their  origin  or  where  the  sani- 
tary conditions  were  such  as  to  favor  susceptibility. 

Influence  of  Densitr. — Death-rates,  es|>ecially  those  of  the  very 
young,  are  much  higher  in  crowded  localities  than  where  the  population 
has  plenty  of  room  ;  and  it  is  commonly  accepted  that,  other  things  Inting 
equal,  increased  density  means  incntased  mortality.  To  a  c^rttun 
extent  this  is  undoubtedly  true,  particularly  where  increaseil  density 
mean^i  overcrowding ;  but  it  is  not  neces-sarily  true  of  a  large  population 
spreaii  out  o\'er  a  territory  cajwiblc  of  act^ommoilatiug  twice  iis  many 
people  very  comfortably,  Tluis,  in  Massachusetts,  for  example,  where, 
in  185.J,  the  poindatioit  averaged  136  to  the  s«|uaro  mile,  the  general 
death-rate  was  about  tJie  sjime  as  obtained  fnrty  years  later,  when  the 
average  jmpulation  pt-r  square  mile  had  more  than  doubled,  the  slight 
diflerence  l)eiug  in  iiivor  of  the  later  jicriod,  During  the  decennium 
just  prior  to  the  outbreak  of  the  Civil  War,  the  average  rate  was  18,'2.i ; 
during  the  period  1887—1897,  it  was  about  19. .')0  ;  and  iu  1898,  it  was 
but  17.5.5,  which  was  the  lowest  annual  rate  for  thirty-two  yciirs. 

In  densely  populated,  ofercrowih-<f  hxalities,  such  as  the  shims  of  large 
cities,  we  find  all  the  conditions  which  favor  a  hifili  mortjilily  ;  namely, 
poverty,  immorality,  ignonmee,  intemj>erance,  uu.'^mitar}'  hal>itari<nis, 
high  birlh-rate,  carelessness,  filth,  and  improi>er  and  insnfticient  ihinl. 
In  tact,  the  slums  are,  in  ver\'  great  nieasun",  the  cause  of  tiii'  differences 
observed  in  the  death-rates  of  small  and  large  comnuinifics.  In 
countn,'  districts,  small  towns,  large  towns,  an<l  cities  situated  within 
the  same  district,  where  climatic  and  other  natural  ci^iditiinisare  essen- 
tially the  same,  it  is  commotilv  observed  that  the  higher  average?  rates 
obtain  in  the  larger  communities,  and  the  lower  in  the  smaller  places, 
where  slums  are  unknown  ;  while  the  verj-  highest  occur  in  maiuifaet- 
uring  centers,  where  the  main  ]Mi])ulutii)n  consists  of  mill  o])eratives, 
who  work  by  day  under  unwmitary  conditions  and  ])ass  their  nights  in 
crowded  tenements.     So,  also,  higher  rates  obtain  iu  old  man ufaetii ring 
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pliicp-s,  in   which  a  lar^r  proponion  of  |iopu1ation  nf  a  weak  ami 
d^gt-tieratetl  type  ik  to  Ik'  found,  than  in  othent  uori!  recently  csuAf 

Weekly  Death-nttes,  etc. — Tht-  <l«itli-niU'  for  any  psirtitiil-ir  wrck  f 
ohtaimrl  Ijy  miiltijilying  the  numlwr  of  dcathif  rn^-umug  duriuK  ibal 
(H-riod  l)V  -'tS.  14  (ihc  iiiitnlHT  of  wti-ki'  in  365  diiy«)  rih!  dividing;  tV 
protluct  by  the  Dumber  of  tlioiiKiuds  of  pupuhition  as  (vtiniAled  for  the 
middle  of  tin-  ymr.'  The  kuiw'  invtluxl  nf  rtckonliif^  imiy  Ik-  Miip!irt-nJ 
for  ilcterrnining  the  rites  for  other  fiiictioiis  of  a  year,  and  for  rates  of 
birth,  mrtn-iugt\  zii'motic  disitiw,  and  nlhci-  niaiii.-rp'  of  ^(iiiiK|i<id  iiit<T- 
WL  Theiac  weekly  and  other  penoilieul  rates  are  highly  anreliable 
data  uiKin  ivhii'h  to  haw  com|iariBiins  witli  tli(iw>  of  otIht  ]dn(^e>aiM)  of 
other  jwirt.-"  of  ji  ywir,  sitnv  fiswonal  influenees  and  teni[n>rar;'  condi- 
tioiife  inurt  not  lie  ignored  ;  iheir  jirim'i|i;il  viiliu-  L-  in  o<im|ciriii)r  ihi' 
mrcK  ohtuiniiig  at  (hi-  i>unie  pinc-o  at  corrc^pondtug  periods  of  difTercnt 
yeai-s. 

In  the  ■tiimc  way,  the  wwUiy  duith-ralo  from  anypvcn  ouiM-. or  Ihf 
weekly  number  of  «i«^*i  of  anv  |iai'l!cu)ar  noiifiabU-  di^^ea^c,  fiwch  a* 
diphtheria,  wutrlet  fever,  nv  «uiij<le-'',  miiv  Iw  dcterniin<il. 

Zymotic  Death-rat«. — Tlie  P.-niotic  death-rate  is  the  deatli-tate  dne 
to  the  iwven  priiioi|uil  iiOM»1k'<l  xvniotic!  dii^eaHefi;  nam(>ly,  smallpox^' 
eeiirlct  fever,  meai^k-!-,  diphtlieriu.  whoop! np-cou^jh,  ty^iboid  fe^'cr.  aw) 
iiiiirrhieal  dirttauMW.  It  is  expressix]  in  tt-.rm^  per  UMXl  of  pojiulntion, 
like  the  ^ross  <]ciith-nitr.  The  ratv  for  any  dtsvoM^  nny  be  nimibrly 
obtAinixl  and  exprcswd. 

In&ntUe  I>eath-rat«. — The  infantile  mortidity  is  not  cxprrBecd  in 
terms  [kt  IOOO  of  the  whole  |)o]inlation,  bnt  as  tlje  nu»jl»er  of  deatlu 
of  ehildi-en  under  one  year  of  ap-  to  wieh  1000  liirlhs  n^iMorwl  dnring 
the  ywir.  It  i-  a.-?innied  that  the  etiiux  of  living  ehildren  ivhoM-  birth.' 
have  been  reKistert'il  with  the  knad  unthoritiu-'  w  countcrbulauct'U  by  ihe 
influx  of  otiiero  whose  births  are  re^stered  olM^where. 

Infantih-  mortality  ix  alwftvn  high,  owing  to  a  varie^  of  cauM*, 
it  ii)  pnrtieularly  high  in  i^Ium^  ami  in  inaiuifaeturin;r  towns  wl 
woiiK-ii  are  largi'ly  emplnyt-d  in  Ihetoriw,  and  so  are  unable,  even  tliixijcb 
HI  inclined,  to  give  that  pt^rsonul  attcnlitui  to  tlivir  oir^pring  a»  ii 
bestowed  by  RiotJ>ers  who?™?  Uvea  are  purely  domestic.  In  JI*? 
chttKettis.  for  example,  tho  infantile  d<iith-rnle  nvenigi-d,  in  tin*  dcauie 
IXfil-lSnO,  174.9  in  the  oitie*  and  I2!t.o  in  the  countri',  hihI  tU 
extremes  for  the  otlif-s  were  2-1i>.7,  at  Kail  Itiver,  prW-mim-nily  a  "  mill 
town,"  with  all  that  tbe  term  impltn',  and  Ill.il  at  Newtttn,  wbrrr 
maniifiu-tiu-iug  U  at  a  minimum  and  overvrowdirtg  practically  onkuowo. 
LowpII  atul  Ijawrenee,  aIiio"mill  town*,"  ^h■oT^1^  n-Kinflivcly  222-^ 
and  213.!i,  while  ftoniou,  commereial,  roauufaetnring,  and  resideDlial, 
tihowt*)  188.2. 

'  )fniiT  ■miutirinn*  tnijilov  llwi  tnetnr  C3.liT't~.  ilif  nnmbtr  of  *«<<Id>  in  thr  kiUf' 
viir  I'f  IVt-'i  i\nrt, .,  boun,  iS  niinuiDi,  aiul  M  ■eoonda.  'thin  eiBmcniiioB  o(  exncfiMM 
III  siualJ  liiiogi  *cniii  all  lb<^  more  nbninl  >hen  irc  cniiidcr  tlul  tbc  cMiii»tkci  of  poptt- 
Intiiin  Bl  llic  miilclli-  r4  ibi-  jmr  U  iiolbluK  iuor  lb*n  s  btrl/  rMaonahl*  |W«.  ukI 
oftto  |iroTvs  lo  tv  widi-  of  lliv  Irulh. 
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In  the  three  cities  with  the  highest  rates,  Fall  River,  Lowell,  and 
Lawrence,  the  populntioii  is  largely  French-Canadian  operatives  of 
cotton  and  woollen  mills,  housed  in  crowded  tenements.  The  so-called 
"  shoe  towns,"  Haverhill,  Marlboro,  Brockton,  and  Lynn,  have  a  very 
different  kind  of  population,  much  better  paid  aud  not  inclined  to  a 
tenement- house  lite,  and  show  respectively  157,1,  154,6,  146.9,  and 
140.7,  all  of  which  rates  are  below  that  of  the  State  at  large,  ltjo.4.' 
Similarly,  in  England  and  Wales,  where  in  1894  the  rate  was  137,  and 
in  1896,  147.5,  Preston,  which  can  claim  one  of  the  blackest  records 
in  all  respects  among  mill  towns,  showed,  in  the  former  year,  229,  and 
in  the  latter,  262,  while  in  London  the  rate  was  but  159. 

The  chief  fiictors  in  the  causation  of  high  infant  mortality  are 
premature  births,  heredity,  intemperance,  early  marriages,  neglect, 
carelessness,  ignorance,  improper  food,  unsanitary  surroundings,  indus- 
trial conditions,  illegitimacy,  and,  jwrhaps,  infant  life  insurance.  The 
immediate  causes  are  chiefly  inanition,  diarrhteal  diseases,  measles, 
whooping-cough,  and  other  infective  diseases,  and  violence.  The  influ- 
ence of  prtrmatHre  birth,  heredity,  neglect,  carelessness,  ignorance,  aud 
unsanitary  surroundings  needs  no  elucidation.  Industrial  conditious 
figure  largely  in  the  neglect  of  infant.s,  since  mothers  in  employmeut 
return  as  soon  as  possible  after  couflnemcnt  to  their  work,  and  entrust 
their  offspring  to  the  care  of  older  children  and  others,  by  whom  they 
are  improperly  fed  and  looked  after.  During  pregnancy,  also,  the 
woman  remains  at  work  up  to  the  last  jtosniblc  moment,  so  that  her 
absence  is  limited  to  tliat  period  during  which  she  is  absolutely  in- 
capacitated. 

The  age  of  the  parents  has  much  influence  on  the  vitality  of  infants, 
those  of  mothers  under  20  dying  off  appreciably  faster  than  those  of 
others  between  20  and  30.  Between  30  and  35,  the  vitality  of  the 
offspring  is  still  greater ;  but  after  tiiis  age  period  it  bt^ins  to  decline. 
The  first  children  of  verj-  young  fathers  also  are,  as  a  general  rule, 
weaker  than  those  l)egottcn  later.  To  this  influence  of  the  jwrents' 
age,  conjoined  with  that  of  ignorance  and  ine.\}M!rieuee,  may  be 
attributed  the  excessive  mortality  which  obtains  among  the  first-born. 

Illegitimacy  has  a  \ery  great  influcuco  on  the  chance  of  survival  to 
even  the  early  jieriod  of  childhood,  for  the  infant  is  in  an  uiifavorahle 
position  as  regards  ciire  antl  home  surroundings  from  tlic  begiiininfi. 
Abandoned  by  the  mother  to  the  care  of  whomsoever  may  be  \villiug  to 
accept  the  charge,  or  "  farmed  out "  among  jicrsous  whose  interest  in 
its  welfare  is  wholly  financial  and  subject  to  inunediate  decline  on  the 
cessation  or  tanliness  of  payments,  it  has  even  less  cliiincc,  perhajw, 
than  when  kept  at  h<ime,  an  unwelcome  addition  both  to  the  family 
circle  and  to  the  exiiense  account. 

Infant  insimnice  is  generally  believed  to  be  an  influence  in  diminish- 
ing the  amount  nf  care  and  solicitude  for  the  health  of  the  very  y()ung, 

'  These  figiirw  are  taken  from  n  cnnmiiinicntion  from  Dr.  S.  \V.  .Vblxill,  Swnrlnrv  of 
the  Slate  BiMrd  nf  Ilentth  of  Mnw:iohii)«l<A,  on  "  Infnnl  Monnliiy  it]  Mnswirhi >'<('< is." 
Journal  of  the  Massachusetts  Awuieiiiliou  of  Ilonrdi  of  Health,  December,  18!>S,  p.  134. 
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and,  therefore,  has  been  tlic  subject  of  considerable  lc^:i£latioii,  hr 
whit-h  xhe.  maximum  amouni  of  the  |iolicv  i.i  Jti-jrt  tit  »  low  ftgim^  as, 
fur  iii^taiiei-.  the  acliml  cx[h.'ii»u  vf  buniil.  Wlictbcr  insuraucv  )ias  mm 
than  nu  innigniKcnot  beuring,  cannot  be  determined  by  trustworthy 

Beyond  doubt,  the  most  fruitful  single  cause  of  high  infant  monali^ 
i.-*  iniprojtcT  fccilinj!:,  due  j«irily  I"  llie  iKtctKily  of  Mi|ijilyiti^  iin  arti- 
ticiui  substitute  fur  brui^t  milk  :uid  ]>iirtly  to  i^orance.  The  breast- 
fed infant,  ciirt'loHHly  looked  at^er,  lum  a  tkr  Ix-ller  rhuiKV  ihan  tin- 
birtlk-leil  more  Kirefiilly  (eiiditl.  The  former  re<;ejvet  its  natural  fowl 
at  a  uniform  teniiK'ratui-o  and  praetieally  eiterile ;  ibi?  liitler  U  IVil  ujmid 
nnotlji-r  kind  of  milk.  ilitlVn/ntly  eom^tiliitt^^l  and  of  a  difTcrent  dt^rrct 
of  digeiitibility,  whieh,  under  the  l>e>t  of  cireumsianc*.'*,  is  cinu- 
l^anilively  rii'b  in  unliniiry  liticU-riii,  and  i*  admini^torts)  at  ditfen-nt 
teniinratureti,  si>metimef^  very  hot,  -onii-limew  eold.  With  laek  of  carp, 
lh(<  iLiuger  in  iuereiiMil,  for  tin-  milk  njiiy  Ite  Mule  and  dirty,  mid  act  at 
the  vehicle  for  the  excitini;  cause  uf  cholera  Infantum,  which  is  respon- 
sible to  :i  ^-eater  extent  than  any  other  inorl>i<l  eondlcioii  for  the  dralh^ 
in  mill  townn  of  infunl"  whose  mothers  arc  employed  in  the  ^-a^ion& 
industries.  Besides  dirty  and  stale  cow.-'  milk,  a  variety  of  eerwil  ami 
^n(!nr  -nlislitnl^-H  are  pmvideil.  wlikh  nmy  or  may  not  be  digi*tible 
ami  nutritious. 

]){noriuici'  of  whiit  tr<  profK'r  for  introihiiiion  into  nn  inliinl'ii  t^i>inncb 
IS  resjKinslble  for  much  infantile  moriality,  even  wltcn  breairt-feedini; 
i«  fullowwl.  Who  liiiii  not  mvu  fonil,  but  ipionint,  motlK-n,  in  ptiblu; 
wnvevjnu-)'.-,  kivping  iheir  Infants  quiet  with  bananas,  h;-»-*1  iskes 
cookies,  and  other  foml  miiteriiils  unMiiti'<l  to  n  dijrextive  syMt-m  whit'h 
«in  have  diftieully  enough  with  milk  alone?  It  seems  unlikely  that 
»ueh  pnietii'ci*  are  r<MririiHl  to  ihe  time  .-|K*nt  in  travel,  when  consid- 
eration for  the  comfort  of  tttivngeni  euggei»t«  tlie  avoidance  of  flatting 
und  cryinp. 

Death-ntes  of  cUldren  under  five  years  of  agt^  arc  cx]iTt^»»i-d  Id  th? 
Niiuf  term.'*  a.-  Infanlilo  niortidity,  that  i^  to  say,  as  the  propt>rt)oii  of 
deaths  per  1000  children  of  that  ape  jKTiod. 

High  and  Low  Death-rates, — In  ihc  absence  of  any  unusind  general 
Unsanitan'  cundilion  or  of  iioitsual  jnwaleniv  of  ejiideuije  tli-a^m-.-^  iin 
abrupt  rise  in,  or  a  very  high,  <k>:ith-rate  is  not  infn-tjnently  only 
np|urent.  being  IkiwhI  u)Hin  an  nnderc-tiinatt^  [topulalion.  A  ver)'  low 
dealh-rate  is  always  o)>en  to  suspicion,  although  somctimris  u"  in  iii-wlr 
.-t'llhil  comtnnnities  with  n  very  hijrh  pnijionion  of  young  male  ailult.s 
fur  a  llmitetl  term  of  years,  Jt  I-  j>erf<-ctlv  [M.-.-.ible  «nd  natnml.  A  nite 
of  15  |«?r  1000,  for  example,  in  large  eities,  is  so  low  as  to  suggest 
tlmt  the  ptiptilatiou  iia*  betii  vciy  much  nven-»ti mated.  AN'ithio 
recent  years,  the  authorities  of  a  rapidly  growing  Western  city  notLtl 
with  gri'^il  pride  the  gigiintie  ntrldi^  iu  the  eMiniated  |i<^>pnIalioii.  awl 
were  naturally  nnich  chitttl  to  find  that  the  tlc;itli-rtile  Imim-iI  (hereon 
entitlnl  the  citj'  to  a  position  in  the  first  rank  of  the  cities,  laiye  ami 
smU],  of  tlR*  wliole  world.     The  ceiisn*  uf  I  t'OO  di^pcUetl  tlic  illtuion. 
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for  the  population  had  been  grossly  exaggerated,  and  the  actual  death- 
rate  was  comparatively  high. 

Death-rates  as  low  as  10  and  12  are  somctimei^  noted.  A  continued 
rate  uf  10  !n  a  stationary  population  would  mean  that  the  inhabitants 
would  average  100  years  of  age  at  death  ;  one  of  12  would  mean  an 
Average  age  of  over  83  ;  one  of  15  would  mean  an  average  of  nearly  37. 

As  examples  of  high  and  low  death-rates,  the  following  for  the  same 
<[uarter  of  the  same  year  (1897)  may  be  cited : 


Blsli. 

Dublin 39.9 

MoHfow 36.9 

BuchareHt 33.2 


Low. 
Frankfort  on  the  Main  .   .    .  15.6 

The  Haftue 16,2 

Berlin 17.0 


Belfast 31.3  |  Clirisiiunin 17.7 

Sl  Petersburg 31.0  |  Amsterdam 17.8 

The  influence  of  improved  sanitation  in  the  lowering  of  the  mortality 
of  any  given  place  cannot  be  disputed,  but  in  attributing  the  whole  or 
«ven  the  graiter  part  of  the  difference  in  the  rates  of  any  two  places  or 
of  the  same  place  in  different  years,  one  should  be  careful  not  to  ignore 
factors,  already  mentionc«I,  that  exert  influences  beyond  the  control  of 
sanitary  authorities.  Permanent  decline  in  mortality-rate  in  a  matter 
of  slow  growth,  and  is  the  combined  result  of  sanitary  effort  and  miti- 
gation of  the  occupational  and  social  conditions  tending  to  lower  vital- 
itj'.  In  Elizabethan  times,  the  death-rate  of  Ijondon  was  about  40 ; 
at  the  beginning  of  the  reign  of  Victoria,  it  was  24,  and  at  the  end 
of  the  century,  about  19. 

OorroctlDii  of  Deatb-ratea. — The  impossibility  of  making  a  fair  com- 
parison of  the  death-rates  at  different  jtlaces  without  taking  into  con- 
.fiideration  the  constitution  of  the  respective  populations  as  to  age,  sex, 
and  race,  has  been  sufficiently  jwinted  out ;  and  since  two  places  absi>- 
lutely  alike  with  regard  to  occupational  influences,  wealth,  density  of 
population,  climate,  soil,  water-supply,  sanitari'  administration,  and 
general  sanitary  condition,  but  discrepant  as  regards  the  distribution 
of  the  sexes,  age  [>eriods,  and  race,  may  show  very  different  death- 
rates,  ])erhap3  magnifying  the  salubrity  of  the  f)ne  and  exaggerating  the 
unhealthiness  of  the  other,  it  l)ecomes  necessarj'  to  have  some  method 
of  bringing  them  to  a  common  basis.  In  the  matter  of  race  influence, 
the  best  plan  is  to  separate  the  statistics  ab.sohitely,  having  one  set  for 
the  white  and  another  for  the  colored  population,  and  to  compare  white 
with  white  and  negro  with  negro. 

The  method  commonly  recj)mmendcd  for  correcting  according  to 
sex  and  age  is  the  one  in  use  in  the  office  of  the  Rcgi,ftmr-{jeneral  for 
li^ngland  and  Wales  ;  this  may  briefly  l>e  describct!  as  follows  : 

The  mean  annual  death-mte  of  the  country  lor  eiieh  sex  at  each  of 
the  eleven  age  periods,  namely,  Ik'Iow  5,  5-10,  10-l->,  15-2fl,  20-2o, 
25-;iO,  35—45,  45—55,  55— (i5,  65—75,  and  75  and  upward,  during  the 
last  preceding  ten  years,  is  obtained  and  mnltiplied  by  the  numl)er  of 
those  of  each  sex  at  ciich  corresponding  age  jH'riiMi  in  the  terrilorv 
under  cousidemtion,  acconliug  to  the  returns  of  the  last  preceding 
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c«Dsti!i.  Eat^h  product  tlitiii  obtiiiripd,  divided  hy  1,000,  gives  the  cal- 
vulatet)  number  of  dmthii  fur  th<-  i-csjuvtivt  sex  an<l  age-  in-rioda. 
Tlit'*c  "22  re-stilts,  adtU-*!  tofp'tlior,  rqirrat'iit  the  calculated  Dumber  of 
deaths  for  tlie  place  in  question  in  one  year.  Tbe  total  calculated 
niiiiilx'r  of  dmiliiD,  diviik-cl  by  tin*  nnmlKr  of  ihotf^ndfc  of  populattoo 
or  multiplied  by  1,000  aud  divided  by  the  population,  gives  the  ttaii- 
ttaril  tlettth-rale. 

Thf  iic\t  !^tep  is  Xii  obtHiD  a  factor  for  cont-cUou,  by  detenuinii^  tbe 
ratio  whit'^  tJie  i^landard  death-rate  of  the  plaot*  lieurtt  to  tlw  iWlk-rale 
of  lli«  wbolu  <xuinlry.  Tbi"  Ij"  obljuiK'd  by  the  rule  of  jsimple  projnr- 
tion,  the  second  mean  heiny  unity.  The  K^irnhxi  death-rate  for  the 
year,  iniiltiplictl  by  tbi.i  fiiet^or,  giv<s  llic  rorrtcUil  tlrath'tttlf,  which 
will,  therefore,  be  above  or  below  the  recorded  rate,  aecording  a*  the 
facCi>r  it*  above  or  below  uni^.  By  dividing  tliv  eum-cted  <ieaih*nl« 
by  the  duitb-rute  uf  \\w  whule  oouutn',  and  multiplying  the  quotient 
by  1,000,  tJie  comparafwe  niwialily  Jiff'tif  is  obl.iincd  ;  tliai  is  Hi  jWV. 
tbe  number  ofdwitli*  wbioii  will  ucrur  in  tbe  same  number  of  tbe  Iwod 
population  as  in  (he  ^ireneral  popnlaiion,  will  yiold  1,000  deallis. 

OlasKificitlon  of  Cause*  of  D«atb. — In  the  n^irtratiou  of  miiMS  of 
death,  a  oertjiin  amount  of  error  i-  inevitable,  tor  ^veral  reasons.  In 
tbe  lirst  plsM-,  evi.-n  the  nxiiit  eiii]i|K'li-iit  priii'lilioniTii  nix-  niri  infallihle 
iu  diagii'isis,  antl  it  is  not  :iNt':iyfs  poi^ible.  when  one  ]iatliol<^«il  ttaie 
is  ronijiHeatii)  by  the  advent  of  another,  to  fleiemiine  ubieh  wa^  tlie 
acttial  cause  of  the  liital  terniiuatiou.  Next,  the  uumenelaturc  of  di»- 
vi\ff*  !»  iaidly, idlh>iiif:li  <-ver leixllng louanl  ultiniiiU- gHrfn-iiini.  .\)!»in, 
the  true  cause  ol"  death  frequently  is  niif-repi-oented  inlentionany  for 
[>ri\'ate  or  family  raiison.t ;  iliim,  ajioplexy,  instrad  of  suietde,  aud 
peritonitis,  when  tbe  avtuul  cauw  of  the  pirituuitb  is  cnminol 
intcrfiTcnw. 

Ixistly,  it  is  sometime*  liii-eji»e  that  no  wuik-  «l»:i1evfr  i*  a^i^ignulil^ 
even  aller  earefnl  antopny,  and,  oljviously,  sueh  cannot  be  elasdfied. 
With  the  exikleuee  of  an  indeterminati;  lunonnt  ofen-or,  it  follows  iltu 
caution  should  be  csercisetl  in  eom)mrin^  results  representing  n  »er>e» 
uf  ytwm,  and  a11ow»n<x>s  .-ihould  be  kept  iu  mind  with  changes  io 
nomenclaturt^',  when  dntwing  deductions  from  what  has  bci'n  de^crilMtl 
as  the  olassi  location  "f  ihe  more  or  h-ss  reliable  guesses  of  a  large  imm- 
Ikt  of  more  or  h-.t*  sfciHeil  "b!*rver*. 

Reglitiatloii  of  Sickness,  if  it  were  possible,  would  afford  a  far  more 
effietenl  index  of  Ihe  Mmitary  eonditinii  of  tli«  (Hipulation  than  (be 
registration  of  deathi^.  wbiHi  gives  ui?  simply  tbe  nnmber  of  cawjs  of 
ste-kne^.-  wbieh  emiiil  fniwlly,  but  no  i<lea  ■)f  tlic  duration  tliereof  or  of 
tl*c  numlxr  of  jK'r«>n!^  teni(Hirarily  inntjuieitated.  A  distiiw  ordinarily 
recanted  as  fairly  (hmgepous  may  ]jre\-ail  verj*  extensively  in  a  mild 
form,  an<]  Im^  altiiHk-il  by  n  ven*  low  iliiub-nite,  nnd,  again,  may  exiitt 
to  n  lessor  extent,  but  in  an  nnusiudiv  severe  form,  nitb  »  high  propor- 
tion of  fatalities,  ilany  diseas*-,-,  again,  arc-  tcnipoiarily  disabling  and 
often  widely  pre^■aIent,  but  play  ii  small  iwirt  in  mortality  retiimt^ 
ToiistllitU,  for  example,  is  responsible  for  much  discomfort  and  lost 
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time :  its  prevalence  has  Bome  meaning,  !)iit  ite  death  roll  ie  exceodingly 
small.  Bheumatism  ie  much  more  widespread  than  mortality  rcturna 
would  imply  ;  chickeiipox  is  relatively  uiiim))ortant,  but  iu  some  places 
its  notification  is  required  as  a  safeguard  agaiust  tlie  spread  of  small- 
pox incorrectly  dioguosod  as  varicella ;  gouorrhoea,  without  being  fatal, 
does  more  harm  thau  commonly  is  8up{)ose(l ;  and  syphilis,  also  nut 
immediately  and  directly  fatal,  Bende  its  victims  into  the  mortality 
retiirn!4  through  various  avenues.  But  however  desirable  sucli  regis- 
tration may  be,  the  obstacles  iu  the  way  of  its  accomplishment  are  too 
numerous  to  admit  even  of  hope,  and,  excepting  iu  the  case  of  infective 
diseases,  which  law  requires  shall  be  reported,  there  is  no  satisfactory 
method  of  obtaining  au  aticurate  idea  of  the  hesilth  of  a  community. 

Dnratioil  of  Iiife. — Several  expressions  and  nictliods  arc  employed 
to  denote  and  measure  the  duration  of  life,  a  problem  with  which  the 
science  of  vital  statistics  is  largely  eugugcd.  One  of  the  most  falla- 
cious indications  of  longevity  and  sanitary  condition  Is  the  ^fmn  age  at 
Denfk  or  Mmn  Lifetime,  which  is  the  sum  of  the  ages  at  death  divided 
by  the  number  of  deaths.  This  is  unreliable,  because  it  fluctuates  very 
widely,  according  to  age  distribution;  for  in  a  community  containing 
a  large  proportion  of  children  and  in  which  the  birtli-rutc  and,  conse- 
quently, the  infantile  mortality  are  high,  the  average  age  at  death  will 
be  lower  than  in  another,  equally  healthy,  in  which  these  conditions  do 
not  obtain.  Hence,  it  can  only  be  employed  with  any  degree  of  safety 
where  the  population  constitution  is  uniform  iu  all  respects,  and  when 
the  observations  are  carried  along  over  a  long  jjcriod.  The  mean  age 
at  death,  not  of  u  few  hundreds  or  thousands  of  individuals,  but  of  an 
entire  generation  of  population,  is  necessary  to  show  accurately  the 
mean  duration  of  life,  aud  this  is  determined  only  by  means  of  life 
tables. 

Probable  Duation  of  Life  signifies  the  age  at  which  half  of  any  num- 
ber of  children  born  will  have  died,  so  that  they  have  equal  chances  of 
dying  before  and  after  tliat  age.  It  is  also  cjiUcd  the  vie  prohabk  and 
the  &iaati<m  of  Life;  but  ail  of  these  terms  are  ill-cho-sen,  for  every 
possible  duration  of  life  has  a  certain  probability,  which  may  be  deter- 
mined by  life  tables. 

Me&n  Dnration  of  Life  is  another  ill-chosen  term  with  which  t)ic  last- 
mentioned  is  often  confounded,  but  which  lias  nn  entirely  dill'eri'nt 
meaning.  It  is  meant  to  cxi»ress  the  probable  duration  of  lile  from 
the  date  of  birth.  In  an  ordinary  population,  subjec^tetl  to  the  usujil 
diiiturbing  influences  of  migration,  it  means  present  age  |»liis  the  prob- 
able length  of  life  after  passing  a  given  jHiint,  and  is  called  commonly 
the  expectntion  of  life  or  mean  (tfter-lifetime.  It  is  a  term,  which,  by 
reason  of  its  indefinitenesa  and  looseness  of  application,  it  would  be  well 
to  eliminate  altogether. 

Expectatdon  of  Life,  or  Mean  Aitflr-lifetimfl,  is  the  average  numl>cr  of 
years  which  an  individual  at  any  given  age  will  continue  Ut  live,  as 
shown  by  a  life  table.  As  applied  to  wh<)lc  communities,  it  is  the 
mean  duration  of  life  of  a  generation  of  individuals  from  birth  to  death, 
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and  it  regarditi  ii!<  tlio  only  tnie  measure  of  the  hnallb  of  entire  poPB 
latioiiH.  Like  otJiere  wbtoli  linvo  ^nw  iHrforo,  it  i>>  un  tiiifi>niiiinta 
fX|»rti«'ioii  u-mling  In  confusion.  "Tbp  term  docs  not  imply  that  an 
iii<lividii:il  msiy  ruifi  mil  lily  fxjmrt  to  live  n  (riven  minitx-r  of  yciin*. 
'VUf  i-xvi-^a  ol'  tlinpie  who  lUv  lutv  is  dif'tnlttitiitl  amonj;  lU<«e  nbn  die 
early,  'those  who  livo  hnigt-r  enjoying  as  miieh  nion*  in  pn)|>iirtiiin  to 
their  number  as  those  who  full  ifliort  eiijoy  low  of  life.*  ThuH  llw 
ox|K-ointion  of  life  luui  no  relation  whatever  to  tlie  nioeit  itrobuble  lift- 
tinie  of  any  nivcn  individual."      (NeW!*holn>e,) 

■'  K-rfiivtatioH  of  liff  it-  all  in<'on'eet  lei'm  :  the  time  wbicli  it  Lh  rrjurlrd 
a  |)en«on  will   live  !«  the  time  wbieh  it  \k  iiii  vvmx  rlutnty;  \»  will  livr; 
it   is  the  vie  piobabU  of  the  I'rL-iieh,  and  is  <«rreptlv  expressed  b» 
*  |irnbahk-  lifetime.'     The  all*T-lifetime  niii  only  1*0  tlie  ioiinv  a*  lii* 
prulMilde  lifetime  on  IVinoivreV  by(Mitlie*i)T — tluit  the  iiur\'ivinij;  li'rra 
)iii  jirithmetieal  ]iri>gre««ioii.     The  term  '  exiK.-<-ialion  of  life,'  fir^l  u-nl 
by  Deiiioivn-,  is  l■^>rr^^•t,  on   that   Mi]i|io»ition,  whieh   iit,  bowx-ver,  in 
itself  quite  erroneous.     The  idea  inteuclfd  to  Iw  ex|)r«<t^><l  by  '  MfW- 
tntion   of  life'  in   the    mnm  limt  wliieb  il    iiiiiiiImt  of  |M'|-)1oIii>  ut  Mijr 
in-itaiit  of  ajii-  will  live  atW  tluit  iiii'tnnt  :  it  !*■  the  Frem-b  rit  tnoifmnr; 
iiri<l  ihi^  ti'cliniral  iiiia  i>  ntrictly  and  shortly  espressi'ii  \t\- nflrr-lifrtim', 
!i  i>iire  Knglish  wurd,  formed  on  tiie  «inie  anulo^j'  as  tijtrr-iij'r,  afl/r- 
ltme»,  uJtiT-offr,  ajtrr-hunra.     The  njltT-fifdime  of  iiKit  at  tlx'  iigr-  iii  30 
i*  ;i3  ywiK"  by  the  English  lACv  Table :  .33  ytmw  m  not   tin*  jimit 
time  prolwibty  that  anyone  of  iliat   age  will    live,   bnt   the  nvenp" 
tinu-   llijil   a   nuiiilKT  of  men   of  that   age  will   live,  taken  oDi'  hHiIi 
tiniither.    .1,9^  -f  afiei'-tifilme  =^  Lifetime.    At  ;tt)  this  is  :l(t  +  :W  =  (i;i, 
the   avenigo   agi'  whieh    men    now  aged  30  wilt   attain.      At  liidh 
thih    in   0  -t-  40  =  40 ;    when  (ifetimr  aud  after-ti/tHme  are  tJie  Moit 
tbing. 

"The  a/ftimr  yiniply,  wttliont  the  addition  til  n  f/irrtt  atft,  wiH 
i«TVO  to  ex|irt?vi  in  one  wonl  wlml  is  ini]in>|H-['ly  callnl  thr  MjKirtrfit" 
of/i/r  (it  fiirfh  ;  thiie  the  /ifftimr  of  niakff  in  England  is  40  yttUH,  tfa* 
lifrliiiif  i>f  males  in  Miiwhe^lfr  is  24  yrais.  Tho«>  who,  frtim  lubil. 
pffler  '<-x]>(fl«li<iii  of  life.'  ran  nlwavfi  Mtb>-tilu1i>  it  fur  (tft'-r-iifi^ : 
frutii  tlir  use  of  whieh,  in  tlii;"  [Kijx'r,  no  ambiguity  ran  atve- 
(Dr.  William  Farr,  l-'.igbtii  Atiiiua)  Itupurt  of  the  Hi-gi^imr-' I'-ortnl. 
1>.  2-iM 

Life  Tables. — A  lifv  table,  ae^ording  to  T>r.  Farr,  li  an  ia>irui>i'"> 
of  pa>eision.  "  It  may  be  esdlitl  a  liioiufter,  for  it  gives  tlie  «>" 
nmi-uiv  of  the  duration  of  lite  nniler  jrivi-n  i-iiviime<taiwr!*.  .  ■ 
A  life  table  n-jinsent,-'  a  generation  of  men  iHutfing  tlimugti  tinw- ;  iw 
time  ander  this  asj^eet,  dating  from  birth,  is  called  age.  In  tbr  fi"* 
oolumti  of  a  life  t<il>lv,  «'/!■  !.■•  i-x|m»-*ed  in  ffrarg,  cotnmen<-iii|;  *t  " 
(birth),  and  prociixling  to  100  or  110  yairs,  the  extreme  liiiiil  "■ 
oljjiwTvifl  lifetime." 

In  order  to  (^mstniei  a  life  t;iltle,  it  is  c««eutiMl  to  have,  afi  mntftiu* 
a  knowledgw  of  t]i«  biw  of  the  |Ki|iulatinn  and  it**  ago  and  wx  dirtiil)"- 
tion,  and  tlie  returps  of  death  f<>r  a  year,  or  a  scrier  of  yean,  anavg^ 
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according  to  age  at  death  and  sex  ;  and  for  tools,  certain  abstnise 
luatheniatical  formulfe  which  it  is  hardly  necessary  to  consider  here. 
The  principle  upon  which  the  tables  are  baseU  is  that  if  a  large  number 
of  persons,  100,000,  for  instance,  bom  at  the  same  time,  were  followed 
from  birth  to  the  grave,  and  their  deaths  recorded  in  the  usual  manner, 
the  average  age  lived  could  be  obtained  by  dividing  the  sum  of  their 
ages  at  death  by  their  original  number,  and  the  number  of  deaths  and 
of  sur^'ivors  at  each  period  would  be  known.  Another  lot  of  the  same 
size,  observed  elsewhere  and  living  under  different  conditions,  would 
give  different  results,  and  thus  the  influence  of  the  discrepant  conditions 
could  be  measured. 

To  insure  as  great  accuracy  an  possible  in  constructing  life  tables,  it 
is  best  to  take  the  death  returns  for  the  entire  intercensal  period  of  five 
or  ten  years,  and  the  mean  population,  for  the  experience  of  a  single 
year  may  be  exceptional.  Tables  can  be  constructed  comprising  each 
year  of  life  or  acconling  to  quinquennial  periods,  and  are  made  for  each 
sex.  From  them  may  l)e  determined  the  probable  proportion  of  a 
given  number  that  will  arrive  at  different  ages,  the  probability  of  living 
a  given  time  at  each  year  or  period  of  age,  the  mean  after-lifetime  at 
the  end  of  any  g^ven  year  or  period,  and  the  aggregate  future  lifetime 
of  the  survivors  at  the  end  of  each  year  or  age  period,  or  what  is 
known  as  the  life  capibit  of  the  entire  oommunity. 

The  probability  of  living  a  given  time  for  each  year  of  life  or  age 
period  equals  the  number  of  survivors  at  the  b^inning,  into  the  num- 
ber at  the  end  of  the  year  or  period.  The  probable  number  of  sur- 
vivors at  each  year  or  period  is  obtainable  directly.  The  mean  after- 
lifetime  at  the  end  of  any  given  year  or  period  is  obtained  by  adding 
bother  the  years  lived  by  the  whole  life-table  population  beycnid  the 
year  or  period,  and  dividing  the  sum  by  the  number  of  survivors  at 
that  particular  time.  The  life  capital  of  a  community,  divided  by  the 
population,  gives  the  average  future  lifetime ;  and  into  a  hundred  times 
the  population,  gives  the  percentage  of  annual  expenditure  of  life  capi- 
tal, since  the  mean  population  equals  years  of  life  expended  in  a  year. 

For  further  information  concerning  this  branch  of  vital  statistics, 
and  for  further  consideration  of  statistical  methods,  values,  ami  ermrs, 
the  reader  b  referred  to  the  many  standard  works  dealing  with  the 
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CHAPTER  XV. 

I'EKSOXAL   HYGIENE. 

In  ufUlitinn  to  the  Imrricrs  wliioli  ))ublio  liyjpene  ititvrpoeeR  for  the 
protf-'clioi]  of  tho  huiltli  tff  cummunitJs  by  protecting  water  a[i[ij)lli->, 
(lisjiiiNiiig  «r  Htrwa^  uiid  mhvr  wastctt,  oxclitcling  cxuitc  diMiw  I7 
muiiiH  orqiiunintiiiL',  providing  for  iiwlstiun  of  vommunicabU^  dixoiv*, 
de«troying  iufedlious  matter  by  dUinfertioij,  regutiiting  the  condurt  of 
dmiKiTiini'  iKviii)Klitni>,  prctvidiiig  fur  llic  iiisjK't-tiiin  of  (ixm)^  uud  llmm- 
iug  oHt  othtT  Hifeguurdfl,  the  individual  owes  it  ti>  himi^tf  and  tn  tlie 
coiniiiitiiity,  of  whi<rh  lie  cnHL-ililiiUw  ■  iiion-  or  low  vulitnble  uui(,f)> 
erect  euch  othor  burnerH  for  his  own  prot4>otloii  u  he  oaa,  by  ike  n- 
ganl  to  Mioh  babil8  of  life  an  «iindiKV  to  a  luidlhy  ('Xtiitcnoi.-.  It  i^  hit 
duty  to  iiuiiiittiiii  habit»  of  pci^nual  cleunlincsH,  to  regulate  bis  did, 
avoidiug  all  exM*«fs  in  c-^tiitg  nud  dniikiug  ;  to  piiit<-e)  liU  Udy  I7 
ouitHble  vlothiiig ;  to  tukt-  euibfient  exi-rtiM-  in  the opeu  uir ;  to  k«-)> lii> 
system  in  perfect  working  order  tlimiighout;  to  devote  n  HuiSrirut 
part  of  c'Ht'h  tw^'uty-four  botir»  to  needful  n.*t  of  miml  imd  body ;  nmi 
to  keep  his  uniuediiitt'  »iurrounding»  in  as  eleanly  a  titate  a»  liisuwn 
)K-r)^oii.     ThU  hi  the  duinain  of  jKTMonal  hygivnv. 

Section  1.     CARE  OF  THE  PERSON. 

It  is  hardly  neoetwnry  to  imprcMt  u]w»  inlelligi'nt  ]iroplc  tlie  impor- 
tanee  of  |x>n*nnal  cleanlim-ss,  lor  with  such  It  is  a  matter  almost  cf  in- 
Minct.  In  the  case  of  llie  imtiimlty  dirly,  tlie  attempt  to  fdurtik-  in 
this  porticalar  is,  an  a  rule,  a  hopelei^  bu<k,  and  with  such,  tlie  nuunle- 
nnniv  of  nlennlineHM  of  ImnIv  iind  Mtrroundings  nm  b<-  oblidni^  only  by 
compulsion,  There  is  in  every  civilized  coniinuuity  an  alI-to»»-l;irp' 
pmjiortion  of  [M-rsons  wlio  ni-ver  ImiiJk',  and,  indeetl,  ivgaitl  a  lalii  a* 
a  [Kwitive  flongt-r  to  IkuUIi,  us  everj-  ptiyiycian  ivlio  luu*  luid  eijiTi- 
enoe  a»  a  hospital  interne  or  iu  praetioe  among  the  ignorant  poor  cui 
■bnmlantly  tenljfy. 

Itathing  is  of  importance  to  henlth,  both  for  itit  aelion  iu  removing 
dirt  and  inrfeliou!!  miilter  of  rxUTiml  origin,  and  for  Ur*  influeun'  i" 
keeping  the  ckin  free  from  waste  product*  of  the  system  uikI  in  »«■"■ 
dition  for  the  proper  excreiw  of  ilo  natural  functions  ;  for  tlw  skin  '» 
one  of  the  most  impurtnut  n:itunil  di-fonccfi. 

Baths. — ity  an  arbitrary  divi^i(lu  of  temprntures,  oold  Irath*  "f 
those  in   whieli  tlie  wnter  liii«  n  tem|H'mlure  Ik-Iow  C.'i''  K.  ;  »i»>l,  U- 
tween  65°  and  80°  ;  tepid,  between  SO"  and  SO"  ;  warm,  between  9<'* 
tot 
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and  the  normal  temperature  of  the  body  ;  and  hot,  above  this  limit  as 
high  as  the  system  can  bear.  Cold  bathing  i^  essentially  stimulant : 
the  cutaneous  vessels  contract  at  once,  and  send  the  Buperficial  blood 
supply  inward  ;  the  respiration  is  momentarily  gasping  in  character,  and 
then  slowed  and  increased  in  depth.  The  whole  nervous  system  and 
nil  of  the  mental  faculties  receive  an  immediate  powerful  stimulus. 
The  pulse  is  somewhat  slowed.  On  emerging  from  the  cold  water,  the 
respiration  and  pulse  return  te  their  normal  rates,  the  cutaneous  vessels 
relax  and  dilate,  and  the  return  of  the  blood  in  increased  volume  to  the 
surface  gives  a  sensation  of  warmth,  which  is  increased  by  the  process 
of  "  nibbing  down."     This  is  known  as  the  "  normal  reaction." 

The  cold  bath  is  taken  best  in  a  tub  in  which  the  whole  body  may 
be  immersed ;  but  in  default  of  the  necessary  means,  a  sponge,  satu- 
rated with  water,  applied  repeatedly  to  the  various  jiarts  and  squeezed 
cat,  forms  a  desirable  substitute.  A  shower  bath  is  better  still,  espe- 
cially one  admitting  of  regulation  of  the  temperature. 

The  proper  time  for  cold  bathing  is  on  rising  in  the  morning ;  never 
on  retiring  fur  the  night.  Cold  baths  should  not  be  taken  by  those 
advanced  in  years,  in  whom  the  arteries  are  atheronmteus,  nor  by  those 
with  abnormal  circulation,  who  do  not  quickly  react. 

Not  the  least  in  importance  of  the  eS'ects  of  cold  bathing  is  the  ini- 
munity  which  its  devotees  appear  to  enjoy  against  taking  cold.  Many 
of  those  who  practise  cold  l«ithing  tbt;  year  n>und  have  no  experience 
whatever  with  oolds,  and  can  withstand  exposure  which,  to  others,  is 
productive  of  much  illness. 

In  sea  bathing,  the  element  of  enjoyment  has  a  most  important  in- 
fluence. The  aalte  are  commonly  supposed  to  be  the  chief  source  of 
benefit,  and,  in  consequence  of  this  belief,  many  persons  are  in  the 
habit  of  dissolving  in  their  daily  bath  in  the  household  a  quantity  of 
more  or  less  dirty  material,  sold  at  a  price  which  insures  at  least  a  fair 
pecuniary  return,  and  known  as  sea  salt.  The  influence  of  the  salts 
contained  in  sea  water  is  nit,  and  the  i>enefits  of  sea  battling  are 
the  result  of  the  physiological  action  of  cold,  the  attendant  exercise  of 
swimming,  the  pure  air,  the  ab'^ence  of  domestic  and  business  cares  (if 
on  vacation),  and  the  sense  of  enjoyment. 

Warm  and  hot  bathing  cause  dilatetion  of  the  cutaneous  vessels 
and  mure  or  less  profuse  i)erspi  ration.  Respiration  and  pulse  are 
increased  in  frequency,  and  a  general  soothing  effect  is  produced.  Hot 
bathing  is  a  most  grateful  means  of  reducing  soreness  of  the  ninst'les 
after  violent  exercise  and  a  valuable  assistant  in  the  treatment  of 
insomnia.  For  purposes  of  personal  cleanliness,  warm  and  hot  baths 
are  more  suited  than  cold,  since  they  can  be  borne  longer  with  comfort, 
and  the  relaxation  of  the  skin  which  they  induct!  is  luore  favumble  to 
complete  removal  of  the  adherent  matters. 

If  means  for  complete  bathing  are  not  at  hand,  the  individual  should 
in  any  event  give  daily  attention  to  careful  cleansing  of  the  axillee, 
groins,  genitals,  and  feet,  as  well  as  of  the  hauds  and  face. 
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Section  2.     REGULATION  OF  THE  DIET. 

It  is  ohvi<ni.iIy  hnjKitiAible  to  toraiulato  any  system  of  ml^,  a|>plip- 
able  til  all  claiwcs,  tor  the  M-lcdinu  ol'  dictiind  the  n^iliitiim  of  hoan 
with  rcfl-n'iirc  to  the  daily  diitii?ii  ot"  Ufi?,  but  ^urral  niles  coi»f«rning 
wnie  ai-jUHrt^  vi'  the  ijiicHlion  iiiiiy  bt-  laiil  il<wn.  Thv  Mlft^-riion  of 
light  bixsik fasts,  somewliiit  more  sub^tniitiul  luncbponi-,  and  hcurly  din- 
iiprs  at  cI(Wf  i>r  dtiy,  with  |HTi(>d.«  nf  meiitul  and  jihyHicHl  wM  after  otA 
iiica!,  is  rasy  to  make;  but  the  busy  hves  which  the  gnut  majority  of 
tlxf  |iopnbiti<in  liiitd,  and  tli<-  widoly  difiornit  c-<lnditiol)^  of  Iif<^'  nm)  oo 
cii[Niliun,  mak«-  itf  f^ticral  au-'optance  aud  iid>>|ini>n  quite  iM^yotid  ihe 
bounds  of  poKnihiUty.  It  m  a  txtinmon  hubil  of  wrilfix  tin  |H-nai|uil 
hyjjipiio  til  <'oiii|m*f  menu*  for  the  several  daily  meals,  to  ^ggest  the 
amount  of  time  which  should  In-  ili'Vulttl  in  the  o>nxitm|iiion  nf  each, 
and  to  rLHiiiiiuicitil  tin-  uvoidaucv  of  }ihysi«d  or  mmlal  bdxir  for  vuiy- 
ing  perimls  before  and  aftrr  iju-li  mwd,  in  nnlfrlhul  iIk-  tligwlJw  nppi- 
r»tii»  iii.-iy  pnici'cd  with  its  work  under  the  nio»t  favorable  coixlitioa« 
for  its  uninleri-U])led  ooniplotion. 

Tin'  Jiditptiiiii  of  niiwt  of  isnch  re(.-ommenilatioii8,  however,  pi 
jMMws  a  ciirioii*  state  of  the  eonditiojis  of  life,  ineludin^  an  absence 
any  marki^^l   prefiTciiw*  in  the  matter  of  artick'*  of  dii-t,  a  complttc 
mastery  of  one's  time  without  reference  to  the  demands  of  oecnpalioa, 
and  jK'eiiniiin-  iiiilciu'iidenw. 

General  rules  may  be  offered  to  the  effeet  that  the  diet  should  ooo- 
i^ist  of  wholesome  iirtieles  of  imxl ;  that  lltesc  should  be  consumed  id 
Miflieient,  but  not  exees-Mve,  amounts ;  that  thoy  »b»iild  not  be  hur- 
riedly bolted ;  und  that  ilk  niueli  time  ao  w  otmsi^teut  with  tlie  in 
of  one's  oeeujwiliim  t^hould  be  allowetl  after  eaeh  meal,  before  proceed- 
ing  to  a  (xmlimiiiiHf  "f  work.  Obviously,  in  tbcMt  [nirlieubir*  esdl 
]>er^mn  must  be  a  law  unto  bimnelf.  and  the  ^^rcater  the  olx«rvauee  of 
generul  hygieiiio  principles,  iJie  btlter  tin-  pby.-.i«il  and  mental  wi-lb- 
being. 

SectSou  3.     BEST  AJTO  RECREATION. 

For  the  rejiair  of  the  daily  wi^vir  and  lijir  of  »  busy  life,  a  mUOOlUdl 
period  of  reft  of  body  and  miud  is  indispensable.  Nel'^'ou<'  and  Dienfidj 
breiik<lowii  result  from  overwork  and  altsenoe  of  rerreation,  but  h  )(l 
impii^ible  to  make  any  rule  a^  to  what  mar  be  n'^arrktl  n*  a  safe  limill 
of  the  amount  of  work  which  may  bi^  |«'rformed.  Monotony  of  lift  ia,] 
p«'rlia[>».  a*  |Mifent  a  faetor  in  nicnt.il  breakdown  nn  fivenmrk.  a*  U] 
evidencwl  by  statistics  showing  the  high  penx'ntajfe  of  iusaiiitr  amongj 
fHrment  and  fiinii«r»'  vrivi*  in  i^punwly  «etth'd  di>^1netf^  Mentnl  wonrj 
alM>,  in  far  more  potent  than  mere  mental  activity  in  caii*ii)(;  phystoilj 
and  mental  dit::i-niT:)tion.  KccnTtlion  i«  a  niont  im|)ortaut  n-medy,j 
then-fon',  for  tlic  prevention   of  monotony  and   worrj'. 

It  is  impoeflible  to  lay  down  any  ride,  gtiverning  the  amount  of  uln-pij 
tliat  e»n  npply  to  nil  |K-ntouit  indilTrrvntly,  sinoe  uetivr  mindH  may  nenl] 
much  less  than  what  commonly  is  r^arded  as  a  minimum  general 
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requirement,  aad  persons  of  coDspicuously  low  mental  ca))acity  may  re- 
<{uire  much  more.  It  is  generally  accepted,  however,  that  for  the  repair 
of  waste,  the  average  man  needs  to  pass  at  least  one-third  of  his  time, 
namely,  eight  hours  a  day,  in  sleep. 

Section  4.     PHYSICAL  SX2RCISE. 

It  is  essential  to  the  maintcuunce  of  a  completely  healthy  condition 
that  a  well -nourished  body  shall  be  exercised  pro])erly  in  all  its  parts. 
The  muscular  effort  involved  in  what  we  designate  as  physical  exercise 
and  in  the  pursuit  of  ccrtutn  callingij  which  necessitate  bodily  activity 
afTects  not  alone  the  general  musculature,  but  all  the  organs  of  the  body 
&s  well ;  the  heart,  the  lungs,  the  digestive  apparatus,  the  skin,  the 
kidneys,  the  brain,  and,  in  short,  every  part.  The  heart  and  lungs 
being  stimulated  to  increased  action,  an  increased  supply  of  oxygenated 
blood  is  sent  to  every  part,  bringing  with  it  the  essentials  to  full  nutri- 
tion and  conveying  to  the  eliminative  channels  the  ultimate  products 
of  metamorphosis.  The  special  stimuli  of  the  various  organs  are 
excited,  and  thus  the  several  functions  are  maintained  in  a  normal  state 
of  activity. 

In  order  to  gain  a  full  appreciation  of  the  benefits  of  physical  exer- 
cise, one  needs  but  to  compare  the  rugged  condition  of  the  well-nour- 
ished laborer  in  the  fields  or  of  the  student  or  man  of  business,  who, 
in  the  intervals  awav  from  his  dailv  work,  seeks  recreation  in  outdoor 
exorcise  or  indoor  gymnastics,  with  that  of  the  i>ent-up,  Mcdentary 
operative  or  the  indolent  seeker  after  plc;isures  involving  inaction. 
Whether  the  work  of  the  individual  be  that  of  the  hands  or  brain,  it 
is  sustained  better,  if  the  system  is  kept  active  in  all  its  functions  and 
parts. 

Effects  of  Active  Exercise. 

CirciUation  and  Bespiiration. — Muscular  effort  causes  the  heart  to 
bait  more  rapidly  and  with  greater  force,  so  that  more  blood  is  r^nt 
through  the  lungs  and  all  parts  of  the  body,  including  the  substani*  of 
the  hi-art  itself.  Unless  the  exercise  is  excessive  in  duration  or  violence, 
the  increased  action  is  n^lar  and  eqiiid,  and  cessation  of  the  exercise 
is  followed  by  gradual  slowing,  until  the  nitc  is  below  the  nonnal ; 
and  then  by  return  to  the  natural  rate.  With  excess  of  muscular 
effort,  the  pulse  becomes  quick,  smalt,  and,  often,  more  or  less  irregular, 
and  even  during  the  fall  in  rate  in  the  interval  of  rest,  it  may  Im'  inter- 
mittent. Excessive  rapidity,  irregularity  In  pulsation,  and  iurquality 
of  volume  are  indicative  of  the  necessity  of  rest  and  of  danger  from 
continuance. 

The  increase  in  the  pulmonarj-  cireulation  is  .icconipanie<l  by  increase 
in  respiratory  action,  so  that  a  larger  volume  of  lilood  is  foree<I  through 
the  lungs  and  comes  in  contact  with  an  increased  air  supply,  from 
which  it  receives  the  necessary  increase  in  oxygon  for  conveyance  to 
the  tissues,  and  to  which  it  gives  up  its  oiirhon  dioxide,  aqueous  vajwir, 
and  other  Vaste  products,  for  removal  from  the  body.     According  to 
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the  rewarches  of  FeUciikurcr  utid  Voit,  tlic  uxygcn  nhi'DrlH^  dnnn; 
ail  nnlinan-  working  (lay,  with  the  tisual  inli-nal  for  vast,  U  alxiui  imo- 
thinl  ^n.'iitc'r  in  iimiiiuit  thuii  diiriiig  a  ilnv  of  iiiuotioji,  iui<)  ibv  nthm 
dioxide  [rrodiic-ccl  aud  c^HniiiuiMl  is  iucrui»»l  ulrout  tw>-fiftli£.  Buriog 
f3((-niiiti,  i1k-  ni-tion  ol'  iht-  rlii-nt  should  \k^  im|»r<)wl  oe*  little  a*  pct^tttf 
hv  ti|ifitiy  tlttiiig  clothiti;;  and  otlicr  ifj^tricliun". 

Kxocssivo  <-xfmse  t-nL*t^  lalmn-d  lnyatliitig  and  Mgliiiig.  which  ore 
ii)ilii-»tion«  ttiot  tin-  lungit  arc  Utt  imidi  wiigivtcd,  and  timt  k*\  'h 
required. 

( JintiiiuKl  cxiiTmivr  exiroi.-u-  miiy  hriti)^  iihotit  |Ml]iita(i"i), drliiiiitiw. 
hypei-trophy,  und  even  vidviiliir  k-tiiune  ol"  iht'  lit.'art,  and  i-on).i>liuii  of 
th<-  lungs,  nniompuniod,  Mtrntftiuit-'",  by  hwriiojity.-iH.  SKldeii  unu^iiul 
fllort  nmy  4:iiui>c  ni]H»n'  or  other  iiijun'  of  thv  bluud-vt^&els,  and. 
nipely,  t-vcD  rupture  of  the  hrart, 

IVli<'i<'i!l  i'X<'n'iw  fiivors  u<-iikoTiing  of  (hi'  ho!irt%  iirtion,  dilatntixn, 
Hnd  I'lilty  d('p.']ier.ttiun  ;  and  in  iho^e  with  iuhcritt'd  pr<pdi^)a<n!ti»ii.  iIh' 
pn'[karaiion  ot*  Auitnhlc  soil  for  tltf  rcoi;|itioii  and  ik'Vfto)>iiM-iit  cif  iU 
orpiiiiun  of  luherculosi^. 

Skin. — In  oonH-<)ii(4icx-  of  llu*  incretuHil  hlooti  M]))[>ly  ft^nt  tiirm^ 
till*  oiitnnti)u>  vtTS-'els,  thf  latter  dilute  and  the  ""kin  Ihx-omio  MiiwvJ. 
Heat  is  brought  from  the  interior  of  the  hrxly  and  nKliniMl  ffim  tin* 
Kurfnoe,  and  a  iarlher  eoolinft  i-fl'wt  i»  <aiH»e<i  hy  the  evupi^imtKti)  "f  iW 
sweat  which  is  imured  oiii  hy  the  sweat  ghinds.  Thius  dw  t-jtciw  of 
beat  pnMluoed  in  the  !.y?.leiu  llirough  exerciw;  of  itn  vurioux  ports  i* 
eliminated  and  the  body  teinperatnre  kept  in  a  tilate  of  f<)uilil>riuiu. 
The  ainoiiiit  of  water  given  off  by  llu^  lungs  and  ."kin  during  a  ilnv  ^•f 
average  work  wai-  shoivu  by  Petieokofer  and  \'oit  to  l>e  nuirly  t*v* 
and  II  half  tJiat  eliminatixl  during  the  .tame  jK-riod  of  n^l. 

With  the  water  of  the  "wwit,  the  Imdy  Iiwwi  i4ill:<,  expcciully  iwdhiiii 
chloride,  and  fatty  acids  and  other  organic  sid^^lanoee. 

During  exerfi>o,  while  the  nkia  'i»  ailive,  llwri'  i*  liltli' danpi'"f 
chill,  even  though  the  i^kin  he  lightly  covcretl  or  even  cxp(Hi«d ;  Iwl  m 
ftmm  tw  till-  IxMly  ix^tH,  iW  tmi)H'rature  Gdls,  nml  »wcntiiig  aixl  ciiipn- 
nitiun  continue,  m>  thnl  it  is  imiM'Jlant  to  pn*tei-t  tlie  binly  agtiinAt  wi- 
den checking  of  the  ttkin'n  action  and  chilling  of  the  siirijiee.  Tlii»  '* 
done  biwt  by  means  of  clothing  of  low  beat  nunbietivity,  [M\'(rnfJ' 
wo>-ilIen. 

With  normal  action  of  the  nkin,  the  IhmIv  icni|>entiure  retimini*  6iir'/ 
r^m^tant,  the  hent  of  the  blood,  even  during  most  vtolcnr  rxi-rri-"'. 
mn-Iy  ri^ng  much  nioiv  (hiin  a  degnx-  Kahrenheii  nlmve  ihe  iiufflu'' 
I>Hring  work,  a  (leeided  ri«;  in  l4in|ier!ilHrt'  indicate*  lei^uiml  dip- 
mtion  from  ibe  -.kin  and  p«)intfi  to  postoble  danger  €mm  Unn  apufJ^*- 

NervouB  System. — ll  i*  a  <i)ninion  beliH'  Ihiit  e!cen-t*e  biu>  iiodM 
in  inereaxing  the  poweri-  of  the  mind,  this  iH-llcf  tteing  \mstd  lO  l" 
fii|i|>>inilion  lliat  lhi>  greater  ex]>endilun'  of  nervous  i<iierg\-  nilli'i  I*' 
in  the  exePciw  of  the  niuwUs  t«  opfwHictl  to  )titeIh-<-tii.'d  tteveh>pnii*l  '* 
acenmplishmcnt.  In  supixirt  of  the  idea  tliat  gi-eat  miiM-ulnr  (<'"' 
and  exertion  are  iucH>in{iatible  with  nmrk»l  nuntal  altaiDinrutM,  tlx 
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&ct  is  ottea  cited  that  trained  athletes,  aa  pugilists  and  wrestlers,  are 
conspicuously  stupid.  But  admitting  that  this  is  true,  it  may  also  be 
aaid  that  these  persons  are  stupid  in  spite  of  rather  than  because  of 
their  physical  development  and  training ;  and  the  fact  may  be  pointed 
out  that  in  our  schools  and  colleges  the  chosen  athletic  representatives 
rank,  as  a  class,  even  higher  than  the  average  of  their  non-athletic 
brethren.  Intellectual  ability  is  incomjiatibte  with  the  embracing  of 
pugilism  as  a  calling,  but  is  quite  consistent  with  a  high  degree  of 
physical  perfection  and  bodily  exercise.  Furthermore,  a  reasonable 
degree  of  activity  appears  to  be  necessary  to  the  performance  of  men- 
tal labor,  for  without  proper  nutrition  and  exercise  of  the  system,  the 
ncr\'es  and  nerve  centers  must  suffer  with  other  parts,  even  as  they 
must  share  in  the  benefits  of  healthy  and  vigorous  living. 

One  part  of  the  general  system  cannot  monopolize  the  benefits  of 
training :  the  muscles,  for  example,  cannot  be  trained  without  the  par- 
ticipation of  the  nervous  system  in  the  good  results,  nor,  on  the  other 
hand,  can  they  be  abused  without  injury  to  other  jiarts  as  well,  for 
motor  activity  is  the  result  of  nervous  energy,  and  all  fatigue  is  nerv- 
ous iiitigue.  As  evidence  of  the  beneficial  influence  of  exercise  on 
the  nerves  may  be  cited  the  greater  readiness  with  which  trained  mus- 
cles respond  to  volition. 

Deficient  exercise  is  a  common  cause  of  morbid  excitability,  mani- 
fested by  irritability  of  temper,  sensitiveness,  and  that  form  of  nervous 
unrest  commonly  known  as  fidgets. 

Digestive  Apparatos. — The  great  increase  in  the  excretion  of  car- 
bon dioxide  and  in  general  cellular  activity  causes  a  demand  for  food, 
and  the  appetite  is  increased,  especially  for  proteid  matter  and  fats. 
Digestion  is  assisted,  and  absorption  is  hastened.  The  volume  of  the 
excreta  is  lessened  by  reason  of  a  diminished  content  of  water,  due  to 
increased  elimination  through  the  skin  and  lungs.  I^ck  of  exercise,  on 
the  other  hand,  tends  to  diminish  appetite  and  the  powers  of  digestion. 

Kidneys. — The  amount  of  urine  is  lessened  by  reason  of  increased 
loss  of  water  through  the  skin  and  lungs.  The  inorganic  salts  are  com- 
monly increased,  both  relatively  and  absolutely.  Urea  is  not  increased, 
an<l  may  even  be  diminished,  as  shown  by  Pettenkofer  and  Voit,  in 
which  case,  a  more  than  conijKinsatory  increase  occurs  during  the  inter- 
val of  rest. 

Effect  of  Exercise  on  Weight. — The  effect  of  systematic  regular 
exercise  on  weight  is  l)y  no  means  constant,  but  is  influenced  by  tlie 
condition  of  the  body  in  the  beginning,  and  by  the  iiiiioinit  anil  variety 
of  the  food  ingestetl.  Many  ()crsons  shortly  after  Ix^iuning  a  course 
of  training  for  the  reduction  of  weight  or,  more  correctly,  of  sine,  find 
that  a  reduction  in  girth  is  accijmpaiiicd  by  an  increase  rather  tliaii  a 
diminution  in  weight  This  means  simply  thiit  the  system  has  drawn 
upon  its  stored  fat  for  fuel,  this  fat  being  must  conspicuously  placed 
in  the  vicinity  of  the  waist  line,  and  has  built  up  tissues  elsewhere  for 
the  increased  work  of  moving  the  various  levers  of  the  bixly.  This  in- 
crease has  its  limitations,  and  when  the  maximum  has  Iwen  reiiehed, 
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tltc  fall  in  u'4'ig{it,  fine  to  utilimtioii  of  mirpluti  fnt,  may  maHiuit- until 
n  jMtinl  in  rvarUtid  wIicd  ilio  nirvv  nf  weight  ii|>|>r»xiniuUv>  »  Itiit-ixDntnl 
line,  and  thepci-ifoii  may  \>c  said  to  Iw  in  iwri'ect  phynii-sl  mnditidn, 
Tlw  mttrlw-d  ]i)ii>ty<  in  wcighl  which  nccni-  dDrinfr  violent  cxrn'iw  are 
cmm  cimiitii'rtHiliiTii'cil  liy  iiitrf-'li"!!  :ii»l  ali^orption  of  fcml  and  ilriitk. 

Amount  of  Exercise  Required Sim-L-,  in  the  onliimr^'  rmitinri'r 

life,  a  cunsitlcrublc  and  van'ing  amount  of  pbyifical  work  »  (tcrforracil, 
it  U  irii]HiiiH)l>lo  to  ftx  any  nilr  conM-rning  tlii'  oxnot  diiily  auioutit  of 
rxcrciM-  whiHi  u  hcsilthy  normal  adult  !ihouKl  take.  Willi  tlip  vast 
imij'irity  of  iHT^ton.-i,  all  tho  oxer^^ise  ue<^k-<l  is  taki'U  a»  an  in.-(-)>iiniNe 
clfnu'iit  i>f  tht'ir  ii'(^ilar  <HfU]tati<>n,  and  any  adtlittonal  wurk  i"  |vr- 
fortned  as  a  tneans  uf  rccraition.  On  no  other  gmand  can  be  es]>laiD«(l, 
for  «xniii)>lo,  the  «"enin)r  bicycl"-  ride  "f  the  lolter-wirrivr  after  liw 
monotony  of  hi<  <hiily  rounds  un  foot,  or  the  ^ini'  of  huil  bcguu  at  Ihf 
close  of  tho  diiy'.-  work  l>v  the  hand."  fmni  the  mill  or  foundry'. 

A  fair  iIuv'k  work  for  an  ndnU  mny  be  i^d  to  be  c(ini\iik-ut  to  nWl 
SOO  foot-tons,  a  hanl  day's  work  to  4O0,  and  a  very  hard  tlaj-'s  work 
to  r)On  fnot-toii8.  Tin-  Intter  is  about  the  amount  of  work  [)rrf»niii«i 
by  a  leoklier  uf  avenigc  weigh)  marehinff  at  eaM-  with  hi^  kit  twtniy 
miles  over  u  level  siirf:ic-.-  iit  ihe  ntH-  uf  thn^-  niiW  an  hour. 

It  burs  biin  if^'koiictl  by  Ituughtoti  tiiat,  in  walking;  on  the  Hot,  'oh' 
perform^)  an  amount  of  work  r(]iiival«nt  to  raifinif  n  eertnin  |>ro|mrti'in 
of  hirt  weifjht  through  the  din'taiiee  tnwellMl,  the  |>ni[Mirtion  wrviafi 
aecoiiiing  to  ^[Htnl.  Ilje  work  [xa'fonued  is  reekoned  by  the  ("V 
lowing  formula : 

^^^wlo'^^  X  C=  nunbcr  ol  fwrt-ton*. 

W  ^weijclit  nt  l)i«  iwrwn. 

H*  ^  wt'ishi  caifW. 

D  ^  iliatiini'i:  in  fen. 

2340  =  tmiiilx'r  nr  |Hiiiii>U  In  «  liiiif  Ion, 

C  =^  rncffii.-iml  !•(  Inu'li'xi, 

The  eoHTtdenlfl  of  tnu'tinn,  an  ileterniinod  by  Ilanghlon  for  diffennt 
mte«  of  speed,  are  ue  follows : 


Mlli«  pet  lion  I. 
LSI  8  . 


10.r>77 


Owmplenl. 
I_ 

'  »27 
_1_ 

■  15.70 

1 

■  7.»1 


Fnun  these,  the  ooeffieienL-^  fur  any  mte  may  Iw  detormined.  I""f 
two,  three,  four,  and  five  miles  |R-r  hour,  ihey  are  aji|>roxiinul''lj 
A-  j'o'  t'c'  ""''  i'i>  resjiectively.  Thus,  a  mjin  weighing:  175  [■■nmis 
walking  10  niile«  at  the  rat*-  of  I  niihi*  iht  hour  and  rarr^inf  -" 
pounds,  would,  aceordiug  to  tlie  formula,  do  txHirly  300  foot-tew  "f 
work— 

im-i-astx'a.soQ ..  L  ^  2M.36 
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In  ascending  a  height,  a.  man  lifts  his  entire  weight  through  the 
vertical  distance  travelled.  Thus,  the  ^ama  man,  earrj'ing  the  same 
weight,  climbing  six  flights  in  an  ordinary  office  building,  would  do 
about  8  foot-tons  of  work,  reckoning  the  distance  climbed  as  90  feet. 

For  those  who  do  no  regular,  ordinary  physical  labor,  it  has  been 
e«<timated  by  different  authorities  that  exertuse  equivalent  to  from  100 
to  150  foot-tons  is  sufficient  for  the  maintenance  of  a  fair  state  of 
health.  But  this  should  not  l>c  pushed  to  the  extent  of  being  exhaust- 
ing or  irksome.  When,  iu  the  course  of  exercise,  the  body  begins  to  be 
&tigue<i  or  the  heart  and  respiration  to  be  embarrassed,  rest  is  required  ; 
for  excesaive  exercise  confers  no  benefit.  Severe  prolonged  exercise 
may  cause  dilatation  of  the  heart,  aneurysm,  and  respiratory  disorders. 

Kincb  of  Exercise. — Exercise  as  a  hygienic  measure  may  be  divided 
into  outdoor  work,  including  walking,  riding,  and  athletic  sj)0rts,  and 
indoor  work,  or  systematic  gymnastic  exercises.  The  former,  preferred 
by  all  English-speaking  people,  are  carried  on  under  far  more  healthy 
conditions  and  bring  with  them  a  much  greater  measure  of  enjoyment 
than  the  latter,  which  are  preferred  on  the  Continent,  more  especially 
b^  Swedes  and  Germans.  Indtxir  work  in  the  gymnasium  is,  as  a 
rule,  purely  work,  without  the  element  of 'pleasure  either  in  anticipation 
or  during  Its  continuance,  and  is  jx^rformed  as  a  serious  duty.  It  is 
carried  out  from  day  to  day  for  a  longer  period,  if  done  in  company 
with  others,  as  in  a  class ;  in  which  case,  emulation  may  stand  in  the 
place  of  actual  enjoyment.  But  ordinary  indoor  exercise  with  Indian 
clubs,  dumb-bells,  chest-weighta,  and  similar  appliances,  carried  on 
alone  in  one's  room,  is  usually  most  unsatisfactory  in  its  results. 

There  are  some,  doubtless,  who  regularly  take  a  certain  amount  of 
this  class  of  exercise,  enjoy  it,  and  profit  by  it ;  but,  commonly,  the 
enthusiasm  which  attends  the  purchase  of  the  appliances  declines  in  a 
marked  degree  by  the  end  of  the  third  or  fourth  day  of  use,  and  has 
disappeared  in  a  week.  Soon  the  exercise,  simply  a  duty,  develops 
into  a  bore,  for  the  monotony  of  this  kind  of  work,  into  which  no 
sense  of  achievement  enters,  except  that  from  the  accomplishment  of 
a  wearisome  round  of  strokes  measured  by  hundreds,  pHnhices  a  itis- 
t'L-'te;  and  soon  the  work  becomes  spa.smodic,  the  inter\'als  growing 
longer  and  longer,  and  finally  is  abandoned  completely. 

Golf. — ^This  exceedingly  popular  game  appears  to  \»  an  idiid  form 
of  exercise  for  all  ago?t  alMive  early  childhood,  and  [wirticularly  for  those 
whase  lives  are  essentially  sedentary  or  whose  age  iiiYrludes  them 
from  following  the  more  violent  games.  The  amount  of  work  per- 
formed in  going  once  over  a  course  is  verj-  considerable,  but  it  is  done 
in  such  a  way  and  under  such  surroundings,  with  ever-changing  scene, 
that,  at  the  time,  it  is  hardly  appreciated.  The  mind  is  plesisantly 
engaged  in  speculation  as  to  the  jMissibility  of  acliii'ving  certain  results, 
and  is  filled  with  pleasurable  emotions  when  the  effort  is  crowned  with 
sucoesa  ;  the  body  is  gently  excrcis<tl  in  all  its  parts  by  a  form  of  work 
performed  because  it  is  so  essentially  a  means  of  enjoyment.    It  cannot 
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be  ahufleil  as  are  so  many  other  Hport«,  and  there  ts  do  Deoeedty  for 
([uick  mid  vUiIviit  iu>tion,  an  in  U^nnici  and  fi>otl>al]. 

Wbeelioc. — \Vhw3inp  involvt-i^  vtn'  liirRcly  the  entin?  mnirCuUir  fvj- 
ti-m,  and  tiringrt  iuto  play  groups  of  n)ii!irlt'K,  the  ^ixUtoftoe  of  wliidi 
Iiiw  not  Ix-l'oR-  Ixvn  ui>in\'oiat«ii  by  tin-  IxTjiimcr.  "With  tlw  wheel,  one 
nuiy  tako  any  ilcniriHl  amount  of  gpntlo,  iiKHJcratp,  or  violent  e-xeni*. 
It  give*  n  connbiiit  ohai)g«  of  ccene  mid  the  [dejb<nmhlo  K'nso  of  motion, 
both  "f  whioh  are  of  \-aluc  to  the  tired  mind.  It  ia  not  the  particukr 
flinn  of  iniiiicnlnr  exertion  tliat  !.«  the  incoiitiv«  to  long  exerri<<-  nn  tin- 
whwl,  hilt  the  pl(Msure  which  it  pivi* ;  fwr  no  niotv  nionoii>noiis  exemie 
cmi  )h'  devi^-<I  tlian  riding  a  .itationan>'  hievele  in  n  g)'iiiim>gnm,  wbtir, 
on  the  otlier  Imiitl,  many  who  would  reganl  an  crrantl,  IdvuKHii^  a 
walk  of  a  mile,  um  a  hanhtbip,  will,  witliout  demur,  wheel  five  timei 
tbil  distiuive  for  the  wiine  etwl. 

Temiis,  etc, — Tennis,  footliall,  baselniM,  and  other  outdoor  »\y>rl»  ait 
ei>[n|Miriitivi'Iy  violrni  for  the  majority  of  i>eopJe.  They  brint;  ll» 
whole  IhkIv  into  tiction  nnd  are  \-aluable,  if  not  pushed  too  far.  TIict 
do  tiot  admit  of  varying  the  ]iii<!e  aceonling  to  I)m>  fiitigtie  of  individual 
phiyer>,  in  which  re»|R'et  golf  and  whwiiiig  jHiiwew  an  tidvantage. 

Rowing  13  also  a  very  h«»llhfnl  fonii  of  exerei^-,  hut  iIh-  violeut  ewr- 
tiou  reqiiireil  in  the  su.->t(Uiie<l  ell'ort  of  racing  is  not  always  a  bcncfiL 

Section  6.     CLOTHtNO. 

Tho  olljeots  of  elotliing  are,  a»i(h-  from  iiiolive.a  nf  dcvrney,  to  iim- 
teot  the  body  from  the  sun's  ray»  in  hot  weather,  from  the  ehiliing 
Influmov  of  winda  in  all  w«at]iers,  fmm  t^in  and  other  forms  of  wet, 
and  from  meoluini»iI  an<)  other  external  injuries  and  di«coinforlx :  ^ 
coni^Tve  ilii-  l"«iy  temixrature  and  prevent  interfeit-no-  with  tlif 
natuml  l^lnctioI^^  of  llie  skin  ;  and,  finally,  to  udoni  the  jK-rson.  The 
pmjK'r  iiilfiluit-nl  of  tbe^H'  various  objeets  is  deix-ndenl  upon  the  nntufr 
of  tliv  mnlcriul,  tJie  looM-ticwi  of  ita  texture,  tt^  eolor,  it«  bygroM»|iin'tT 
and  heat  conductivity,  atid  its  sjvecial  adaptability  lo  some  putMolnr 
piiri«i«'. 

Color. — The  hcjit  <if  tile  s.uii's  my"!  is  alworlml  to  th<'  grrat«'St  cxtiiil 
hy  htaek  material)',  and  least  by  white.  Next  to  bLick  eome  llicdurk 
shudes  of  blue,  and  then,  in  order,  green,  ml,  and  yollow.  Hail  i< 
rclli-ete*!  mast  by  while,  and  then,  in  order,  tlie  light  filtadm  of  yclW. 
rv*\,  grt^-ii,  and  blue.  The  eo]<ir  of  nndeiigarmrnls  (not  expoM^  ("  lin' 
mv»  of  the  sun)  exercises  no  inHuencc  whatever. 

Texture. — TIic  looser  the  toxture,  tlu-  gnaiter  the  amount  of  air  io 
th«-  interatiora  ;  and  air  In-ing  a  ven-  |ioor  limt  oonthhior,  otlier  lliiuiP 
being  e<|Hal,  a  loosely  woven  fabric  prevents  hiss  of  Ixiily  l»«il  in  * 
Mill  air  mon*  than  one  of  chwr  texiun*.  Thuo  it  in  th.tl  a  lliiOi 
loosely  woven  garment  of  woollen  if  warmer  io  tli*-  IhkIv  in  a  ntiU. 
oold  atniaMjihere  than  nii  equal  amount  of  chisely  wovim  miiterin!"! 
the  «im«  or  other  kinds.  The  same  result  ts  uttaiited  hy  wauinf!  i 
number  of  garments,  ooe  over  awither,  so  that,  having  hiyen  of  ooi' 
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fised  air  between,  they  act  in  the  same  way  as  double  wicdowu  on  a 
house.  The  value  of  fur3  as  conservators  of  heat  is  largely  due  to 
the  amount  of  air  retained  between  the  individual  hairs. 

Impermeable  materials,  being  absolutely  wind-proof,  and  hence  per- 
mitting DO  natural  ventilation  through  their  substance,  arc  very  warm, 
but  have  serious  disadvantages,  the  most  important  of  which  is  the 
retention  of  the  transpired  moisture  of  the  body,  which  collects  on  the 
surface  and  is  absorbed  only  in  part  by  the  clothing  next  thereto. 
Against  rain  and  cold  winds,  impermeable  materials  alTord  very  great 
protection.  Winds  act  in  two  ways  to  chill  the  body :  by  constant 
removal  of  the  air  in  contact  with  the  body  and  warmed  by  reason  of 
contact,  and  by  hastening  evaporation  of  the  moisture  within  the  sub- 
stance of  the  clothing. 

Heat  Conductivity. — Materials  vary  widely  in  their  power  of  heat 
conduction.  Among  the  textiles,  linen  and  cotton  are  by  far  the  best 
conductors,  and  wool  the  poorest ;  but  since  the  conduetivity  of  a  gar- 
ment is  governed  mainly  by  the  looseness  of  texture,  it  follows  that 
the  same  amount  of  a  good  conductor,  loosely  woven,  may  be  warmer 
than  wool  woven  very  closely.  But  the  fabrics  made  of  the  best  con- 
ductors are  commonly  very  closely  woven,  and  of  wool  are  of  varying 
d^rees  of  looseness. 

Hygroacopicity. — Fabrics  hold  moisture  in  two  ways :  first,  by 
retaining  it  in  the  interstices  between  the  fibers ;  and,  secondly,  by 
absorption  directly  into  the  substance  of  the  fibers.  The  moisture 
held  in  the  interstices  gives  the  sensation  of  dampness  or  wetness,  and 
may  be  lai-gely  removed  by  pressure,  as  iu  wringing ;  that  absorbed 
into  the  fiber  may  be  very  lai^  in  amount  without  giving  any  sen- 
sation of  dampness,  aud  it  cannot  be  expelled  by  pressure.  The 
latter  is  known  as  hygroscopic  moisture. 

Materials  of  animal  origin  are  more  hygroscopic  tlian  tliose  from  the 
v^etable  world,  and  while  they  absorb  water  readily,  they  part  with 
it  more  slowly  by  evaporation.  Thus  it  happens  that  a  person,  sweat- 
ing to  the  same  extent  and  under  the  same  general  conditions,  feels 
less  sensation  of  chill  on  resting  from  his  exercise  or  work  when 
clothed  in  woollen,  than  when  his  dress  is  linen  or  cotton.  In  the 
latter  instance,  the  moisture  is  held  more  lai^ly  in  the  interstices, 
and  the  garment  may  be  dbtinctly  wet,  and  then  adheres  to  the  skin, 
which,  as  evaporation  proceeds,  becomes  chilled  through  rapid  abstrac- 
tion of  the  heat  required  in  the  process;  whereas,  in  the  former,  the 
evaporation  is  gradual  and  the  chilling  much  Xi^fm  perceptible  or 
unnoticeable.  But  here,  again,  a  hygroscojiic  mat«rial,  very  closely 
woven,  may  be  incapable  of  holding  as  much  moisture  without  im- 
parting the  sensation  of  distinct  wetness,  as  one  of  a  loosely  woven 
substance  of  low  hygroscopicity. 

Materials. 

The  materials  employed  in  the  making  nf  clothing  come  mainly 
from  the  animal  and  vegetable  worlds ;  fn>m  the  former  are  derived  the 
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wonU  of  vsrioui>  IciiuLi,  mik,  fun^  TeatberH  and  domi,  aixl  liiillm; 
fr«m  the  latter,  the  principiil  lU-rivntiviBt  arc  cotton  and  Has  (linea), 
iitid,  iii"  k'.isiT  imiHirtauoe,  straw,  h«mp,  jute,  aud  rubber. 

Wool. — W(«i)l  of  vuriutu  kiiidi*  w  yieliU-d  by  a  niimb<-r  of  <iiflemit 
g(;ii«Tn  of  sniiiuibi.  Tlial  in  comnionert  ui^  an<)  to  wbit-b  ibi-  imnip 
is  very  (jpin'riilly  roptriot"!  i«  derived  from  Uw  sbiTrp.  Other  kimU 
iiieJude  mohair  from  the  Angora  WMt;  Imshmlr,  or  cashmere,  fmra 
ihi-  Thilwt  ffiM ;  rainiclV  hnir  atid  alfnca,  fruiti  .iwhntia  jmkvm,  a 
cfltnelokl  riimiiuint  uf  South  America.  But  the  tcnns  mohair,  va«li- 
men-,  an<i  alpata  enoiiniuily  rtrfer  to  ci.lton  iind  iiliec|>*^  w<ki1  imitjituitui 
eoiitdiiiiu^  Ho  tnii-e  •\(  cither  of  tbex-  more  exp«iuive  wools. 

Under  the  micrtwrope,  the  fibers  of  wool  are  seen  in  b*-  cyltmlriral 
and  tran.'duocnt,  luxl  eiiveriil  with  hiiuiII  itiibriattvd  t>cala<  whii'h,  like 
thniw  uf  a  (i«h  ur  the  feathere  of  a  bini,  run  sU  in  the  same  direciioo. 
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They  are  sharpest  and  t>innlWt,  and  hence  mast  nuniemuf,  in  Oir 
fintwt  sorts  ;  iw  many  as  2(*0()  and  a»  few  a*  500  to  the  inch  have- 1*«" 
oounte<I  reepertively  in  (lie  best  and  very  inferior  kinds.  TIh-v  pi^t 
to  the  fibers  the  tt-nacity  with  wliioh  they  cling  lojrether  wlwn  wiivm, 
and  the  rcadtnctui  with  which,  when  wet  iind  >Hubji?cted  to  pr^-amn'.  i* 
nibbing  or  wringing,  they  nint  tojji-thvr  and  ean«-  .'brinking  oflU 
fiibric.  Tlipy  an-  i^iion*n  in  V"\^.  IO!i,  which  U  drawn  from  a  sponn'*' 
of  fine  Saxony  erewel. 

Woollen  gootls,  Iwing  poor  conductors  and  containing  much  eniMdiW' 
air,  are  the  most  valuable  of  nil  textiles  for  general  purpose*  id  Jl 
eliniale^,  iind  |xirticillarly  in  tbo>c  in  which  abnipl  vride  chuugr^  "" 
temperature  occur.  In  vety  bit  climates,  they  are  inferior  as  iiuttf 
garments  to  cotton  nnd  linen,  which,  being  better  oondiictorx  nn<l  rr- 
flceton*,  a^iiKt  more  in  keeping  the  ImmIv  cumfiirtahly  cool.  Bwl  for  un* 
detgarments,  wool  i.*!  mudi  better  an  a  pruti^ctinn  agaiuitt  chilling  afl^ 
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active  eiercise,  on  account  of  its  hygroscopic  properties ;  the  vapor 
from  the  body  is  condensed  and  absorbed,  aud  the  heat,  which  becomt^ 
latent  when  the  moisture  is  vaporized,  is  set  tree,  and  the  evapora- 
tion from  the  fabric  to  the  external  air  proceeds  slowly  and  without 
the  chilling  effect  obser%-ed  when  one  sita  in  clinging  wet  cotton  or 
linen,  which  feels  cold  in  proportion  to  the  rapidity  with  which  it  dries. 

Woollen  fabrics  are  much  subject  to  adulteration  with  cotton  and 
other  cheaper  materials.  What  are  known  as  flannelettes  are  very 
commonly  made  wholly  of  cotton  or  with  a  very  small  percentage  of 
wool,  although  the  name  is  intended  to  convey  the  idea  that  wool  is 
the  sole  or  <£ief  material  used.  What  some  are  pleased  to  designate 
"  sanitary  flannel "  is  often  largely  or  wholly  cotton.  Shoddy  is  a 
febric  made  with  varying  proportions  of  old  ravelled  woollen  and  other 
cloths  with  a  minimum  of  new  wool.  It  has,  as  may  be  supposed,  a 
much  inferior  tensile  Btrength  and  less  uniformity  of  texture  than  wool- 
len of  good  quality. 

Silk. — Silk  is  the  spun  fiber  produced  by  a  number  of  species  of 
insects,  especially  the  larvse  of  the  bombycid  moths,  called  silkworms, 
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to  form  cocoons  or  protective  coverings  when  about  to  assume  the 
chrysalis  stage.  The  cocoon  in  which  the  chrysalis  is  killed  yields  an 
exceedingly  fine  thread,  consisting  of  two  agglutinated  filameuts.  This 
thread,  when  unwound,  measures  more  than  two  miles  in  length,  and 
when  spun,  yields  in  the  neighborhood  of  500  yards  of  silk  thread. 
The  outer  jart  of  the  cocoon  is  of  inferior  quality,  and  is  known  as 
floss. 

Silk  is  very  hygroscopic.  It  is  a  poor  heat  conductor  and  a  perfect 
non-conductor  of  electricify.  It  has  great  affinity  for  anilin  and 
other  dyes. 

Under  the  microscope,  the  fibers  appear  as  structureless  (ul)fs,  and 
show  no  scales  or  surface  markings,  such  as  are  seen  on  wool.  They 
are  represented  in  Fig.  110.  Before  being  woven  into  fabrics,  silk  is 
commonly  weighted  with   salts  of  tin   and  iron,  with  which  it  forms 
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stable  chemical  compounds.     Woightwl  isilk,  subjected  to  the  netion  of 
It   Bunseii   flame,  partti  vriUi  its  organic  oonatitueuta,  but   rotUD»  its] 
stnictuml  iippt^inmoi-. 

Silk  ifl  very  i^uliject  to  adulterntion  with  other  fibers  nnd  to  complete  { 
i^iibislitiition  by  iirliflcial  iirf[Mnitiiiti.-*.     Onv  i'omi  of  urtifioial  eilk,  in-  ' 
vpDted,  in   1884,  by  a   l-'reucbman,  Count  Chardounet,  is   iiukU'  frim  , 
pri'imrvd  cotton  or  wood  fiber.     It  jioflsw(ii.it  n  vcrj-  silky  luster,  and  wasj 
at  tiret  very  inflummuble  and  even  explosive,  being  practically  ni(ro-j 
oellulofie;  but  later,  the  product   was  subjected  U>  fnrlbt-r   flii'micnl' 
OTOoess  and  made  tiarniW'^.     Anotlier  furtn,  invented  by  Freoien'  soil 
Urban,  !.*  made  from  colioii  vfasu.'^  and  it  produced  much  mon-  chwiily. 
Still  another  form,  invented  by  Professor  Hummel,  of  heeds,  is  maiie 
from  gelatin  at  an  expense  of  almul  (l.r'i  pf-r  i>(>un4l.     1l  has  u  \ow 
tensile  T»ln»(^ii,  but  may  be  employed  in  a  mixture  with  genuine  mIIc 
or  tine  linen  or  cotton  thread  to  make  a  dunilile  fidirie. 

^illc  is  usud  diicfly  in  die  manufacture  of  silks,  satins,  velvets,  cmjic, 
and  pltisti. 

Cotton. — Cotton  is  Hw  soft  wotilly  fibers  appeudant  lo  ibe  seeds  of 
tJic  cotton  pla:t:t  (^Goag^pium),  consisting  of  c^uloee,  and  vaiying  io 
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length  from  a  half  to  two  inches.  It  is  contained  with  the  oeeds  nitliin 
tin-  boll,  which,  when  ripe,  hursts  and  allows  the  fi)>en>  pftrlially  ton- 
cape.  Microsetipically,  the  liliers  ap]>«ir  flattened  and  twisted ;  tbey  baVf 
Komewhat  thickened  borders,  and  some  show  a  central  canal.  I'hey  att 
sltown  in  Fig.  1 II.  They  are  frw<J  frum  the  wmIs  by  the  ooUon-^Hi 
then  cleaned  and  spun  into  thread,  and  woven  into  fabri<>«  of  vaiiou* 
kinds,  inclmlirig  what  is  known  cominumy  as  "cotton  cloth,"  sheetii^ 
toweJling,  jean,  drill,  and  others.  For  the  purpose  of  givin);  wei^hli 
«tilltacss,  and  iiiiprove<I  ap])earani'e,  .■■torch  iiikI  other  materialit  arc  com* 
ntonly  employed  in  finishing.     Cotton  ts  employed  «lso  with  wool  mA 
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other  materials  as  an  adulterant  or  to  combine  the  useful  properties  of 
each,  as,  for  example,  in  merino,  which  \»  much  used  in  the  manufacture 
of  underclothing  and  stockings.  Cotton  iii  very  durable  and  hard,  has 
low  hygroscopicity  and  high  heat  conductivity,  does  not  shrink  in 
washing,  and  is  particularly  adapted  as  a  material  for  outer  garments 
for  hot  weather. 

linen. — Linen  is  a  fabric  woven  from  the  soft  silky  fiber  obtained 
from  the  outer  covering  of  the  stalks  of  the  flax  plant  (Ztnum  ueiitiiis- 
nmum),  which  are  allowed  to  rot  until  the  proper  stage  of  decomposition 
is  attained,  when  they  are  beaten  and  carded.  They  yield  about  a  six- 
teenth  of  their  weight  of  fiber.  Microscopically,  the  fibers  appear  as 
cylinders  marked  at  regular  intervals  by  striie  indicating  cell  divisions. 
(See  Fig.  112.)  Twisted  into  thread,  tfiey  are  used  in  weaving  various 
fabrics  known  as  linen,  cambric,  damask,  diaper,  lawn,  and  huckaback. 
Linen  goods  are  smooth  and  lustrous,  heavier  than  cotton,  durable  and 
haid,  of  low  hygroscopicity  and   high  heat  conductivity.     They  are 
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especially  suited  for  shirtings,  sheetings,  and  outer  garments  for  hot 
climates. 

Rubber. — India  rubber  is  a  product  derived  from  the  milky  juice 
of  various  tropical  plants.  It  is  sohible  in  ether,  naphtha,  chloroform, 
and  cari>on  disulphide.  Its  elasticity  is  impaired  and  destniyed  by 
long  exposure  to  the  air  and  by  extremes  of  atmospheric  teni])erature, 
but  is  made  lasting  by  the  addition  of  a  small  amount  of  sulphur  in 
the  process  known  as  vulcanizing,  discovered  by  GrKxlyear  in  1844. 
This  process,  in  addition,  insures  increased  dural)ility,  Hexibility,  and 
Impermeability  to  air  and  moisture.  To  the  latter  ijiuility,  rublwr  owes 
its  extensive  employment  in  articles  of  dress,  including  galoslies  and 
other  foot  coverings,  and  outer  garments  made  of  nibl)or-sheeting  or 
Waterproof  clotb,  known  as  mackintosh.  The  Intter  is  made  ity  ap- 
plying a  solution  of  rubber  in  successive  layers  to  cotton  or  other 
fabric,  so  that  it  shall  be  made  impermeable  to  water. 

Rubber  garments  are  a  very  useful  protection  against  wind  and  rain, 
but  are  objectionable  on  tbe  score  of  l>eing  hot  and  confining  the  watery 
rapor  given  off  by  the  skin,  thus  briuging  about  a  condition  of  gniit 
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diiicnmfnrt.     Tlioy  .should,  thc>rofnrt>,  be  venl!lnt«(l  a»  tnuoh  asi  is  pno 
ticultle,  oi'jjfoiallv  if  worn  in  |)iikI(T»U*  or  wiirm  tfnipi'nit«rei«. 

Clothing  t-aii  l>f  made  nalerprtKif  and,  at  the  same  limo,  jifrraciihli 
to  iiir,  l>y  a  nimilxT  uf  \>r(ifittrA-^,  nnd  ;<ii('h  itmU'rial  huit  un  oljviiiu 
advimtugc  over  ordinan-  mni-kit)t'>F^li  and  other  inijiemKnbli'  lalTiw. 

Leather. — lAtilhcr  !.■<  llic  !<kiii.-«  of  Miiitnaln,  rlitHly  tbi'  ox,  i^l^ 
horse,  shoe]),  and  gout.  pivjKiivd  by  tnnniii^  and  tawing.  lu  tannirt)^ 
tlie  t^kin  in  tumked  in  vata  cont^iinin^  an  infusion  of  oak  iKirk  ridi  ia 
tannic  at-i<1,  wliich  uiiimv  the  tVinnntion  of  tough,  iDtuiliibk-  liitiiuitcniif 
ibc  g*laliiioni-  and  albumiiiou^^  i.-oiwtitiiciitii  of  ibe  nkiii.  In  UiuinjEi 
tiiiiicnd  ii.-iriiigciiti'  iiii-  hsikI  iiiKtviid  of  oak  Iwrk  ;  the  riid  if  nlTaiiii^ 
more  quickly,  but  llit-  prodtitt  is  of  inferior  (juality.  After  thr  im-*- 
e**  of  tunning  or  tiiwing  Iji  <^im[>tHv<t,  tW  ckin,  now  t»iigh  iiml  'tiff, 
is  subj<?ct<xi  to  a  i^^rics  of  procoi^cii,  collectively  kn<i«n  as  cunning, 
wbtivby  it  i>  ninde  .■'ofl,  nmootli,  pliable,  ami  wtidy  for  use. 

IxnitluT,  being  bygmccopic,  take^  up  )»er>-pi ration  fn>ni  the  foot  ami 
giveii  it  off  to  tlur  outer  air  ;  bnt  if  it  i.-  iiiade  inipcnnejible,  as  in  Ihr 
case  of  the  no-called  "  ])ntenl  leather,"  tlio  latter  oHlw-  tsnnol  lie  p«t- 
formed,  Tli:it  the  pprfpiratitm  of  the  foot  is  gix'en  off  through  thr 
biMit,  in  Mtffieiently  proved  by  the  cbinipneR!!  am)  didl  .-ipiHtiramverthf 
katber  of  a  well-poli^bed  biKit  after  Im If  a  dny'ti  ennfinemenl  in* 
rubber  overi*hoe.  Altluiugb  jK-rniudile  to  thiw  ext«-nl,  IiuiIht  i^  ^ufiici• 
entJy  wat<'rj>roof  for  oixlinarj-  use,  and  may  be  made  more  so  tiv  t!w 
extrrii:d  appliailioii  of  gn«se. 

Fur. — Fur  as  an  article  nf  cb)tliing  presents  the  gr«>ol  udvaiil^f.'r  a( 
iM)|H.Tine»l>ility  to  wind  with  ibnt  of  verj-  low  heat  eondiiel ivily.  Ant 
in  greatest  part  to  the  large  volume  of  air  rcliiined  Ix-twi-cn  llir  lair«. 
\o  othei'  kind  of  material  is  comparaUe  ae  a  jmitectitiu  against  vind 
and  cold. 

Ffltt. — Feltn  are  made  from  the  hairs  of  variout:  aniinal>>,  Inil  lb» 
bi'st,  vueh  as  are  usctj  for  h.it--",  lM>lh  .soil  and  stiff  (the  IVrby,  forci- 
ample),  are  made  from  the  hairs  of  the  cony,  TIh-v  an-  muik-  witbtiut 
weaving,  the  biiir>  Ix-iiig  Mown  against  a  revolving,  perfomted.  mrtnllif 
cone  of  large  sire,  oonni-ele»l  with  an  exhauiit  blower.  AVbcn  n  lliio 
<vi[iiing  ha.-«  fomw-d,  a  jet  of  stenni  is  ilirei^ted  against  the  cone,  and  thfii 
the  felt  in  it'-  firfl  stage  !:« --tripiK-d  off  in  a  eoUivnl  ma.-s,  1k-W  topili''' 
by  the  minute  imbrications  on  the  individual  hain<.  By  meansnf  fu^ 
thiT  pniee.-se-i  of  Mnaniing  and  steejiing,  the  mass  is  redQoed  tu  si«'i>i"' 
increased  in  wall  thickness  through  ^hrinkagi-. 

Adolteration  of  Olothing^. 

Fabrics  arc  much  snbjcet  to  iidnllcration  by  itdinixtiire  of  fil>»f»  ^ 
lower  value,  a-  of  eotton  or  shoddy  to  wool,  and  by  stardi  ami  raiw**' 
matters  to  give  weight.  Many  of  the  ehea|x^t  of  eoltoii  fidirii-^  »f*  ■* 
heavily  siwd  that  »  single  wa-liing  will  convert  a  stiff,  ap|«tol"l' 
elose-woven  piece  of  gwidH  into  a  wortlilc^A,  coarae,  flimsy  matrnl  ^ 
only  for  sie^'w. 
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Ohemical  analysis  of  fabrics  is  not  always  to  be  relied  upoo, 
although  fibers  of  vegetable  origin  behave  very  differently  from  those 
from  the  animal  world ;  and  any  attempt  on  the  part  of  an  inexpe- 
rienced person  to  determine  the  percentage  of  different  kinds  of  fiber 
in  a  mixture  is  sure  to  lead  him  to  two  conclusions,  oamelyj  that  be  has 
waited  his  time,  and  that  much  of  what  has  been  written  concerning 
the  behavior  of  differeut  fibers  when  treated  with  strong  chemicals  is 
remarkable  only  for  its  small  measure  of  truth. 

Uicroacopicai  ezaminatiDii  is  a  far  simpler  and  much  more  satis- 
factory method  of  determining  the  composition  of  a  fabric.  A  few 
threads,  teased  apart  and  examined  with  a  moderately  high  power,  will 
reveal  the  nature  of  the  fibers  and  yield  approximately  accurate  quan- 
titative results.  Shoddy  commonly  shows  fibers  of  wool  of  different 
shades  of  color,  but  this  finding  is  by  no  means  to  be  accepted  as  con- 
clusive evidence  that  a  specimen  of  fabric  under  examination  is  shoddy, 
since  only  plain  goods  of  a  solid  color  yield  filxjrs  all  of  one  shade. 
But  if  the  fibers  show  abrnpt  changes  in  diameter  and  partial  obliter- 
ation of  the  imbrications,  it  may  be  safely  concluded  that  the  s]>ecinicn 
b  shoddy,  since  fresh  wool  is  fairly  regular  in  diameter  and  shows 
sharply  marked  imbrications. 

PoisoiLOiia  Dyes. — In  the  dyeing  of  tcxtili^s  and  other  articles  of 
clothing,  a  great  variety  of  substances  of  vegetable  and  mineral  origin 
are  used,  and  many  of  them  have  been  known  to  produce  serious 
results.  Among  them  may  be  mentioned  potassium  dichromate,  zinc 
chloride,  comjwunds  of  arsenic  and  antimony,  and  c«^'rtain  of  the 
anilins.  An  outbreak  of  34  cases  of  acute  dermatitis,  occurring  among 
a  number  of  workmen  who  had  just  donned  new  overcoats,  is  reported 
by  Taunton,'  On  the  first  wet  day,  when  the  coats  were  worn,  the 
wrists,  where  they  came  in  contact  with  the  edges  of  the  wet  sleeves, 
became  inflamed.  In  1  case,  the  1<^  were  similarly  affeoteii,  the 
trousers  being  wet  and  rubbed  against  by  the  skirt.  In  3  cases,  the 
arms  were  affected.  On  soaking  the  cloth  in  water,  it  yielded  free 
zinc  chloride. 

According  to  U.  S.  Consul  Hughes,  of  Cobur^,  in  a  communication 
to  the  De[>artment  of  State,  under  date  of  April  23,  1901,  Dr.  Adolph 
Jolles  hiLH  demonstrated  before  the  Vienna  Medical  Society  the  hiirm- 
ful  effects  of  wearing  ]H«rl.^n»y  silk  stockings,  colored  by  rei>cated 
haths  in  a  solution  of  zinc  chloride.  It  was  shown  tluit  a  large  amount 
of  the  salt  was  present  in  the  finished  goods  when  packed  for  the 
market,  and  that  the  (Linger  therefrom  by  al>sor|iti"n  was  very  great. 

A  serious  case  nf  jMiisoning  by  anilin  black  is  (juoted  liy  Oirtaz,* 
from  a  report  of  Landouzy  ami  Brounrdel  to  tlic  Academy  of  Medicine 
of  Paris.  A  child  of  seventeen  months  became  suddenly  unetuisoious 
and  ap|iarently  asphyxiated,  and,  although  restore*!,  rpmaino<l  very  ill 
for  forty-eight  hours.  Then  the  brotlier  of  the  child  and  a  nnml)er  of 
other  children  were  seijted  in  the  same  way.  All  nf  tlic  victims  wore 
shoes  which  gave  off  a  peculiar  |»enetnitiiig  oihir,  and  wen'  fi>und  to 
'  Lancet,  Dei«tuber  G,  18B8.  '  L«  Xaluro,  Augiiai  4,  1900. 

4fl 


wa 


PEBSOSAL  HYGIESB. 


kftve  bt^n  dyed  with  niitlin  lilitek.  Aniiniil  cxpcnnMrntntion  [itovrI 
tluit  »bM>r)vtti)ii  <if  tliis  by  tlio  akin  Ih  thvnrcd  Ity  lunt  sixl  moii^ltiTv, 
which  cnnOitioiis  ant  piVM-iit  in  a  lightly  luoil  A\*.f,  hik)  nuiy  bring 
:i))(iul  iilurnilioii  of  thf  IiIikmI  corpiL'tcloi  uiid  ^•'iihyxtu. 

Aoolhor  ojiM'  i"^  n-porl*-*!  by  Bcswii,'  <'f  ii  cbilii  of  mx  yran-,  wlw. 
nf^cT  wmnii);  u  ]uiir  of  now  i^biKK  dunng  the  lorcDuuti  while  at  |>)nv, 
kefnmf  culd  und  in'uiKi^il  in  itu-  iitU-rniHiii,  Ixii  wiu^  rrlievod  by  hni 
and  titimiduuts  within  twenty-funr  boiir^  Tlio  jAu»»  Itad  btrii  ]vil> 
i.-bi'd  willi  H  pro|»nttii>n  wbioh  biHl  a  diiitinclly  naiiM^titing  odur,  ami 
cuntiiiiii^l  91   |wr  cent.  t>f  iiniliii. 

I^iirent  and  Giiiilomin"  report  still  anntber,  in  which  six  chitJim, 
all  of  one  family,  wi-n-  ih'imkI,  iiftcr  uiiiriitg  m-w  cImh*  ayunx  wWli  ilw 
auilin  polish  had  not  complctvly  dm'd,  with  fiud<leii  ^ymptomh  "f 
pitAoning,  wbioh  inchidcd  jmllor  of  iIh-  fan-,  bbiitib  disonlomtixn  nf  iV 
lipri  and  nailK,  <liliitt'<I  pupiW,  hunhifbc,  vi-rtigo,  albiiiniiiiiriii,  irrtii 
mnwular  weakncKa,  slow  plilw,  xligbl  w>nvuUive  niovi-niejils,  aikI 
Diioon^-ioiiMi<':v>.      KecMivcry  iRViiiTL'd  in  from  one  to  ibw  doj-s. 

It  is  uuniuumly  ItoUeved  that  ai-senio  in  dywl  and  printnl  texlilii'is 
pres(-nt  as  an  luN'idcntiii  impurity  of  \iiriuuf  anilinti,  tail  tlii»  \*  liir  ftixn 
ht-itif;  the  truth,  sincr  white  arsenic  itwlf  is  used  in  tievcnd  prixTr""-?  Inr 
the  jiiirp)S(>  oftKldin^  lirilliiuKV  In  the  rolom.  Thnn,  in  tbi>  ^(i-rallnl 
aiveiiite  of  aluniintini  prcK-ei's,  the  dye,  (lis»ulved  in  ucettr  ariti  or  wii1«t. 
i^  niixKl  with  atx-tnte  of  ahmiinnni  and  white  arseuie  in  glyeerin,  anil 
llic  utixtun-  u  employed  in  printing;  the  pattern ;  next,  tlH-  jiriiit«l 
fabrie  is  Hiibjeeti-d  to  mnt>1  lu-iit,  and  the  anilin,  in  ei<nil>inu(it)ti  "itii 
tlie  urH-nilo  of  iilumiiiiim  formed,  w  (ixiil  in  (lie  liltcr.-i  in  an  uiMiluUf 
form. 
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pri 
of  ti-xtili'."  have  already  Iwcn  piven  in  H>me  detail,  anil  furtlier  cm- 
aidenitioii  of  imderclotbing  and  outer  garments,  bcj-oud  a  «"r»l  "^ 
catiiion  agaiiiJ-t  unnecvsKiirj'  wetplit  wf  <-lorhing  and  tindiu'  eiMwlHf 
tioii  <if  any  jMirl  of  the  l«)dy  It,  tliorefore,  urmew-sHin-.  In  tk 
matter  of  eonslrietton.  no  |iait  of  the  human  IkmIv  is  so  hIminO 
ar  the  foot,  esjH'cially  that  of  woman.  IJooti^i,  ^bo07f,  and  "tin^tiii);* 
8lioi]]il  fit  the  foot,  ami  there  should  he  no  sueh  thing  as  the  nicv'Df 
wliieb  many  pwiple  expoet  ns  a  mutter  of  oourx-  in  the  prcxw*  '" 
'■  bn-aking  in."  The  ti>e  should  Im-  neitlier  jMiinted  m-r  ent  wjunn-.siw 
the  whole  cole  I'bould  fotl'nv  the  niitund  outline  of  (be  fool,  Tlw  ^" 
should  projeet  a  rciisouable  dis^Umi-e  from  the  upper,  in  onU-r  topw 
firniiT  Mippoii  untl  iuereUHOil  protttitiou  to  the  soft  )iart«  from  reotsd 
with  loose  F<toni«  and  other  obji-ets.  'Y\w  IkvU  slmuhl  Im'  lnw  ■■" 
brood.  High  h<*l.i  are  worn,  not  for  oomlbn  in  walking,  hnt  I"  !"• 
ct>-&r*^  the  height  of  the  b<j<ly  and  diminish  the  ap]iiin-nt  lenjiib  "'"  ^ 
foot.     For  puqxjsos  of  sueiM'ssfiil  deception,  they  lake  about  «nial  w'> 

<  Journal  dot  Rricncv  Di&luslen  dc  Lilli:,  1901,  No.  IIX 
'Journal  dw  Piwciwi'S  Mnri'li  2.  1001. 
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with  hair  dyes  and  artificiiil  complexions.  Their  use  conduces  to 
wtsiknewH  of  the  arch,  atrophy  of  the  nmiiclcs  of  the  leg,  and  a  variety 
of  other  ahuormaiities.  The  heel  of  the  foot  i^liould  tit  snugly  in  its 
place  witliin  the  shoe,  but  the  toes  should  have  sufficieut  room  for 
freedom  of  rooveraent,  yet  not  enough  to  cause  chafing  and  excoriations. 
Tlie  upper  should  fit  snugly,  but  not  too  tightly,  al)out  the  ankle  and 
over  the  instep ;  otherwiae,  the  foot  will  drive  forward  and  cramp  the 
toes. 


CHAPTER    XVI. 


VACCINATION  AND  OTHER  PREVENTn'E 

INOCULATIONS. 

Prior  to  the  duwovorj-  ut  vucci  nation  by  Jcnnw,  inwsrd  tlie  i 
of  tlie  ciglitefnlh  pfiilnry,  >4nial1]>o\  was  out-  of  tLo  jiriucipal  f^-'mi^wl 
of  the  wiirlil.      It    killi'il,  on  im  itvi-nj^;;!-,   nt-jirly  liiili'  tt  milliou  i)v>j|i!e  i 
in  Eui'ojM?  alone,  :iiid  alwiit  oaix  in   three  ye:ir«  nus  niore  tlmn  nrai*J 
iwirily  ffcvi'i-i'.     In   Kngliind,  (Jemiany,   Franw,  Swedon,    and   all 
countries  of  Eurojjo,   tlic  yearly  niortulily   liiuii   isiiuill|*ox   wju«  uImhiIJ 
Iwo  th<»nsiind  jw-r  million   inhnbitanlK     More  tliaii  half  llie  caw*  of 
blindness  tlinMt|;liiHit    KMrojH'  were  iillributiJ  m  tin-  tllM^iM.',  ami  abiiut ' 
::i  clunl  of  the  population   i^Jiowed  iu  their  lac«6  ex'ideuces  of  having 
hiul  it. 

It  vfas  well  knou-n  that  tliose  «*ho  recoveretl  enjm'cd  protection  from 
rtniiTcniT  nf  thi- ilisca.-i-,  ami  oiiW(jni-ntly  il   iuid  lonp  bf«i  tlu'  prac-^ 
tioE-  to  proihice  ioimnnity  by  enuring  llie  <li«'jiise  iolcntioniiily  by  inucn^H 
liition  wiii'U  it  jHWiilltil  in  a  inoditii'd  form,  favorable  to  recovay. 
Knr  more  tlmn  n  thouf^and  year:^,  the  ChineN>  aud  otlwr  Katlern  people  h 
IiikI   |iriMlti(i.'<l   tli(-  di.-«»;H-  by  blowing  dfiKl  iiinall{tox  nuiit<T  iu  pow-^ 
dt-rttl  form  ioln  tlie  noetril^     The  diwmen'  thai   the  inoculation  "f 
niinci'iai  fnini  a  !<[iui1I[k>x   ptLsmle  wii»  nion-  cerlnin  and   quirk  iu  iu 
rcsultt  led  to  the  nidwpri-atl    praetiet  of  iiiociilutioii.      Thi»  «ii*  Kyu 
iu   England  in   1721,  and    towai-d   the  c-jid   of  the  centitrj'  w^a= 
ployeii  vi-ry  cxtonifivcly  ;  and  even  utier  the  diwovei-y  of  Uk'  1»cIM*-(1«-i 
results  of  vaei  illation,  was  prnetiHcd  to  a  certain  extent,  imtJI,  in  I 
il  w:i»  jinilubiu.ll  liv  law. 

The  first  i-ucceiist'ul  vaeeinatiou  was  performed  by  Betijiimin  J«s^, 
Dorw-ttthire  fnriiHT,  wlio   inoctilatetl  tii.4  wife  and  t«o  sons  froni  t 
teats  of  cows   ufllieted  with   eowpo.v.      The   inocniHtion  was  Mter»«^l. 
in  all  liirfc  kim's,  allhr>ugh  the  wife  had  a  tuidly  inHamed  arm.      I'iir 
tecu  ywin^  later,  the  two  sons  were  inoculated  with  «nall{H>x,  but  n-illi 
iug  reunited.     It  in  naid  that   Heini'  liad  note<I  ae  enrly  as  \7GA  (li 
tile   uiTiilentjll     inoc-ulation    of    eowpox    wui^    followctl     In-    pninll{Mi: 
immunity.     Tlie  praetice  of  vaecinritiou   ip,    however,  due  to  the  worl 
of   .leiim-r,   who,  on    May    1-1,    1"!I6.    [lerforined    hi»   tir^t    sueei^'fi 
opi-nition.     After  some  veiy  tti-onjt  opposjnoii,  iutellif^iit  [n-ople  Inpi 
to  adopt  the  pntcltcv,  and  the  unwltieatwl  ola6i«ti  U-gan  to  fall  jfradnal 
into  Mm'.     TIw  prnctioo  wa»  adopted  i»  AuR-rioi,  Fnintv,  (lermany. 
and,  in  fact,  the  entire  eivHIizeil  world,  ai>d  evervwhere  proved  to  lie  • 
thegrtatcAt  ba-nefit.    In  1802,  the  En|;liisli  I*flrlinmi-nt  awnnlcd  Jt-on< 
'  Nothnngel'*  Speciclt«  pHihiiUixu:  iinil  Tlii'ni)ii«,  IV.,  H.  £. 
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4,000  pounds  sterling,  and  later,  a  still  larger  grant  was  made.  But 
the  pioneer,  Jesty,  was  not  lost  sight  of,  and  in  1805  he  was  the 
honored  guest  of  the  Jennerian  Society. 

The  practice  was  introduced  into  this  country  by  Dr.  Benjamin 
Waterhouse,  Professor  of  Physick  in  Harvard  University,  who,  on 
July  8,  1800,  vaccinated  hLs  seven  children,  with  six  positive  results. 
About  the  same  time  it  was  introduced  into  Philadelphia  by  John 
Redman  Coxe,  who  vaccinated  his  eldest  child  and  then  exposed  him 
to  smallpox  without  result.  In  Boston,  in  August,  1802,  19  boys 
were  vaccinated  successfully  at  a  temporary  hospital  on  Noddle  Island 
(now  East  Boston),  and  in  November,  these  and  one  other,  who  had 
been  vaccinated  two  years  previously,  were  inoculatetl  with  smallpox, 
but  in  no  case  was  the  disease  produced.  Two  unvaccinated  boys  were 
inoculated  at  the  same  time,  and  both  developed  the  disease.  In  1806, 
Thomas  Jefferson,  who  was  the  first  to  introduce  the  practice  in  the 
South,  wrote  to  Jenner :  "  You  have  erased  from  the  calendar  of  human 
afRictions  one  of  its  greatest.  Yours  is  the  comfortable  reflection  that 
mankind  can  never  forget  that  you  have  lived.  Future  nations  will 
know  by  history  alone  tliat  the  loathsome  smallpox  has  existed,  and  by 
you  has  been  extirpated." 

The  beneficent  results  of  the  introduction  of  vaccination  into  this 
countrj'  are  well  shown  by  a  comiiarison  of  the  conditions  obtaining  in 
the  early  part  of  the  eighteenth  century  and  in  the  corresponding  period 
of  the  nineteenth  in  Boston.  In  1721,  Boston,  with  a  population  of 
about  1 1,000,  had  r),989  cases  of  smallpox  with  850  deaths.  In  17;J0, 
in  a  population  of  ubi)ut  15,000,  there  were  about  4,000  cases  with 
.■JOO  deaths;  but  between  1811  and  1830,  in  a  very  much  larger  popu- 
lation, there  were  hut  14  cases  of  the  disease. 

In  London,  during  the  thinj  quarter  of  the  seventeenth  century,  the 
average  annual  mortality  from  smalljiox  jx;r  nn'llion  was  4,000.  A 
hundnnl  years  Inter,  between  1770  and  1780,  it  was  more  than  5,000; 
in  the  fir^t  years  of  vaccination,  it  was  more  than  2,000 ;  by  the  mid- 
dle of  the  nineteenth  century  it  fell  to  about  500,  and  in  the  last  decade 
of  the  century,  to  loss  than  75.  In  the  whole  of  England,  during  the 
peroid  of  optional  vaccination,  the  mortality-rate  fell  from  about  2,000 
to  417,  and  after  Ihe  practice  was  made  eompulsorj-  in  1850,  it  fell  to 
6:i.  In  -Vugust,  1898,  the  "conscientiously  believes"  clause  was  en- 
acted in  deferents  t<)  the  anti-vaccinationists,  and  by  December  .11, 
230,1,47  ix>rsons  were  exempti'd.  The  result  of  this  modification  of 
the  law  has  recently  been  shown  in  extensive  epidemics  in  I^ondon 
and  elsewhere. 

In  Sweden,  where  verj-  accurate  reconls  have  been  kept  since  1774, 
the  average  mortality  per  million  of  population,  between  1774  and  1801, 
was  2,045.  During  the  years  of  optional  vaccination,  1802-1816, 
it  fell  to  480.  lu  1817,  when  vaccination  was  made  obligatory,  the 
rate  b<^n  to  fall  still  lower,  and  up  to  1893  the  average  mortality  was 
155.  During  the  la.st  nine  yesirs  of  this  |>eri(>d,  under  more  stringent 
regulations,  it  was  never  more  than  5,  and  in  «me  year  it  was  as  low  as  0.2. 
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III  Pnii!«ia,  iliiring  i\w  jipriocl  of  nptiunal  vamiiatiitD,  tliv  tnurtalitr 
rat€  fell  from  more  llum  2,000  to  itltniit  ^iOO.  During  tlit-  Kniiiri» 
]*i-it!vinn  Wnr,  iIiltc  Wi-rc-  amoni;  the  niiilion  well-vawiiiatwl  Gpmiiiii 
trtMi}i«  but  4-'){t  tkaths,  wliili-  in  \\\f  Htuallcr,  iiii|>iTri-<-lly  viicrimitiij 
Kri'iK'h  armv  tlu'w  wore  no  ItBB  tliati  '2.1,400.  ISa-twtvn  1H74.  when  vac- 
ciiijirion  vm.>  mu<k-  uliligntofy,  and  li^lMi,  iht-rc  wa>  hut  otti-  dciith  t'naii 
small|>ox  in  th«  whole  German  aniiy.  In  I)^!I9,  tbc  total  <)(«lliii  in. 
2J*'>  tjivrman  citirw  and  towns,  with  a  ]Hipu1ati(iii  of  iMwrlj'  1  t»,0<>0,()fMI, 
aiii'xiiiictl  Ui  fiiily  4.  In  tlic  winn;  \var,  in  Fninw,  wImtv  vuociuiitioii 
in  not  iinivcrsiil,  lh(^n<  were  600  deaths  in  \\<&  comimiuitiefi  with  a 
puHulnliuii  of  K,;J0n,O0O. 

In  Austria,  Hiuigarj-,  and  I^'l^ium,  where  tJte  iirartjee  is  mil  rp- ' 
qiiinil,  the  dcjith-nitt-s  wt're,  in  1S8*>,  niH|ifK;iiv<'ly  81,  6H7,  and  -IS  limr.- 
that  whit'h  ■•IiluiiRil  in  fJt-niiaity.     In  Spain,  when.-.  h1m>,  the  giiwli'V 
!■.  <>{>lioauI,  ihi-  ih-:iili-niii-  in  >\\  [iroviiHi-s,  in  ItlWt,  wils  12,050  prr 
million  ui^iiwr  ono  of  4  |ht  million  in  Gcrmnny. 

In  Denmark,  where  vaccination  wiu)  made  obligatory  iu  1816,  ni>l  a 
single  raw  was  known  up  to  1S26. 

In  I'firto  Rtc'i,  hefore  iHp  SjuiniiOi  War,  the  iinniinl  mortality  fwm 
»«ni:ill|iox  wa.-<  iilxiiit  1)00;  hut  mihx-  iIm- whiiU-KiiU' viiii-iiuiti^m  hy  llir 
Unitt-d  f>tutef-  authiiriticH,  the  diwiai^e  liua  viiHadly  diMi|>iHurL-d. 

In  all  countrio:*  vrhm.*  viux-inntion  luts  at  diflm'iit  )MTi<i<bs  Ik«) 
optioiud  and  then  riL'([uired,  a  n-nuirkahli'  drop  ltn»  oiviirrMi  Uiih  in 
morhidtty-  and  muita lily-rait^,  and  thone  iMiinim«  in  which,  1>>-d»v. 
viioiMniitii)n  in  not  oonipnUnn',  siiflV-r  |HTiudieiil  viwtation*  of  the  ih" 
eu.tc  and  lose  thousand!*  of  livea.  In  18)4!),  for  ioslanoe,  the  dratli* 
ntv  from  smallpox  in  S|Kiiii  wiic  ntnrly  m  f^'ut  aif  ohtjiinwl  a  rvnllttx 
beforx'  in  the  principal  countries  of  Eun^)e,  while  iu  the  winw  Vtar,  ia 
CTeniiHiiy,  the  di>t;i.-*e  u'»h  |inu-ti<-ally  nonH-3ci.-<ienl.  In  i-'niiMT,  in  llin 
t Will ty-five  years  from  1870  to  1895,  more  than  20,000  p<«pU' liitd 
fn>in  ."inidlpox  in  Part^  nlon<-,  the  epideinies  of  1871  an<l  1872  Uing 
^xoeptioiialiy  severe  ami  fatal.  Xo  epidemic  hax  utnirmi  in  OvRiaioy 
since  1871.  when  the  dis(.>ii8e  wan  brought  in  by  Freneli  prii«iiiens 
■llhongll  II  few  H^iitlerwl  «ih>«   hiive  upptnn-d  iHva.'ioiiiilly. 

In  Kpite  of  the  renuiikable   tt^limony  enrnvming  the  value  of  \'ac- 
ninatioii   in  luukinf;  a  nirity  of  wluil    v,vi»  onoe  on<-  nf  tlie  pritic^iial 
«conr^,  tliepc  are  in  tliis  ix>iintr>'  and  in  others  where  laws  eiMuiWhi'^ 
vaeeiiuilion  have  lui-n  rnnc-iiil,  nnnnTOUH  mingiiided  iiHlividiinU  «'li« 
hand  thcmsilvcj'  together  into  a iiti-Viicvi nation  logue*  ami  alti'mjil  ti> 
cniile  a  iwpnlar  aniat;<>niH)i   to    the  praflietf  and  I-i  etUvt  rr'pi'iil"f 
exit<tint;    laws.      In    Miif^hind,   as    liiw    lain    noted,    iln-y    havi-  '■o*Ji 
juiriially  .<uoccssfiil  in  compelling  the  [lassage  of  a  Ibm'  which  vj*a\^ 
parents  who  have  "ednseionliiniM  .■«tiij)I(-*  "  ngainni   luiviiig  tliwrHii!- 
drei)   vae(rinat)-d.      In    pmgres-ivi-  Jajiian,  where  the  governmrUt  l* 
d<i'iile<i  to  comjM-I  \'aeeination  alW  the  ape  of  ten  niontlis  ami  fv»^ 
cination  at  the  age  uf  aix  and  again  at  twdvc,  the  Anti-v(iociunt>«ii^ 
is  unknown. 

The  loUowing  table  shows*   llw  xinalliwx  mortality  of  UtP  fvs-M 
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countries  named,  in  which  vaccination  is  either  not  compulsory  or  im-i 
perfectly  performed,  as  compared  with  that  of  Germany,  which  in  each 
year  is  represented  by  1  : 


IMS. 

France 

Holland 

8 
24 
34 

67 
158 

"i 

IBM. 

isat. 

ISK. 

■HIT. 

1«98. 

IN*. 

96 

3 

17 

25 

lOH 

19 

23 

16 

4 

42 

261 

201 

1,176 

123 

22 

231 

132 

26 

177 

247 

121 

67 

146 

2S 

57 

21 

86 

174 

640 

81 

147 

7 

& 

■    -    P 

1 

1 

1 

1 

1 

1 

It  cannot  be  chiinicd  that  vaccination  confers  absolute  immunity 
against  smallpox,  but  it  is  true  that  those  who  have  been  vaccinated 
and  then  acquire  the  disease  have  it  in  a  much  milder  form  and  are 
more  likely  to  recover  than  those  who  have  not  IxKn  vaccinated.  In- 
vestigation of  11,036  cases  of  smallpox  in  England  showed  that,  for 
unviicoinatcd  and  vaccinated  cases,  the  rat«fl  of  mortality  were  respec- 
tively 3(>.G  and  5.2  per  cent.,  and  that  for  all  aines  in  uhtldroo  under 
ten,  (berates  were  rt,'8i)ectively  36.2  and  2.7  percent.  Among  those 
stricken  during  the  epidemic  at  Warrington,  England,  in  1891—92, 
21,8  per  cent,  of  the  cases  in  vaccinated  pers()n8  were  confluent,  while 
among  the  nnvaccinated  cases,  the  pen«ntage  was  70.fi.  In  the  Shef- 
field epidemic  of  1887-88,  1.55  per  cent,  of  vaccinated  and  9,7  of 
nnvaccinated  persons  were  attacked.  Among  the  former,  the  death-rate 
was  0.7,  and  among  the  latter,  48  per  thousand.  Among  children 
under  ten,  the  rate  of  attack  was  5  and  101  per  thousand,  respectively, 
for  vaccinated  and  nnvaccinated,  and  the  death-rate  was  0.09  and  44. 

The  protection  conferred  by  vaccination  is  greatest  during  tlie  year 
succeeding  the  operation,  and  ai>peflr3  to  diminish  gradually  during  the 
succeeding  five  or  six  years ;  but  the  modifying  power  docs  not  di- 
minish equally  fast.  The  protective  influence  can  be  reestablished  by 
a  repetition  of  the  operation,  and  during  epidemics,  or  when  abont  to 
vi.^it  countries  where  vaccination  is  not  practised  and  smallpox  is 
«udemic,  revaccination  is  always  advisable.  If  the  oi>eration  is  negative 
in  its  results,  the  individual  is  regarded  as  immune  or  partially  pro- 
tected; but  in  the  case  of  a  first  vaccination,  it  is  customary  to  re|)eat 
the  operation  until  success  is  attained.  In  most  civilized  countries, 
vaccination  is  not  postjioned  until  an  outbreak  of  smallpox  occurs, 
but    is  attended  to  in  the  first  few  months  of  life. 

Successful  primarj-  vaccination  within  three  days  after  exposure  to 
existing  cases  of  sni;illp<)x  will  prevent  the  development  of  the  disease, 
and  as  late  as  the  fifth  or  sixth  <luy  will  either  prevent  or  modify  an 
attack.  This  fact  ha.*  been  utilized  in  many  cases  where  i*malli>ox  has 
broken  out  among  unprotected  |)oople  with  a  pn)s|>ect  of  imlimitcd 
apread,  and  has  been  the  means  of  ending  epidemics  with  some  sud- 
denness. Thus,  for  example,  at  Gloucester,  England,  in  189-'),  after 
eight  years  of  praclical  abandonment  of  compulsorj-  vaccination,  that 
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18  to  «iy,  of  ncglpct  on  tlw;  [Mtrt  of  llw  iiiitlioi-itic*  to  «iiforw  tho  law, 
an  qiiik-aiiv  of  Mtiullpox  iMx-urrMl  in  what  was  |)nicti«illy  iin  ucvai- 
oinalt-cl  tvnnnmnity.  TIk-  t-MSCs  inrreiLSOcI  at  sxwh  a  rate  lltiit  f;nul 
alann  wuk  felt  iind  pxtfiivivv  muuiin-n  were  txikcu  for  p^'iivral  X'acrtm- 
tiiwi.  Id  the  ol'ininjf  w(«kA  of  189S,  ;ll  cuf*-*  iKvurrwi.  In  •Intiiiarr. 
28  more  vn-xv  n■\n>v\^.■<^.  In  Fobruarj,  Uic  imnilKT  iiicrt-astil  «»«ldfnl_v 
to  \AQ,  nn<l  during  >Iarch,  to  044.  Toward  tbi'  Ust  of  llial  mntitii, 
tilt  ttntlioriticN  gitvc  dirit-tioiw  for  iiifont^nivot  uf  chu  Liw,  »iid  work 
vraii  Ih-'kuh;  hm  duriii);  ihu  following  month,  no  \ees  tlian  744  rsat» 
mvnrn-tl.  Ihiring  the  liotdnvH  of  April, n  oonimittpc  nrKlrrliwik  gi-nrml 
viu-Tination  uf  the  cily,  tind  within  ii  verj'  ft-w  days,  e\vr\  houai-  had 
Ixt-n  vittitod  ;  by  the  end  of  Juni-,  the  eity  IdkI  Inicii  (titivvrtn)  fronii 
pnicttcally  iiiiviKvinatvd  i-ily  to  the  he»t  viicciimtcd  iu  tli«  votintrr. 
Nearly  Sli,01K)  pcrooui^  were  operated  iijxni ;  the  epidemic  lM>giii)  at 
onot  to  dwiine,  and  Ix-foiv  Aiipi.^l  hud  dtmipiHiiix-d.  Nt-arly  JiiO  pi-r- 
flons,  however,  had  die<3,  and  1,B(HI  otiiers  who  Hinived,  Wre  lii' 
WMWJ  Inoling  cvidcnw  of  the  dixqi.se  in  their  fmics'. 

Afi  Filiuwiii);  the  influence  of  re vatvi nation,  tW  following  figitn* 
fivni  a  .-tiidy  of  the  Miui.-ticij  of  the  Shelti<-ld  cpidende  nre  pmentcd: 

Kate*  of  MUck  per  l,WI  pcnoiu. 

PenODH  not  vai^cinaU'd      .    .  M 

Panoii*  (inm  vacdiuiu-d        ...  .19 

—^         Penoiw  ivii*  i-»ci-iiutii>l  .   .  .       .       .    .    S 

B  tiHith-rUis  l<0(  IjDW  fwnnnc. 

Purwri"  niit  vuwinMMl h\ 

IVnniu  •miX'  iiii'i.'iiiii<i.il 1 

Prroiiiii  lni•,1^  MuriniiHiJ > 0.08 

Similar  facts  are  yiehk-d  l>y  inv«iti(aition  of  ntl  cpidrmitv  wh«'i» 
theiv  i^  a  large  cla«s  of  \'neeinal(tl  an<l  another  of  iniva<irinaii^l 
persouf',  and  yet  anli-vtitvinatioQiMt*  Mill  a^ttate  an<)  find  KyiiijHiihdii- 
listMien*  to  thdr  ar;;tunenti'.  One  of  their  fiivoriie  elwirmfi  in  ilwt 
viieeination  not.  only  has  had  nothing  to  do  with  the  decline  in  the 
amount  of  f-miillpox,  hut,  on  the  cmilnm*,  pvi>x  riiM.>  to  other  ili*«w< 
It  in,  indtitl,  tnie  that  sj-phiUs  haii  been  eonvcyed  from  one  to  Hiwlbr 
tlirijii^h  thi'  pnieti'v  of  vnceiimli"!),  hni  iiI  llic  pri'^cnl  time  the  diiDprr 
IH  pi^i-iicilly  ti'V,  ^iol.y.■  anii-to-arni  vaccination  har-  fallen  into  diMlO'l 
lint  while  the  nnn-l<<-iu'm  ]inteti<r  war>  contiinie<l,  tlH-n-  were  tmiioioual 
instance-;  of  gmve  injury.  Thiiif.  Mime  ycnre  iiinci-,  it  haj>p^n(<fl  iImI  a 
eoinptiny  of  French  inlimtiy,  prior  to  Iteing  sent  to  AlgiiTi^,  wa* 
vatfinatcd  by  the  arni-to.arm  iiieihod,  and  vw^-  nuiny  of  ]X\t  tuen 
were  ilic-rehy  inoeiihiled  with  »-ypliilU. 

Piin^ti*  are  yniav.  to  atierihc  to  vaccinnlioit  ovm*  dislnrlmm'  wliidi 
II  child  may  p-iifTer,  |>aflic«ilnrly  if  then>  bo  any  cntaneuii^  eniption. 
Sometimes  n  v»>ioiilsr  or  pustular  ra.-h  may  (x-ciir  and  >«|irtiid  fnini  ihr 
raiviiialitl  arm  to  otlx-r  |mrt»  of  ihc  body  :  «)metim*»,  eryiiR'ljp'  hih! 
Vtlier  infivlioni<  occur  at  the  point  of  vaeein.ition  ;  but  these  an-  »» 
more  likely  to  o<?cur  a.t  a  n«ult  of  vnednation  llinii  of  any  otlx-r  iiiit- 
fcrcneu  with  the  integrity  of  the  <ikiu.     Pereone  uf  dirt}-  habits,  livini; 


OTBER  PREVENTIVE  INOCULATIONS.  729 

in  unclean  sniroundinga,  are  more  likely  than  others  to  siifTcr  from 
ulceration  of  the  ve-sicle  and  from  other  local  disturbances  not  due  to 
the  influence  of  the  virus  itself.  At  the  present  time,  instead  of  using 
cnisfrt  and  arm-to-arni  vaccination,  lymph  is  ccdlecttHi  on  the  sixth  day 
after  iuoculation  of  the  calf,  and  is  mixed  with  water  and  glycerin  and 
stored  in  small  vials  with  all  antiseptic  precimtions,  or  drj'  points  are 
employed.  The  glycerin  not  only  does  not  injure  the  lymph,  but,  ou 
the  contrarj',  a])pcara  to  increase  its  [>ower.  The  yield  of  lymph  from 
one  calf  is  sufficient  to  prepare  sufficient  glyeerinated  lymph  for  at 
least  4,000  vaccinations. 

In  revaccination,  if  the  individual  has  become  again  wholly  sus- 
ceptible, the  local  manife:^tations  occur  earlier  than  in  the  primary  vac- 
cination, and  the  general  symptoms  are  usually  much  more  marked. 

Other  Preventive  Inocnlationa. 

It  was  nearly  one  hundred  years  after  the  first  operation  of  vaccina- 
tion by  Jenner  before  any  progress  was  made  toward  the  conferring  of 
imnmnity  from  other  diseases  through  similar  means.  In  1880,  Pas- 
teur discovered  accidentally  that  chickens  could  be  rendered  immune  to 
chicken  cholera  by  preventive  inoculiition,  and  it  was  this  work  which 
led  Haffkine,  in  1890,  fa*  the  discovery  of  preventive  inoculation  for 
Asiatic  Cholera.  He  finit  experimented  on  himself,  and  then  made 
70,000  injections  on  40,000  people  in  India  within  a  period  of  two 
years.  By  inoculating  only  a  part  of  any  given  [lopulatiou  where 
cholera  «as  raging,  he  was  sure  of  a  control  by  which  be  could  judge 
of  the  value  of  the  ivork.  The  rate  of  attack  among  those  inoculated 
fell  to  about  oue-twcutieth,  and  the  mortality  in  alnnit  the  same  propor- 
tion. Preventive  inoculation  lias  I>een  tried  very  extensively,  and 
geneniUy  with  at  least  fair  results. 

It  is  to  Hatfkinc  also  that  the  prophylactic  treatment  for  Bubonic 
Flagn^S  i-"*  due.  He  discovered  that  immunity  could  be  attjiined  by 
injecting  sterilized  cultures  of  the  specific  bacilli  (treated  at  70°  C.  for 
an  hour  or  longer).  While  the  treatment  confers  some  degree  of 
immunity,  the  duration  thereof  is  very  uncertain  :  it  may  be  twti  days 
or  '^.'veral  months.  Calniette,  of  the  Pasteur  Institute  of  Lille,  has 
eallc<l  attention  to  the  fact  that  inoculation  of  |x;rsons  in  whom  the 
infection  is  already  present  in  the  incubative  stage  will  hasten  the 
iippesimnce  of  the  disease  and  conduce  to  a  fatal  result.  Heuee  the 
prophylactic  should  be  used  only  in  those  who  have  not  yet  In-en  ex- 
[M).'icd  to  direct  infection,  but  who  may  subsequently  be  so  exposes!. 

According  to  :i  report  of  the  Plague  ('ommis.^ioners  in  India,  of 
4,2!I6  persons  inoculated  once,  only  4o  contracted  the  disease,  and  of 
3,387  inoculated  twice,  2  were  seized.  Fifteen  of  the  former  and 
one  of  the  latter  die<l.  At  the  same  time,  among  the  non-intMrulated 
pers<ms,  no  less  than  657  per  thousand  died  in  a  single  week  (the  third 
week  in  Septcmlwr,  1899).  At  Kirkee  (India)  the  plague  broke  out 
in  a   small  camp;    671   persons  were  inoculated  and  859  were  left 
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iinprotivteil.  Thirty-two  a\se«  oc-piim^l  unioiig  llie  inoculated  and  143 
aiiimi^  the  [iniiKH-iilattfl.  T!i<'  moi'Iality  among  tW  iiniettlalHl  wa« 
'2.0a,  aud  nmun;;  ibc  iiniiioftiLiIti),  1 1. 10,  |ht  cvitt.  In  unntiiLT  uimp, 
324  pcTMinii  were  inoculated  and  .'lOO  Ipft  unprotected.  Fourteen  ca«* 
(HX'iinrd  nnioTifr  tlit-  ni)iTi<j<-iil)it<i1  ami  rioiif  omoii^  lltnite  ))rt4€«1cd. 

I*'rfnii  I'urllH'r  (^tatijiticii  which  (leinoiistnitf  the  valuo  of  the  trtat- 
nifiil,  ihi-  loUdwing  nmy  lie  ijiKitttl :  In  the  Iliinikiy  I'nwiilnK-y.  in  om- 
coiiinmnity,  aniung  '■ilio  [icnson*  whi*  wen-  inwubled  there  were  13 
taseit  nitb  r{  deaths,  while  among  413  not  inoculated,  then-  w«re  4A 
VMtK-it  with  38  ili'nths.  In  luiothcr  wniinnnity  (hrrc  were  7  tleatli^ 
sniiing  ■'),1H4  imK-iilatL-d,  und  177  among  ^,14<i  not  inotrulnted.  At 
Ijiui'twli,  iiinong  '-H^  who  weiv  imu'iiluttil,  thtir  wi-n-  14  ohhw  with 
7  lieuth'',  and  among  377  not  in<x-u1ai«d,  7>li  cusai  vith  o8  deatbic 

In)niiiuit\'  Appears  to  be  prolonged  by  a  ><t>ct>nd  inoi^ilation  nilliin 
t*ii  days  of  the  fir^t,  of  h  )i>liown  by  the  following  figum^ ;  At  Sliawar, 
among  o,l»14  ptTsons  not  in(ienbil<-<),  thi-rt'  woii'  Ho"  easit.  with  7-W 
tbitths :  .•iTiiiiiig  '>,7]2  who  were  iii(>i^iil!itt><l  but  oncv.  there  were  6ft 
atnes  with  :il  deaths;  but  among  ''I.IH'J  who  were  inoculated  tirioe^ 
th«Ti*  were  only  9  cww*  vritli  ■'>  di<utbi<. 

I'rior  to  the  diseoverj'  of  the  Ilalfkine  prophyladie,  Yersio's  aati- 
jKwt  serum,  which  Ix  ihe  ordy  known  niiuHly  lor  I  hi-  rnre  uf  thv  r|iH«n]>«', 
wu"  einploytd  as  ;in  immunizing  agi'itt,  but  the  duRition  of  immunity 
was  found  I'arely  to  exeeed  two  wi-ck^,  ami  bt-noe  the  trcntiiuoit  niusl 
bo  re|>ciil4il  r-very  foiirtwii  days  in  onler  to  iiiituri-  prolcctioD.  It  a 
ehiiiucd  by  C'almette  th.-it  the  ncrum  confer.i  an  immunity,  <'<Tliiin  iind 
eflw-tive,  ulmoi^t  imnwdialely  after  the  injeelion  ;  thut  the  iiijecliiin  is 
not  painful  and  is  never  liamiful ;  and  tlmt  the  seram,  pmnorly  f»r^- 
]uiri.il,  rctiuns  it;;  fwwi-r  alniiw  iniletiultcly.  On  the  trther  liaud.  the 
aiHad\'anIagw  are  the  short  duration  of  immunity,  the  great  cost  of 
jiriHlnelion,  ihi.'  dillit-ullv  of  i>bl;iiniiig  a  suppiv  sullieicnt  for  tlie 
re[)eat<.'d  treatment  of  entire  |)opii]ation>',  aud  the  dil1ie:idtA'  of  iudnoing 
the  niitiv4-H  to  ^iihniit  vvi-u  ouce  lo  thi-  0]H-ni(ion.  It  laki'-'i  fnim  «rvcli 
inontlis  to  a  year  to  immunize  a  horse  to  the  point  that  liis  »mm 
acquirefi  preventive  an»l  oiirntive  properties,  and  many  of  the  hiirs<s» 
ilic  l)cfori-  the  pro<'i>»  of  immunimtlon  is  complctwl.  Aoeording 
to  Assi-ttant  Surgeon-tJenerat  (in^nk-af,'  protective  inoculation  by 
nxun*  of  ihi-  Yersiii  MTUm  is  not  prjicti<:iii  for  ihe  following  mis<*ns : 
The  enormous  plant  neressarj*  for  Uie  production  of  the  material ;  the 
lai^  M-orking  force  neei-SKnry  for  cundiicliug  the  imxidalioiiK;  ttio 
op[K>sition  of  the  [)c«iplv  to  the  treatment ;  and  the  sliorl  duration  of 
the  Ix-netit  eonfeiT«i. 

ll")!!!  llic  Yi>n»in  wnim  and  ihc  ITafrkine  pnjpJiylncliv  are  veni- 
nn|)opular  with  the  natives  of  India.  The  Hindoo**  suspect  that  the 
materials  are  of  animal  origin,  and  the  injwlion  of  sttdt  nuitlers  into 
lilt"  l»ody  nmstitut'-s  an  offence  againi^t  their  religion. 

In  spite  of  the  disadvantages  of  iln-  imploymi-nl  of  the  Wrsin  wTUm, 
its  Ua«  is  advocatifl  by  Calmette  on  infected  sbijts,  in  hospitalfi^  aiul  with 
■  Circukn  oa  Tropiol  Ui»s»m.  No.  .1,  M>i>il>,  P.  t,  Mbj-.  IDOl. 
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those  coming  in  contact  with  the  merchandise  of  infected  ships  and 
with  the  sick 

Preventive  scrum  treatment  for  protection  of  children  in  institutions 
against  Dipbtberia  has  been  extensively  practised,  but  the  immunity 
thus  conferred  is  very  transient,  lasting  but  three  weeks.  In  a  chil- 
dren's hospital  in  which  an  outbreak  of  diphtheria  occurred,  Lohr ' 
immunized  460  inmuteH,  and  the  epidemic  was  checked,  no  cases  occur- 
Tinfr  within  three  weeks  of  the  operation.  I^atcr  on,  a  few  cases 
occurred,  which  illustrated  the  temporary  nature  of  the  immunity.  Of 
99  cases  of  measles  treated  because  of  the  special  danger  of  diphtherial 
supervention,  not  one  was  attacked. 

Recently,  preventive  inoculation  against  Typhoid  Fever  has  been 
practised  extensively  upon  soldiers  bound  for  South  Africa,  India,  and 
other  countries,  but  as  yet  the  rejiorts  of  results  are  somewhat  meager 
and  contratlictory.  Among  the  favorable  rci>oits  the  following  may  be 
cited  :  Xottcr  has  reported  that,  in  India,  among  2,83''>  men  treated, 
27  cases  occurred  with  5  deaths,  against  213  cases  and  23  deaths 
among  8,460  not  treated.  Wright^  reports  that  of  ll,2y.'j  men  of  the 
British  Indian  army  under  observation  for  nine  months,  O.!)o  per 
cent,  of  those  inoculated  (2,835),  and  2,50  per  cent,  of  those  non-inocu- 
lat<«l  (8,460)  ac<|tiiretl  the  disease.  Of  a  smaller  number  of  susceptible 
jiersons,  Wright'  reports  that  1  in  77  of  the  inoculated  (541)  and  1  in 
4  of  the  non-inoculated  (114)  were  seized. 

In  the  beleaguered  garrison  of  Ladysmith,  South  Africa,  there  was 
much  typhoid  fever.  Of  the  total  force,  1,705  wore  inoculated,  and 
suffered  to  the  extent  of  1  in  48.7  (35  cas&s),  while  10,529  were  not  so 
treated,  and  suffered  to  the  extent  of  1  in  7.07  (1,489  easas). 

The  subject  of  protective  inoculation,  except  so  far  as  it  relates  to 
smallpox,  is  as  yet  in  its  infancy,  but,  at  the  same  time,  is  one  of  the 
most  promising  fields  of  scientific  research. 

'  Jahrbuch  fiir  Kinilerlieitk unite  und  ph^^HiDchc  Eniehung,  Sept.,  1806,  XLIIL, 
Mo.  1. 

<  Biilinh  Medical  Journal,  Jflnuary  20,  1900.  ■  Ibidem,  October  26,  1901, 
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QUARANTINE. 

Qt'ARASTiNE  is  a  term  of  wide  Mpoificatioii.  Dcrivwl  from  tht 
French  ifuaranlf,  forty,  its  original  niciinii)|£  list]  reference  to  the  unin- 
IxT  of  <Juyn'  iJ(.'U-iitiiiii  to  wliicli  vewel*  ami  tlicir  personnel,  nTriviiig 
from  plucc«  in1ect«Hi  or  8us|>ect«l  of  being  infected  with  the  plague, 
wen.'  ^iilijivlf-d  ill  (ilaw's  fvt  ii[>itrt.  fur  fhc  |uir|ii»<-,  ti>  iii»im'  Hgiiin-Ft  iKc 
itilrtxliietimi  of  the  <li8ea!«e  into  tlie  eonniry  or  jxirt  of  arrival. 

Tlii>  iiiiUAl  ih<tiniiinn.«  nf  the  term  whieli,  in  a  u>m[Hic<ite  fonn,  may 
be  iiivcn  a*,  "The  onforewl  ileteiitinn  of  vessels,  their  [)cr>ODnpl,  and 
cargoes,  arriving  from  infeoted  port-<,  or  having,  or  l»eii:^  supposed  to 
have,  i-ai'tvi  of  wrtnin  iiilW^tions  diKiwtw  mi  [((■iLnl,  and  iiitenliciion  Ice 
a  fixed  jteriod  of  time  of  all  eommnnieatioii  iherewilli,"  are  wholly  in- 
iitlccjnnt*'  under  pri'Sent  condition)*.  Fur  more  aecnmte  and  compro- 
heu»ivc  is  that  given  by  Dr.  Walter  Wyman,  U.  S.  P.  H,  aod 
M.-II.  S. :  "  The  adiijtituii  uf  nwlrietive  miiwiire.''  lo  pn-vcnl  tlw  iiitnv 
diietiim  of  dlMit-es  from  one  eoiuitry  or  loeality  into  another,"  for  ibe 
original  meaning  in  now  <)nil«?  lost.  Ttnliiy,  we  8]>eak  of  ]xirt  <|naraii- 
tiue,  latid,  iuterRlale,  railroad,  municipal,  house,  and  rootp  quarantine. 
Kestrii^ive  mi^fi.tiin's  are  not  adoptcti  solely  agciin»t  human  <liH4T]UM^ 
but  ali^o  agjin?it  tho^e  of  the  lower  animaU  (cattle  quamutitMr),  and 
even  of  ec-rtaiii  friiili*  and  other  imjKinaiit  entps. 

Tile  tieee^ity  of  rei^trtetive  m«i»iin«  in  c-ertain  caKtt  has  long  been 
recognized  ;  in  fact,  in  the  ea»e  of  lq>ra<)y,  from  earliest  times.  .The 
lirnt  vnouliDeiil  providing  for  llie  dcfeiitioii  and  ii"ilattou  of  Int^'ellerE 
from  infected  plaees  dat»-B  l>ack  to  the  fifteenth  year  of  the  Kntpemr 
JiiMiiiiiin  (a.  D.  '^ii),  l>i>(  i|iiiinuilti)i.'  in  ilie  tiitMlern  .>4.-iii>e  hud  itx 
origin  in  tlic  fourteenth  centurj-  in  Italy,  where,  ou  account  of  the 
mvagi!!)  of  tlic  plague,  local  aulhorirtcii  iit  dillercnt  timi^  adoph-d  ptf 
veiitive  mea»iire»^.  Thus,  FloretMx-  and  Veni<i^  in  1348  ;  LombardvT 
ia74;  Milan,  l:i!ta. 

The  fir>t  nuirilime  •|iitirintinc  was  institntol,  in  1403,  at  VeHicc 
A  laxaret,  the  hoiuie  of  St.  I^azarut-,  u'a^  founded  on  a  small  Idand, 
and  all  [K-nnonit  from  the  Ix-vunt  vntc  then;  detained  for  forly  day» 
iM-forc  admiirsion  to  (he  city.  The  restrictive  mea^urn?  enforced  at 
Mediterran«-an  |M>rt-<  and  et.<-when>,  wi-n>  (iir  many  viTim,  nikd  at  miute 
{■liinv  now  arc,  unmnwiiahle,  Itar^h,  ui^elesii,  u»d  a  gnat  injury  to 
trade.  Mo6t  of  the  leading  c<>uiilrie.-i  have,  for  a  long  tim«^,  been 
Mrongly  opposed  to  the  opprewive,  ariiitran*,  and  imitionid  ([uaniD* 
tine  measureK,  and  have  now  adopted  rules  and  regulations,  which, 
while  eflvetive  aa  fur  tm  can  be  hoi>od  for  or  ejcp^eteil,  ini|Hiw  the  Icntt 
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possible  rcstfictioDS  upon  personal  liberty  and  trade.  The  danger  is 
estimated  according  to  the  condition  of  health  of  the  port  of  dcjtar- 
ture,  and  tliis,  with  the  sanitary  history  of  the  vessel,  up  to  the  time 
of  arrival,  determines  what  measures,  if  any,  are  to  be  taken. 

The  i>eriods  of  detention  are  fixed  with  reference  to  the  probable  in- 
cubiitive  i>eriod  of  the  disease  in  questioa,  and  questions  of  necessity 
of  disinfection,  and  of  methods  to  be  followed  in  carrying  out  tlie  same, 
arc  determined  by  the  circumstances  of  each  individual  case.  Quar- 
anthics  administered  with  reason  do  invaluable  work  in  sitUng  out 
infc<:tion  and  protecting  the  public  health  from  exotic  diseases,  which, 
in  the  absence  of  precautionary  measures,  might  easily  gain  aecc^ss. 
At  the  same  time,  they  act  in  restraint  of  trude  to  the  slightest  jiossible 
extent,  since  uninfected  vessels  are  not  unnecesrtarily  detained. 

Unfortunately,  not  all  quarantines  are  administered  with  reason, 
and  it  often  hapjiens  that  grait  injustice  and  unnecessary  ex)x;n8e  are 
caused  by  absurdly  tenacious  adherence  to  csplodwl  theories  and  routine 
practi<!e.  As  an  example,  may  be  cited  tiie  case  of  the  Hdene,  a  (jcp- 
mau  vesi^el,  which,  arriving  in  an  English  jiort  in  August,  1893,  with 
two  cases  of  cholera,  was  disinfected  and  given  fi-ee  pratique;  nine 
months  lat^'r,  she  was  refused  pratique  at  a  South  American  ]>()rt, 
because  in  Kngland  she  had  not  been  held  fur  a  definite  j>eriod  at  quar- 
antine. As  an  example  of  quarantine  absurdity  of  a  minor  character, 
but  indicative  of  what  might  be  imposed  in  case  opjwrtunity  presented 
itself,  may  be  cite<l  an  ex[»erience  with  the  munici]ial  authorities  at  a 
Southern  port,  who  required  thorough  disinfection  of  a  barrel  of  car- 
bolic acid  before  it  was  allowed  to  be  landed- 
Far  more  and  almost  incredibly  absurd  is  the  following  instance :  On 
November  ;t,  18911,  the  steamship  Cubo  Mackioluico,  laden  in  part  with 
dynamite,  blew  up  at  her  dock  at  Santander,  Spain,  aff«r  having  been 
on  fire  for  some  hours.  The  burning  eairgo  was  thrown  about  in  all 
directions  and  started  a  general  conflagration.  It  happened  that  the 
entire  fire  department  was,  at  the  time  of  the  explosion,  engaged  in 
attempting  to  overcome  the  fire  Riging  in  the  ship's  bold,  and  in  the 
explosion  Wiis  completely  wrecked.  Word  was  sent  to  Bilbao,  and  aid 
was  ui^ntly  rwjuested.  Two  st«amshii»s  were  sent  with  fire  ongines, 
fin^men,  surgeons,  nurses,  laborers,  and  others,  and  arrived  in  six 
hours.  The  provisional  governor  refused  to  |)ormit  the  vessels  to  <l(>ck 
anil  disehai^  the  much-needed  ap|)aratus  and  other  aid,  becjiuse  quar- 
antine had  not  been  observed,  and  he  insisted  that  they  should  comply 
with  the  regulations,  which  would  involve  several  days'  detention  out- 
side the  harbor.  It  was  several  hours  iR'fore  a  way  was  found  to 
overcome  the  strict  inter|)retation  of  the  rules. 

Tiie  first  action  taken  by  any  oiHcial  organization  in  this  country 
looking  to  the  establishment  of  a  uniform  system  of  quarantine  regu- 
lations was  at  a  conference  of  bojirds  of  hwdtli  at  Philadelphia  in  ISrj", 
called  on  account  of  the  excitement  caused  by  the  breaking  out  of  yellow 
fever  at  Bay  Ilidge  in  the  previi)us  year  ;  but  in  spite  of  this  and  other 
attempts,  the  various  quanuitiues  of  the  country  were  administered 
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with  iif>  iiniforniity  until  afti-r  tito  |niMi|^-  i>f  the  Art  of  Febriiarj-  15, 
IS!t:i,  untitlfHl  "  An  A<-t  gniiiling  atMiiiitiuiI  <|iiiiniiitine  (hiwit^  nrnl 
ini[K>!'iiif^  HiltlitionnI  dtitivs  ii]hui  tin-  Murim-  H'ciiitiil  Si-rviw."  This 
act  t'HtaWiflicd  a  national  systein  of  iinaraiiiiiM^,  but  in  an  way  Itmitvil 
^Htc  mill  innniri|i:il  uutlurritlitf  ■»  tiK-ir  rif;lil  lo  pn-nmlK^  uml  vnlnra 
aiMitintiiil  nicai^nivi ;  iinil,  imlcett,  It  in  l>eyon<l  the  )M>wer  at'  tV>nfnW8 
to  inU-rfciT  willi  lixvil  tmlborilii,i<  .■«>  long  o^  lliv  miuiiuum  ix-i|uirvnivDta 
of  tbc  luitioual  luw  an-  (^un)|ilii'(l  witli. 


Quarantine  Law  of  1693. 

Sralion  1  makpH  it  unlawful  for  a  vn»M>l  frniii  a  forcifrn  port  to  mitr 
any  |»ort  of  the  I'nit'fl  Stnt*-'*.  rxri-pi  in  mniinbuiw  with  tlw?  pmvisioiw 
uf  thtr  act  and  with  wifih  rules  an<l  n^uUtinn.H  of  Suito  or  nittmnjnl 
faraltl)  uiitlioritio  mii<)t'  in  iini-xiunioc  of  nr  atuviHt^iit  llK-rewilh,  uiiiln' 
[K.-nally  of  not  {-xoci-diii^  $'5,O0U. 

8cwlion  2  |ii'i)vi(lcs  ihat  a  vi-ii8cl  nt  ii  forcifru  p»rt,  rli'itring  for  Biy 
jHirt  in  the  Uiiit<il  Stat^v,  Filiull  obtain  from  tlu>  ounvnlar  or  mttliin] 
oflii-ir  of  tlio  l^nitcil  Statoii  at  that  pinoc  a  bill  of  hamlth  in  thiplirati', 
in  th(;  form  prcsorilx-il  by  the  Suca-tiiiy  of  tJio  Trwifiin-,  wrttJnp  fortli 
its  eanitary  hi^ion-  and  (<on<]jtion,  and  that  it  baH  Himpliixl  witJi  iIk 
rnlw  nnil  n-^iiliitioii--<  ]HT'wril)c«l  fi)r  wfuritig  tin-  U*t  Miiulnry  wimli- 
tion  <if  till-  vi's>*<.'l  ami  itt>  i-jii^"),  iiafwt'iijjcr-,  an<l  civvr.  Pcniilly  I't-r 
dtwring  imd  .Hniling  wilhoiit  miHi  Uil  of  hailtli  and  wit<-rin(;  any  [«n1 
of  the  Uniti'd  Stalcii,  not  exceeding  JJi.OOO.  By  an  anicndiiu-nl 
nf>|iroved  August  IS,  ISO-l,  it  iw  pnividi-d  ihnt  the  provbiions  of  this 
B«.-tioii  shall  not  ap]ily  to  vcwwIh  {'lying  Ix'twfcn  lorc^i  (Kirl*  oii  i.r 
n«ir  thf  frontiers  of  ihi^  Unitifl  S(iif«  and  ]Hirls  of  th<>  ['iiid^l  Stjiiw 
adjacent  th(rn>t<i.  Bnt  the  fxcn-tary  of  ihc  Trtiyiury  is  authorixMl, 
when,  in  liix  iliritrrolion,  it  is  fXjNtlifiit  for  tfav  prv^cn'iitiuii  nf  the 
public  hciilth,  to  i*t!vljlifh  rt^iilutii'ii"  ptvcrniiig  xiicb  vc3^^>L>. 

S'ction  '.i  dirfvtw  t\w  Siipi'r\-iniiijj;  Surjp  on -General  of  ll>c  U.  8. 
Pulili<-  Hi^dlh  and  MiiritK-IIospitul  S<'rviri-  to  ciHijx-ntlc  with  and  . tit] 
State  and  municipal  liiMinU'  of  btnaltli  in  the  execution  and  enfopeetutut 
of  tUv.  ml«*  and  rvgnlntiun«  of  snoih  iKiimbt  and  of  ihoac  niodr  hy  (l» 
Si-eretan'  id'  the  Tiviisurj-  to  prevent  tlic  introdnction  of  runtugiotiH  or 
infi'ctioui-  (lisfa.ics  inio  the  I'liifiil  StiilCM  and  into  one  State,  Territory, 
<)r  the  District  of  (.'olnndiiti  from  nnotluT. 

h  provides  that  all  rule-*  and  regiiUitions  made  by  the  Secretiiiy  uf 
the  'Ireatiiiiy  ttliall  <)[>erate  iinifomily  and  in  no  manner  diM-riniinate 
against  port  or  place.  Where  no  Slale  or  mnuici{»l  (|nnmutine  rcfjo- 
liition^  exist,  and  in  the  opinion  of  lln-  Sccn-tarj'  of  ll»c  Treasnn^  »«■ 
necessary  to  pivvent  (be  intriHlncliou  of  j^nch  disinH-n,  and  where 
ctisting  regulations  are  in  his  opinion  insntlicient,  he  cludl  make  •^leJi 
itdiHtioiml  nj\en  an<)  rc^thitionn  n«  he  tnay  d<>ein  neoeitftary,  and  thvv 
shall  be  enforci^l  by  the  nwpective  Minitfini'  aiithoriti<«^ ;  failing  whidi, 
the  Pri'i«idcut  shall  execute  and  onfon-c  the  same  and  adopt  wich  ni«»- 
uns  as  in   bin  judgniuot  nrv  neoeiwnry,  and    may  di*tail  or  apifnnt 
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offieent  for  tbat  purpose.  The  Secretary  of  tbe  Treasury  shall  make 
such  rules  and  regulations  »h  are  necessary  to  be  observed  by  vessels 
at  the  jMirt.  of  departure  and  on  the  voyage,  to  secure  the  best  sanitary 
condition  of  themselves,  their  cargoes,  passengers,  and  crews. 

Section  4  makes  it  iiicninbcnt  on  the  Sujjcrvising  Surgeon-General 
to  [)erfomi  all  the  duties  in  respect  to  quarantine  and  quarantine  regu- 
lations, and  to  obtain  infommtion  through  consular  officers  of  the  sani- 
tary condition  of  foreign  ports  and  places  from  which  contjigious  and 
infections  diseases  are  or  may  be  inqwrted  into  the  United  Stjitea.  The 
Secretary  of  the  Treasury  is  retjuired  to  obtain  thnmgh  all  available 
sources,  inclnding  State  and  municipal  sanitary  authorities  throughout 
the  United  States,  weekly  reports  of  the  sanitary  condition  of  ports 
and  places  within  the  United  States,  to  transmit  to  collectors  of  cus- 
toms and  to  State  and  municipal  health  oHiceni  and  other  sanitarians 
weekly  abstracts  of  the  consular  sauitarv  rejiorts  and  other  pertinent 
information  received  by  him,  to  procure,  through  all  available  sources, 
public  or  private,  information  relating  to  climatic  and  other  conditions 
affecting  the  public  health,  and  to  make  an  annual  report  to  Congi-ess, 
with  such  recommendations  as  he  may  deem  important  to  the  public 
interests. 

Section  5  provides  for  the  issuance  from  time  to  time  to  tbe  United 
States  consular  and  medical  officers  at  the  various  foreign  |>orts,  of  the 
rules  and  r^ilations  made  bv  the  Secretary  of  the  Treasury  to  be 
used  and  complied  with  by  vessels  in  foreign  ports  for  securing  the 
best  sanitary  conditions  before  dcjmrture  for  the  United  States,  and  in 
course  of  the  voyage,  and  of  all  other  rules  and  regulations  as  shall  l>e 
observed  in  inspection  on  arrival  at  any  quarantine  station  and  for  dis- 
infection and  isolation,  and  treatment  of  cargo  and  persons  on  board,  so 
as  to  prevent  the  intnxluction  of  cholera,  yellow  fever,  and  other  con- 
tagious or  infectious  diseases.  No  vessel  shall  enter  a  port  or  dis- 
char^  its  cargo  or  land  its  pas.sengers  except  upon  a  certificate  of  the 
health  officer  at  such  quarantine  station  that  the  mles  and  r^ulations 
have  in  all  respects  been  observed  and  complied  with  both  by  him  and 
by  the  master  in  rcsiwct  to  the  vessel  and  its  cargo,  passengers,  and 
crew.  The  master  is  required  to  deliver  to  the  collector  with  the 
other  papers  of  the  vessel,  tbe  bills  of  health  obtained  at  the  port  of 
dejiarture  and  the  certificate  above  mentioned. 

Section  6  provides  that  on  the  arrival  of  an  infected  vessel  at  any 
port  not  provided  with  pntper  facilities  for  treatment,  the  ves.sel  shall 
be  remanded  at  its  own  cx|)cnsc  to  the  nearest  natiouiil  or  other  quar- 
antine station  where  accommodations  and  appliances  are  jirovidcd  f<ir 
the  necessary  disinfection  and  treatment  of  vessel,  passengers,  imd 
cargo.  After  treatment  of  such  vessel  and  after  certification  by  the 
United  States  quarantine  officer  that  vessel,  cai^,  and  iwissengers  are 
free  from  infectious  disease  or  danger  of  earrj'ing  the  same,  th<?  vesseJ 
ehall  be  admitted  to  entry  at  any  port  of  the  United  States  named  in 
the  certificate.     But  at  ports  where  sufficient  quarantine  provision  has 
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bcrn  made  by  Stat«  or  local  ntitlioritie^,  tbe  S^crrtary  of  the  Treasiny 
niny  direct  tlie  undtri^ing  of  (juaraiitiiu-  nt  Mail)  .itatinn. 

•Si'C-liuii  7  provider  tluit  wlicnevi'r  thv  I'rt'n^idvMl  is  sutulicvl  that  by 
reason  of  the  cxiht<*Dc<}  of  ohnlera  or  other  infectious  difWAdM  in  « 
fitrcTKu  (.iiimtry  (Ikti-  in  wrioiis  ilnnpT  of  the  inlnHliK-lioi)  wf  lb*-  «nnp 
into  the  United  SimpfS,  and  thiii  notwithstandinjj  the  quarantine  defeDw 
tlii>  ditii^-r  ii<  M>  iiicri'aM.i)  liy  tlic  iiilriMliK-tion  uf  pt*r«)iLH  <ir  pm^xTtv 
from  eiR-h  country  tlint  a  i^uiijjeiuiion  oi'  the  ri^ht  to  iatrodtice  the  moc 
U  d«nmndcd  in  the  inU^rcMt  of  ihc  ptiblio  hisililt,  lie  ."Imll  liavr  (•owfr  in 
proliiljtt,  iu  whole  nr  in  |Mirt,  tlie  introduction  of  persons  ami  property 
from  siicb  countries  or  jilrtrt-.-*  as  lie  may  di^igiiate,  «ik1  fur  nut-h  [ktiijiI 
«f  tiuio  iL*  he  may  deem  nwesnan.'. 

Sectioni^  S  and  St  are  of  no  sanit-iry  interest. 

In  iwv»rilun<H'  with  the  pmvision?  of  thi«  net,  certain  rulvs  and  irgo* 
lationt-  to  be  ohservetl  at  foreign  jwils  and  at  =ea  an<I  at  pnri-  ainl  oo 
the  fnmlifi'!*  of  ih<-  L'niled  State."  liiive  \kv»  adopii-^l  utid  itiiK-ti<U->l  ami 
added  to  iis  occasion  ha»  made  il  necessary  or  advisable.  Tbuw  rules 
are  subject  to  ver\'  mtiioriul  niiiditicutions  or  additions,  hitst^I  on  a  wider 
kiiiiHlcilp'  of  tlie  caiiscj-  of  disease.  m<Hlcs  of  infertion.  etc.,  and  tlias 
what  may  be  bw  ti^lny  may  In*  sii[H'r--«edcd  tonmrrow.  Thus  the  very 
stronge-'t  rcgidations  witli  regard  to  yellow  fever,  which  were  tnade 
lx?fore  the  method  of  its  dissemination  was  known,  and  with  ihe 
idea  lliat  infectiun  could  he  convcycil  by  fomilc^  nieiX'ttutMli!^-,  Iwg- 
ga^,  etc.,  will  undoubtedly  be  ehangeil  completely  in  confiequenee  of 
the  iliscovcri',  by  Recti  and  liii^  associates,  that  infection  cannot  thus  lie 
cci|]%-eywi  II  is  only  rca-onrd)^',  in  view  of  their  wwrk,  iJiat  tptarau- 
tine  restrictions  n|>on  iMi.'Sscnscrs  and  car({iicj'  fivjm  tion-iiifwtt*!  ports 
should  be  very  (rreotly  modified,  and  that,  in  each  instanoe  of  veiseL" 
from  infected  jKin",  ibe  ineubnlivc  [Hri'nl  uf  the  diswiw,  the  |Hf«iliility 
of  tilt"  jirwenee  of  infected  mosquitoe,-  on  IxKinl,  and  the  lenfrtb  of  time 
n  iuos<)uito  rcfjnircs  for  iIk-  noipiin-nient  of  ditn^-rons  iimiteilii^  >houL'i 
be  kept  in  mind.  Recti  liclieves  tliat  a  vessel  ut  an  inftx-t«l  ptirl  con 
be  loiiiKil  in  mid^tn^iin  by  lighters,  and  can  then  beeome  infot^ed  only 
by  ]>ersons  who  have  iK'en  cx|mscd  on  shore,  since  the  pn>l«ibility  of 
imwipiitfN-fi  reaobinj.'  tlie  ship  bv  flinng  or  bv  liijbiers  is  verv  slight. 
If,  then,  a  vessel  thus  loaih-il  arrives  at  its  4le>linaliiin  fr>f  from  di.>- 
saw,  the  nnn-immunes  abmrd  should  be  quarautinnl  Dot  longer  than 
five  days,  hikI  the  time  mnsnnii'd  by  the  voyage  shtmlil  lie  inehidii^  iu 
this  ]>eriotI.  The  c:ii^  may  be  allowed  to  !«■  tliscliarjptl  wiilvout  Irrsit- 
bent  or  (U-liiy.  But  if  the  iii.-«^isc  should  oeeur  while  Ulween  ports, 
Wke  sick  should  be  removed,  the  sleeping  qmirlcrs  disinfcilcl  with 
sulphur  dioxide  in  order  to  dFstmy  all  mosquitoes,  and  tbeo  ibe  veffid 
»hotihl  Ik*  idltiwwl  to  ilock.  I'ndcr  some  ctrcimistanoe.s  it  inay  he 
neces?^'  to  fumigate  the  hold,  for  mmwinitoes  may  be  tbert^  in  an 
active  eondilion  ;  idtbough,  unk'^«  llicy  Iiave  awi-ss  to  moi'luri'.  they 
will  not  live  longer  tlian  live  or  six  flays.  Ro^nau  Itas  kept  tlieni 
alive  in  trnnk.-)  for  ten  daya  and  longer,  but  mraMure  was  provkled. 

irinoM(uitocfl  are  found  oo  board  a  vessel  Irom  nn  infMtcd  port,  the 
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non-imm lines  should  be  detained,  unlesa  more  than  twenty  days  have 
ulready  elapsed  since  clearing.  Thin  period  will  be  sufficient  to  demon- 
strate the  presence  of  infection  in  the  mosquitoes,  by  the  occurrence  of 
cases  during  the  voyage.  If  more  than  twenty  days  have  elapsed,  there 
can  be  no  danger,  and  neither  passengers  nor  cargo  should  be  detained. 

Since  the  publication  of  Reed's  results  and  views,  many  cases  have 
been  cited  in  the  medical  press  in  opposition  to  the  view  that  the  dis- 
ease cannot  be  spread  by  baggage,  fomites,  and  cargoes,  but  in  no 
instance  which  has  thus  far  fallen  under  the  author's  observ'ation  can 
the  mosquito  be  ignored.  Indeed,  in  many  of  the  cases,  the  disease 
has  broken  out,  after  an  uneventful  voyage  and  the  formalities  of 
<)Uarantine,  in  places  where  the  specific  yellow  fever  mosquito  is  known 
to  be  indigenous.  In  some  cases,  mention  is  made  of  the  fact  that,  in 
spite  of  the  very  numerous  mosquitoes  present  where  a  case  of  the  dis- 
ease has  been  brougiit,  no  extension  of  the  fever  has  lieen  j>roduced ; 
but  it  is  not  stated  that  the  mosquitoes  were  Slcffomyia  faeciafa,  which 
is  a  vital  point  in  the  ailment. 

In  view  of  the  probable  e.ttensive  changes  in  the  rules,  it  is  deemed 
best  not  to  reproduce  here  existing  rules  in  exteiiso,  but  advise  one  to 
apply,  as  occasion  arises,  to  the  Tmsury  Department  for  a  printed  copy 
thereof. 

As  they  stand  at  present,  the  Relations  prescribe  forms  for  bills 
of  health,  methods  of  inspection  of  passengers,  crew,  baggage,  cargo, 
food  and  water  supplies,  and  of  the  vessel  itself;  requirements  as  to 
cleanliness  of  vessels,  and  as  to  ventilation ;  nictho<ls  of  disposal  of 
bedding;  location  and  arrangement  of  the  "sick  bay";  what  may  not 
be  taken  on  board  at  ports  infected  with  certain  diseases;  what  must 
be  disinfected,  and  how;  what  persons  may  not  be  shipped,  and 
periods  of  detention  according  to  the  nature  of  the  disease  to  which 
they  have  been  exposed;  and  general  and  particular  rules  ta  apply  in 
certain  cases.  The  regulations  prescribe,  also,  requirements  as  to  clean- 
liness and  ventilation  at  sea ;  isolation  of  the  sick ;  disinfection  and 
disposal  of  the  dead  ;  and  give  in  detail  the  methods  to  be  followed  in 
disinfection  of  all  parts  of  a  ship,  of  various  kinds  of  cargoes,  and  of 
personal  effects. 

The  regulations  to  he  obser\'ed  at  ports  and  on  the  frontiers  of  the 
United  States  provide  for  the  establishment  of  quarantine  stations  at 
or  convenient  to  the  principal  ports  of  the  country,  and  prescril>e 
methods  of  inspection  according  to  the  circumstances  of  each  case,  as, 
for  instance,  for  vessels  from  liealthy  or  infected  pi)rts,  and  for  vessels 
suspected  of  being  infected  with  plague  or  yellow  fever.  Quaran- 
tinable  diseases  are  named  as  follows:  cholera  and  el lolerine,  yellow 
fever,  smallpox,  typhus,  leprosy,  and  plague;  and  rules  are  laid  down 
for  the  government  of  vessels  on  which  any  of  these  di.sea'ies  have 
occurred  during  the  voyage,  and  for  the  trciitment  an<l  detention  of 
passengers,  crew,  bafi^ge,  and  cargo. 

Following  the  passage  of  the  quiinintino  law  of  1893  and  the 
promulgation  of  the   regulations   made    in  accordance   thcrewitli,  at 
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many  portj^  the  quarantine  service  was  (■urrctMleiwl  voluntarily  to  iho 
n»tiiiniil  p>vcriiiurtit,  itiul  iit  i^itlicrii  it  wn."  tukeu  over  by  the  KUDoao- 
thurity,  because  of  non-com ptiuncQ  with  llic  n-Kuliiti<>n».     At   iitbt-t«, 
the  regulatittu.-*  Imvc.  U-vn  it(tn[ite<l  and  efficiently  eiiforced  by  the  local 
untlioriiio,  but  these  ami  all  otliem  «it  iiiKiK-iiwi  ttinilMrly  by 
Public    Health  ami    Marine-IIoi-pital   Seniee,  to  iuMire  effick-ncj- 
ii(l[iiiiii.->lr]iti<>u  uiiii   corrfutiun  of   fanlw  in   oivtluid^  and   deiects 
iipplianceti. 

In  1^00,  there  wen-  in  the  United  Statco  no  ]eas  th»n  120  qaan 
tim-  and  itispection  ^tationti.  of  which  number,  81  were  mi  the  Atlanlte 
eiKist,  17  on  llie   I'iieitie  eoii.it,  and  22  on  the  Onlf  of  Jlexico.      Tbey 
vary,  naturally,  very  widely  in  iinporlanec  ami  ix]ui[>tmiii,  ilie  ninM 
Lm)Kirtaiit  one  lieing  that  of  New  York,  the  chief  gate  of  cntfance  of 
ininiigrunt>  uixl  i)f  forcipi  eommerct-,  ami  the  \vtt*t   important   bei 
several    with    practically    no    arrivals  of   vcwels  from    forcipii    inirl 
Only  a  smidl  ]ir<)jH>rti(in  itn-  e>|iiippKl  with  e-xten-iive  dicinfi-ctin^  a; 
plianccs,  and  but  8  are  provided  with  quarters  for  the  dt-tvntion 
persons   held  for  obscrvalion. 

loterstats  Quarantiae. 

To  prevent  the  introduction  of  wuitagious  tli-^ww-s  from  one  State  to 
another,  Congri^ss,  on  Klaivb  27,  IS90,  pa»^  an  Act  prm-iding  tliat 
whenever  the  I'lt-sident  i"  *jiti>li('il  lliat  cboli'ni,  veltow  fever,  f^roall- 
pox,  or  plague  cxihtt  in  any  part  of  the  I'nited  States,  and  tliat  thm 
ifi  danger  of  the  spriwd  thereof  into  otlicr  Stales,  Territorie.-,  or 
Dii-irict  of  OoluMibia,  he  is  auihoriztKl  to  cause  the  Secretary  of  tho 
Treasury  to  prtrtuulRate  cuch  prcvcnliic  ndc-'  and  n^ilatkinn  as  he 
may  divni  nece*«irf,  and  to  emjiloy  such  inspectors  and  other  pentotu 
as  may  he  m-cessary  to  cnfortv  thctri. 

These  mles  and  n^lations  t^hall  \k  prejiared  by  the  Sip«TX'isin^| 
Surfreon-Crt'ncrnl  of  tin-  Public  Hralth  and  Marine-nos|»ital  Serx-ic^^ 
under  the  direction  of  the  Secretary  of  the  Traisiiry,  and  any  violtttion 
ilii'reof  fUlaiU  a  line  of  not  excywlin?  $500,  or  imprisonment  for  noi 
more  tliau  two  yt^r;*,  or  both,  iu  the  (iiscrrtion  of  liu-  fVinrt.  In  the 
case  of  any  offioej-  or  otlier  pexson  employed  tn  prevent  tl»c  f^pread  i>f 
^lid  di»enwv,  wilful  violiiMoii  of  any  of  the  quarantine  laws  of  Uk 
I'liiK-d  States  or  of  any  of  the  rules  and  rp^dations  miide  anil  promul- 
ftated  as  altovc,  or  of  any  lawful  onler  of  liis  superior  iifficer  or  officers 
llie  penalty  is  n  fine  not  exceeding  $300  or  inipriwinment  for  iwil 
cxoceding  one  year,  or  both,  in  the  discretion  of  the  CourL  An 
common  carrier  or  fiervunt  thereof  wlin  shitll  wilfiillv  violate  anv  of 
««nie,  shall  Ih-  liable  to  a  fine  of  not  exceotUng  S.WO,  or  iinprisunmeJit 
for  not  exceeding  two  ywirs,  or  IkhIi,  in  the  discretion  of  tbe  Court. 


Stat«  (JoaraQtme. 

Tbe  national  qusrantino  law  and  the  mien  and   rcgtilalioits  made] 
tberennder  are,  aa  ]ms  been  iwid,  iiitemlitl  only  as  miDimnm  requ 
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mente,  to  which  State  or  municipal  authority  ra&y  make  such  additioos 
ae  mjiy  l>e  deemed  neoos!<ary  for  the  pn-scrvation  of  the  health  of  the 
people  within  its  jurisdictioD.  Such  additional  requirements  maybe 
established  for  j'iM.'cific  periods  or  without  limit  of  time,  and  to  meet 
general  conditions  or  a  special  class  of  cases.  As  an  example  of 
»ipecial  regulations  made  for  a  limited  period,  the  following,  adopted  by 
the  State  Board  of  Hiialth  of  Louisiana,  with  reference  to  vessels  en- 
gaged in  the  tropical  fniit  trade  during  the  season  of  1899,  may  be 
cited. 

"  All  veHsel.s  engaged  in  the  tropical  fruit  trade  between  Central 
American,  South  American,  and  West  Indian  ports  and  New  Orleans 
will  be  allowed  to  jiass  the  Mississippi  River  Quarantine  Station  with- 
out detention  longer  than  is  necessarj'  for  a  thorough  inspection  by  day 
bv  the  quarantine  officers,  so  long  as  a  properly  accredited  medical 
agent  of  this  board  certifies  that  such  [Mtrts  and  places  arc  free  from 
contagious  or  infectious  diiwase,  and  provided  said  vessels  shall  strictly 
conform  to  the  following  con<litions  : 

"1.  They  shall  not  be  allowed  to  bring  to  this  port  bedding  or 
household  effects  of  any  kind, 

"  '2.  After  leaving  New  Orleans,  said  vessels  may  take  on  board 
passengers  during  any  part  of  their  trip,  and  bring  passengers  to  this 
port  as  herein  provided. 

"  Cabin  passengers  only  will  be  allowed  at  the  discretion  of  the  med- 
ical officer.  This  oflicer  must  satisfy  himself  that  the  applicant  has 
not  been  in  any  infected  locality  in  the  past  thirty  days,  and  that  none 
of  hia  cffecis  have  been  exjwsed  to  infection,  and  further  such  effects 
shall  have  been  fumigated  or  disinfected  before  going  on  board, 

"  Passengers  may  be  taken  on  btjarcl  from  one  healthy  port  to  another, 
each  of  said  ports  having  a  medical  officer  representing  this  board ; 
under  the  same  restrictions  said  passengers  may  be  brought  to  New 
Orleans.  Persoiud  effects  of  passengers  are  restricted  to  personal 
wearing  apparel,  and  should  as  much  as  possible  consist  only  of  clean, 
recently  laundered  clothing,  and  such  effects,  together  with  passengers' 
trunks,  bags,  valises  or  baskets,  must  be  fumigated  before  being  bn)ught 
on  board. 

"  The  medical  officer  will  refu.sc  to  permit  the  bringing  of  any  un- 
usual or  unnecessary  amount  of  baggage,  it  being  the  puqmse  of  the 
board  of  health  to  facilitate  the  aifiiirs  of  commerce  by  permitting 
passenger  communication  whereby  business  may  be  transacted  in  a  safe 
manner,  holding  highest  the  health  of  the  community  ;  and  it  is  insisted 
that  material  capable  of  carrying  any  possible  infection  should  be 
limited  to  the  least  possible  amount.  Woollen  bags  or  carpet  sacks 
will  be  prohibited.  Tnmks  should  be  of  metal,  wood,  or  jmper; 
valises  of  leather  or  pajwr. 

"  The  mediciil  officer  will  make  a  (»ersonal  ins|>ection  of  all  passengers 
and  of  every  memljer  of  the  crew  just  prior  to  the  de[>arturc  of  the 
vessel,  and  give  a  certificate  to  the  nnistcr  of  the  vessel  of  the  c<m- 
dition  of  such  persons  examined,  marking  opposite  the  name  of  each 
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pt^riuin  nil  the  ILit  furnished  tiim  hy  the  ofGtvrs  nf  tho  vcseol  of  ev(Ji 
j>orsi>n  on  bimixl  fuch  otiMTvaliunv  lu  muy  som  to  hiin  to  Im>  adviNthfl 
o<iii<iTiiiii|[  tlie  (fiiKlition  of  mitt  person's  prtetmil  or  nrvvioiut  statv  *m 
huillli.  J 

"Medical  officer))  will  iit\-ariubly  ansiat  masters  of  VMMdit  iu  tnofl 
mcnl  of  fiicrnlH-rw  of  en.'w  or  jiii.'weiip'rs  takt-ii  nick  <iii  lioanl  vnsMfl 
and  fhdiili)  mttkc  iiutvs  »f  such  ln~.itiiiei)l  in  writing  to  1h-  miii  Id  tH 
t|iiiirniitiuc  oflitrer  ut  home  portK  I 

"  3.  V'c>««eU  shiill  not  toiivh  ut  iiiij-  infvrtctl  port  or  have  any  ctnam 
muniuatiiin  uHtb  any  ve^e]  <luriiig  th«ir  voyn^'  cxn.-pt  in  com*  of  ilifll 
tn'i^*.  I 

"  4.  Tbcv  Khnll  not  touch  at  loich  jKirtfi  or  i^latiiinH  ntt  «rr  not  airH 
tiDntfl  in  tlit'ir  M-hcdtile,  whi<-h  kittt-r  .■•hull  !»■  commiinif-atcU  In  IM 
board  of  huiltli.  I 

"5.  They  t^hall  lie  rp<i<iiriHl  toniiike  n  fulldittela-'iin'  vtImmi  nrrivinf; ll 
qusnuttinetttHtioDofnll  |H)rt)>!in(Iii]uoi«lhcrhiivovi§ititlotiltieirvoy3iM 

"IJ,  Thiy  may  take  on  lM«iit!  a  <Ti'W  of  liih<tn-r«  atlijr  iiiA|>c<:ti<>n  itn 
llii-  iiiiiliiiil  iifliiH^-r  mid  (iiniTit'cciion  nf  cluthiii];  of  mtch  crew  for  .-iiiH 
hcalihy  ]K>itit  wliero  tla-y  (K.Triwneiitly  ri'side  and  roiuuin.  the  cnm 
hai\g  as  nciirly  an  \)w^hh  eonijxiMfl  of  llie  nitiic  nieu.  The  cnptan 
or  other  ulfiuT  muy  ^t  tii^horc  only  for  the  piiqMiw  of  entering  or  eUiiM 
ii)g  v<-sm^Ik  Any  ftirthi-r  <-oniinuni<:atioii  uitli  >h<>ix>  or  iiiktivi-!>  uill  bj 
coiif'idei'i-d  »  violation  of  nf^nlatioiks,  and  vef^U  in  default  will  be 
tnaiu^l  aoi'ordingly. 

"  7.  TIiisw  venNOc  wlmll  k*  dMinw-d,  iint],  when  m-ceMoiT^',  di^nfrob 
in  the  aty  of  New  Orlcjuii-  after  dii^cliargc  of  cargo." 

Sanitary  Oordon. 

Vlint  is  known  us  «  Banitary  cordon  ("cordon  sinitairc ")  cnna 
of  an  cxtiiuhil  line  of  guanUi  thrown  alwut  a  district  to  prevent : 
tlii-ivto  or  egrci^  tliert-froin  "f  any  pcr*<>n  or  thiiif;  which  may  art  nt'  1 
carrier  of  inricti'iii.     The  object  is,  in  other  wonle,  to  |iroti-<-l  iJh-  liis 
Iriet  from  infii-iion  fnmi  llic  iiurniiimlinir  country  or  lo  |>rot<-<-t  tin-  la* 
ler  fn>rn  infection  from  the  district.     Sometimes  a  double  line  Lh  «^*tali 
lisliecl,  the  tcrritoiy  intervening  being,  per]iii)Hi,  only  (^uttpectcd  of  Itfin 
infis-ted.    Cordons  are  hot  unc<}n]iuonly  i-ntobliKhctl  in  the  Soiilb  aet'm 
yellow  fever,  but  arc  nmctii-ally  unknown  in  the  North.     In  fali(<-miji,| 
in    l!KK),  a  cordon  wiii!^  uiaiiitiiined,  for  a  short  rime  oidy,  atniili-l  of 
district  iu  wliicli  ea^ctii  nf  biilmnic  ))hit.-'iie  were  Itclieved  to  Im-  eoMcejli<i>{ 

Municipal  Quarantine- 

Mnntcipid  quarantine  roni)in^h('ndr<  niitummt  for  isolatinfr  IhoM-nckj 
Willi  (vrlain  of  the  infcctioini  diseases,  *uch  ac  mairUl  fever.  di|)lit)irrift. 
and  eniiill]Hix,  kcvi>in)f  others  dihIit  obik'>rvalion,  and  dUinfivtin^  riHHu-i  i 
and  housefl  and  objects  contained  therein  which  may  be  eapuble  of  Iv- 
lnH-iiifT  infi-<;lion.  It  is  Iwyond  dispiiU>  that  public  safely  ni[nirr»  ifiit 
ci-rtiiin  sick  should  Ik'  .-Onit  off  fmiu  fn.-e  noinninnieiition  with  tlie  uut- 
fl)(h>  world.     This  isolation  its  jno-t  complete  and  entails  less  lianUliip  i 
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v/hea  it  can  be  carried  out  at  a  npecial  liospttul  for  contagious  diseases, 
but  geiiemlly  it  in  enfbrcvd,  if  at  all,  at  the  patient's  lionic.  Koom  and 
house  quarantines  are  commonly  ditlicult  or  imposriible  of  enforcement, 
es]>eciall)'  in  tenement  districts  among  the  very  poor,  for  it  is  among 
this  (.'lass  that  danger  of  infetttion  is  least  understood  and  mutual  help 
and  neighborly  visiting  mwt  extensively  prsictised,  and  thus  the  foci 
of  infection  may  become  increased  ia<leiiuitely.  In  haspitals,  ou  tlic 
other  band,  where  indiscriminate  egress  and  ingress  arc  under  control 
and  facilities  for  the  disinfection  of  dischai^es  are  at  hand,  the  danger 
of  spread  is  reduceil  to  a  minimum. 

Especially  difficult  and  productive  of  hardship  is  the  isolation  not 
only  of  the  patient,  but  also  of  the  other  members  of  his  family.  This 
is  commonly  practised  in  the  case  of  smallpox,  but  is  unnec*>ssary  if 
the  other  members  have  undergone  recent  successful  vaccination,  and 
their  clothing  and  other  effects  are  disinfected  and  they  are  then  sepa- 
rated from  all  possible  contact  and  communication  with  the  patient. 
But  even  then,  they  should  be  kept  under  surveillance  for  a  time  equal 
to  the  period  of  incubation.  In  times  of  epidemics  of  yellow  fever  in 
the  South,  house  <)narantuie  of  entire  families  ha»  proved  to  be  the 
cause  of  much  hardship  and  anything  but  an  unqualified  success.  It 
causes  great  popular  dissatisfaction,  leads  to  concealment  of  cases,  and 
tends,  therefore,  to  spread  rather  than  restrict  the  disease.  Treatment 
of  the  sick  in  isolation  hospitals  and  removal  of  those  who  have  been 
cxiMised  to  infection  to  camps  of  detention  for  five  full  days  have  been 
found  to  give  far  better  results. 

In  some  outbreaks  of  infectious  di.'^jases,  it  is  necessary  or  advisable 
tc)  conduct  a  house-to-house  inspection  for  the  discovery  and  isolation 
of  unreported  cases.  When  such  a  course  is  undertaken,  the  visits 
should  be  repented  at  intervals  equal  to  the  period  of  incubation. 

The  making  of  regulations  for  muniei[)al  quarantine  and  inspection 
is  subject  to  no  general  rule,  each  looat  authority  being  a  law  unto 
itself.  In  .some  cities,  the  nilcs  governing  notification,  isolation,  and 
disinfection  are  exceedingly  thorough  and  strictly  enforced ;  in  others, 
they  arc  inadequate  in  varying  degrees  and  enforced  with  laxity, 

damps  of  Detention. — <^mps  of  detention  are  places  set  apart 
for  the  reception  and  ob.servation  of  jwrsons  who  have  been  exposed 
or  who  are  under  suspicion  of  having  been  exposed  to  the  oontiigion 
of  smallpox  or  other  quarantinable  disease.  They  should  l»e  uu«ler 
strict  surveillance  and  governed  by  inflexible  ndcs.  Every  person 
should  be  examined  l»ofore  admission,  and  such  effects  as  he  may  be 
pennitte<l  to  bring  in  should  be  disinfected  thoronghly,  for  above  all 
things,  it  is  neces.sary  to  guard  against  the  introduction  of  infection. 
The  entire  personnel  should  be  mustered  in  quarters  and  examined  at 
least  twice  daily,  and  such  as  are  beginning  to  show  symptoms  must 
be  promptly  isolate<l.  Indiscriminate  ingress  and  egress  must  be 
Rtrlctiy  prevented.  At  the  expiration  i>f  the  proper  period,  in  each 
case  the  clothing  and  other  personal  effects  should  be  thoroughly  dis- 
infecte<l  before  dischai^. 


CHAPTER   XVJII. 


DISItiSAI,  OF  THK  DEAD. 

Thr  public  hciiltli  n-qiiin>«  tlmt  the  iMxlifM  (»f  llto  dead  Aall 
dUpo8ed  of  in  etich  a  way  an  Dot  to  be  a  mciuice  to  tlio  livine,  tnd 
iw  .tiMiii  an  ))<i!*!iibU-,  wirh  iIik-  vt>n.-*i(lci-ntiiiii  i>f  tbe  f«-liDg!<  of  thonc 
txTcsivpii.      In   the  wi**  of  those  dead  of  iiifectiou*  di^diso.  diispo^l 
8buiild  not  Ix-  dt-laycd  by  M-iitiiuuDlid  «<iii^iiU-mtiou(>,  but  should 
iiocorii])lii^bHl  with    ns    little   delay   ta    ]N»wibIe,  on    nocoiint   of 
risk  to  whioh  the  living  may  l»e  siibjeot*^   by  t)ie  reteDtton  of 
bddy  in  iW  botiii'. 

Coiieertiiii^  tnelhotlx  of  dL'<{io.'<al,  con^^ideration  may  be  limited  to  tbp 
two  in  ait;  by  iiici^t  civill/^.'d  [Hi>pk-»  and  by  m<i^t  ot)»ei>>  a-  well ; 
mimely,  eurth-burial  and  ereniation. 

Eorth-burial. — Iiitcniicnt  of  iIk'  duid  lm>  i-vcr  Ix-on  tli«  )irim'ii<al 
mode  of  diK{HiMil  amon^  Cbri^tifHiF,  Jqvs,  and   Mii>s^ulman^      Within 
eonipanitivoty  rc<*nt  veiirK,  thi-   n-nnlu  of  overcrowding  of  audent 
ehiirel]y:iitlN   and    eeDie(erie>i.  and   the   neeeKKity  uf  detlicaliiij;  prcal^ 
tinuLi  of  vribiiibl**  land  to  Ik-  held  in  |KT]M4nily  lor  t)u^  a«commodatio«iH 
of  llie  de:ul,  Lave  brought  about  an  eeonomie  wnlimetit  apiiii^t  the 
prartice,  and  to  it  lui.'*  bivn  uddol  it  ftt-liiig  of  dangiT  (o  lite  publiL- 
health  from  the  deivimpo^ing  ti)i«uei<,  (Hirticularly  of  tboM  wbu  ha 
die<l  of  infectious  dL^ca^eii. 

Ituried  in  soil  of  suitable  chanictiT,  u  body  pivtw  off  for  a  ntiml: 
of  nionl)v.-< — nix  to  nine  may  be  n^nled  as  rea-^onable  liniit» — foi 
friuH?^  ofdeeouipofitiou  wliieb  arc  nut  evolved  iu  (he  later  »iagt?t.      Tbi 
rate  of  iIcc<ini|KM<ition  is  inflnentvd  not  alone  by  tlie  iKitinr  uf  the  tt<i^ 
tU  pore  volume,  an<I  itf  dejjni'  of  nioi.-'tjire,  but  also  by  the  character 
the  coffin,  the  depth  of  ititcmient,  anil  the  pnicii!**'*  to  which  tin:  ImkI; 
hio  ln-eii  -subji-rttii  U-fon-  burial.      AiW  .«ome  years,  tlie  periwl  van-injr 
within  very  wide  liniit*^  a<f<tnling   I"  einnnislannw,'  d»H-iuiijnwiti>iu  ii 
eomplcte  and  but  little  rcniainti  l>esidpfl  Irancs,  more  or  lee*  crumbly  t 
chiinu-ter. 

It  IP  charged  again^  earth-burial,  that  the  pla««  uwd  for  llw  pu 
]M>ii>  are  <iHV-iwive;  that  llic  air  bi-eome!"   |»oi.*oned :  that  the  soil  be- 
oomein   bidcn  with  di-ietu-e  gtrmis   of  all  deseriptioift,  which  an'    pre- 
sented imlefinitely,  and   that  water  !<upplifo<  are   convertetl   to  dilut 
|ioiwn«  of  pnTUt  |x>teney  ;    tliat  J*    to  say.  eeiiM'twies    prH)t^)M^ 
and  act  as  direct  eaiiacii  of  diiwase.     An  jiroof,  nuiiieroivf  ctuttf  whid 
ivill  not  benr  clu»c  scrutiny  are  riinl,  but   the  wlu>le  ni&ss  of  what  U' 
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regarded  as  evidence  of  the  conneutioa  of  cemeteries  with  the  outbreak 
of  disease  has  but  little  real  weight  and  in  unconvincing.  It  has 
been  said,  for  example,  that  typhuH  and  other  fevers  were  prevalent  in 
the  immediate  neighborhood  of  old,  overcrowded  churcbyardtt  in  Lon- 
don when  it  waft  cuatomary  to  keep  disturbing  the  soil  for  new 
interments,  re^rdlese  of  the  number  and  condition  of  those  already 
buried.  Even  though  the  supposed  connoctioD  were  anything  mora 
than  mere  coincidence,  it  may  be  said  that  nothing  of  the  sort  has  been 
noticed  within  recent  years,  and  never  anywhere  except  in  densely 
populated  neighborhoods,  in  which  densely  crowded  cemeteries  happen 
to  be  located. 

Cases  of  cholera,  yellow  fever,  scarlet  fever,  an<l  other  diseases  have 
been  attributed  to  the  o])cniug  of  old  graves.  In  one  case,  often  quoted 
in  all  seriousuesw,  a  number  of  persons  were  seized  with  scarlet  fever 
supposedly  from  digging  up  the  surface  of  a  burial  ground  where, 
no  less  tlian  thirty  years  before,  a  number  of  victims  of  that  disease 
had  been  buried.  Sir  Henry  Thompson  has  said :  "  The  poisons  of 
scarlet  fever,  enteric  fever,  smallpox,  diphtheria,  malignant  cholera, 
are  undoubtedly  transmissible  through  earth  from  the  buried  body  by 
more  than  one  mode.  And  thus  by  the  act  of  interment  we  literally 
sow  broadcast  throughout  the  land  innumerable  seeds  of  pestilence ; 
germs  which  long  retain  their  vitality,  etc.,  many  of  them  destined  at 
some  future  time  to  fructify  in  premature  death  or  ruined  health  to 
thousands." 

Such  broad  statements  are  easy  to  make,  but  exceedingly  difficult  or, 
indeed,  impossible  to  substantiate.  If  true,  it  would  appear  that  the 
earth,  instead  of  being  the  great  natural  resolvent  and  disinfectant  of 
all  forms  of  dead  organic  matter  deposited  below  the  surface,  is  a  mine 
of  septic  matter,  in  spite  of  which,  the  world  at  large  continues  to 
increase  in  health  and  the  average  length  of  life  to  extend  litde  by 
little  with  every  decade. 

It  is  said  also  that  the  spores  of  all  known  species  of  pathogenic 
bacteria  are  very  resistant  and  retain  their  virulence  indefinitely.  But 
even  if  this  were  true,  and  it  is  not  true,  it  is  not  shown  that  the  spore- 
bearers  in  the  body  form  spores  after  death  occurs.  As  a  matter  of  fact, 
the  basis  of  the  bacterial  scare  concerning  the  dangers  of  earth-burial 
rests  on  no  more  solid  foundation  than  the  instance,  quoted  in  the 
chapter  on  Soils,  of  anthrax  spores  supposed  to  have  been  broi)ght 
to  the  surface  by  earthworms  that  had  acquired  them  fnim  a  cow  buried 
two  meters  below,  which  instance  has  no  value  as  evidence  for  reasons 
already  explained. 

Coming  to  a  consideration  of  the  actual  dangers  arising  from 
earth-burial  and  from  the  proximity  of  cemeteries,  it  must  be 
admitU.><l  at  the  outset  that  merely  stinking  gases  are  incajnbic  of 
transmitting  diwase,  and  are,  moreover,  absorlM-d  and  deodorized  by 
the  soil  itself.  The  same  claws  of  foul  odi)rs  arc  borne  without  injury 
by  those  eng^-d  in  the  numerous  otTcnsive  tnides.  There  is  no 
ground   for  supjKwing  that   the  emanations   from  graveyard  soil  are 
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daDt»;r(iiu  U>  htaltli,  fen-  if  tJic^-  were,  tlkeir  offecta  lUioulU  be  nl 
niurkcd  among  giBve-tlip);cn,  a  cIhm,  vrhu,  like  lltv  workmen  ta 
eowfi'",  iiK!  oliAtiiiiitoly  h<«llliy  in  s[)it«  of  all  a  prUtri  naetfoiug  U>  the 
coiiinu-y. 

Wiiotlipr  till'  soil  l>oco!ne>  si^rioiislv  |)»1IuImI,  is  a  4|UpbUou  which  Iteara 
oQ  tliv  putwiMo  cuiitninitiniiiin  of  ilif  ground- wiitvr.  Thttt  ixwMbilily 
may  exkt,  but  it  la  m  nothing  in  «>mpiLri»oo  with  tbo  piilliititm 
of  tbu  inoil  am)  itn  (NUilnhKrd  nnlrr  l>y  Kficbing  i-)>!i.4|MM>U,  inin  wltirlt 
man  caMs  ycni'ly  several  times  hint  weight  of  li<|tii<l  aiul  mlid  exi-ivtu 
tVuni  hin  ouii  ImhIv,  ntnl  then-  is  ntimltxl  iwi  xih^lt-  »'<-II-niit)ii'iiiii-]itt<l 
aiae  of  otilhrcuk  of  difi^UM^  due  to  water  voutaminatctl  by  tlu-  ilntiiuge 
oJ'  u  Knivt-yurd. 

On  general  priniripic:*,  (he  dRiiiiuge  of  u  oeinvtiTy  i>^hrHiIil  not  W 
itilowcil  to  run  into  slrcnmA  uinetl  us  wnter  ctnjiplii.v,  and  wt'lU  rihoiiji] 
not  i:iL'  iocsiteil  in  olotK.-  j>roxtn>ity  to  the  boundiirkv  uf  land  usi-d  for 
iutcmicnu. 

Wtiili-  bunul  too  neur  the  MirfiK-c  tfhoiih)  bi-  avoidod  on  uocotiut  vC 
thfl  possibility  thiit  the  body  may  bf  exburnvd   by   ilogs   an<l  othci^ 
animal-',  it  it  to  Ik-  Iwirno  iti  mind  ibitt   thu  nmn-r  tin-  Ixxly  in  in  lli* 
aurfueie,  tlic  moi-e  rapiil  will  dceimipo^ition  oi-rur.      In  onW  to  sbortdl 
a.-*  mn<.!b  its  [toK^ilili-  lii<'  tinii-  iv<|uinnl  for  I'ouiplt-t^-  ntrtululioii,  tliv  iiiflin, 
which  slioiild  out  be  of  too  permanent  material,  i-hoidd  be  placed  in 
imiiii-duito  (Mintuot  with  tlie  uirth,  and  not  in  a  brii'kt'd  i>nelu:>nn>  < 
vault.     Tlie  iiw  of  wicker  collinii  is  iirgod,  (-iiiei'  llicV  oiler  Icisy  ob^ttu-lm 
to  the  imtnmt  jinHvssi'-s  of  n'?M>hitton  than  :iny  otlw-r.     Mi-lallirr  colliiu 
which   retain    the  protluete   of     den>m|)oiiiti(>n    indcfinilely    fltonld  t># 
prohibiti-d.     The  top  of  the  grave  tdiould  h<>  a  mound  of  airih  nipuhl 
of  sup|M>rtin|;  a  fnirly  luxuriant  p-owlh  of  vc^-tacioi),  which  tussist*  ii 
dminiti^  the  soil  and  niake.H  um?  of  th<-  |Kx>diielf  of  dewiy. 

Sites  for  Cemeteries. — In  the  w-Io*-lioH  of  a  Kite  fnr  ti  cn-meU-ry, 
piirticuliu-  dtU'iuion  should  be  given  to  the  naturv  of  the  soil.  Tbi* 
ehoiiltl  be  drj-  and  |M-rni(iible  to  air;  llie  gniund-wiiter  le\-el  uliould 
norumlly  l>e  well  below  the  bottom  of  iIr-  de<-|¥>'>t  f;™^'e  ;  tbf  jinrfiiiif 
nhoiild  lie  of  rich  biani,  which  neix  as  a  {mwerliit  dinxioniiit  nod  provide* 
for  an  abundant  growth  uf  vcgi-t;itioii.  Clay  iwibi  an-  object i^niable  "U 
raccoiinl  of  dampness  and  iniiN'mititbility,  whiclt  prevent  rapid  dccoa- 
^osition  of  the  hotlicf.  KtK'ky  Hoilx  arc  objoclioitidile  on  uceoimt  of 
Uiiir  <ln)in]i^-  and  the  olistaelet*  to  the  digging  of  graves. 

Much  haif  Ixt-n  writtt-n  nniM-rning  the  danger  of  [HillutJon  uf  water 
sup])lt(<s  by  the  drainage  of  eenieterie!;,  and  thiH  tiatiger  should  be  kept 
in  intiiil,  bill  it  Ls  unlikely  that,  with  projier  loniltonci  woll  uway  fmrn 
bahitationi',  senoni^  polltiltun  will  occitr.  Where  land  is  abtrnduDt  unit 
e-lH<ap,  tlie  immtxiiate  neighborhiHKl  of  opnieterii-a  for  purpiwi-s  of  n*i- 
denoe  iM  geiicmlly  avoideil,  but  it  is  always  well  to  pay  attention  U>  tl» 
proper  drainage  of  lands  devoted  to  burial  purposee,  and  l»  coiMidrr 
tlic  possibility  of  the  fouling  of  any  welU  alrtwiy  present  or  lllu>ly  u> 
be  fiunk  in  the  surrounding  mil. 

OrematiOD. — Di>i[K)«(il  ol'  tiie  dead  by  burning  wa>  pmctJMd  in  vtaj 
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early  times  as  a  mark  of  respect  by  some,  or  of  dishonor  by  others,  or 
from  motives  of  expodicncy  after  great  Hlaiighter  in  warfare ;  but  the 
practice  of  incineration,  based  on  economic  and  sanitary  considerations, 
is  of  quite  recent  origin  among  Christian  peoples.  Tlie  arguments 
urged  in  its  favor  from  an  ccouomic  standpoint  are  indisputahlc,  for 
Dot  only  can  the  AvmI  be  thus  disposed  of  much  more  cheaply,  but  the 
necessity  of  devoting  large  tracts  of  valuuble  land  for  purposes  of 
buriat  is  done  away  with. 

From  a  sanitary  standpoint,  the  arguments  are  not  so  strong  and,  in 
fact,  are  easy  of  refutation.  It  is  urged  that  earth-burial  is  a  menace 
to  public  health,  and  a  number  of  supposedly  convincing  instances  are 
cited  as  proof  of  this  statement ;  but  these  cannot  withstand  the  test 
of  careful  examination  and  weighing  of  evidence,  and  it  must  be  ad- 
mitted, even  by  the  strongest  advocates  of  cremation,  that  there  is  no 
delinite  statistical  evidence  that  the  general  death-rate  or  any  special 
death-rate  has  ever  been  influenced  by  earth-burial. 

It  is  ui^ed  also  that  earth-burial  is  repulsive  in  idea  and  horrible  in 
practice,  and  while,  in  the  minds  of  many,  this  statement  is  true, 
it  is  to  be  said,  on  the  other  band,  that  in  the  minds  of  far  more,  the 
argument  applies  with  greater  force  to  the  practice  of  incineration. 
From  the  time  of  the  early  Christians,  who  jiractised  interment  by 
stealth,  earth-burial  has  ever  been  the  one  method  of  disposal,  and  the 
sentiment  in  its  favor,  fostered  through  nineteen  centuries  of  practice, 
is  a  powerful  obstacle  to  the  general  adoption  of  cremation,  and  can 
only  slowly  be  overcome.  A  strong  feeling  that  cremation  is  opposed 
to  Christian  doctrine  concerning  the  resurrection  of  the  body  can  only 
be  overturned  by  the  influence  of  the  clergy,  many  of  whom,  including 
Protestants  and  Roman  Catholics  of  eminence,  liave  already  done  much 
ia  advocacy  of  the  practice  as  a  rational,  economic,  and  sanitary  means 
of  disposal. 

Aside  from  religious  feeling,  the  strongest  ailment  urged  against 
cremation  is  the  destruction  thereby  of  evidence  of  poisoning  in  cases 
in  which,  after  disposal  of  the  body,  suspicion  of  foul  play  may  arise ; 
but  when  one  considers  the  very  great  infreqnency  of  exhumations  on 
this  gn)und,  and  the  still  greater  iafre<piency  of  positive  results  there- 
from, this  objection  can  hardly  be  r^arded  as  entitled  to  much  weight. 
In  the  case  of  the  metallic  poisons,  the  evidence  would  still  bo  present 
in  most  cases  in  the  ashes ;  iu  the  case  of  the  oi^nic  compounds,  it 
must  be  borne  in  mind  that,  imder  most  favorable  conditions,  tiegin- 
ning  the  analysis  before  the  onset  of  putrefaction,  their  detection  in 
the  small  amounts  commonly  employe<l  is  by  no  means  ea-iy,  and 
afterward  is  extremely  difficult  and  more  <rfk'n  iraiK)ssible. 

Furthermore,  it  must  be  borne  in  mind  that,  unless  suspicion  arises 
before  or  immediately  after  death,  chemical  analysis  is  commonly  viti- 
ated by  the  universal  practice  of  embalming  the  body  with  strong  solu- 
tions containing  the  very  substances  sought.  In  every  ca-se  of  doubt 
as  to  the  cause  of  death,  the  body  should  be  subjected  at  once  to  proper 
examination.     lo  some  States,  legal  provision  has  been  made,  forbid- 
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diiig  enibiilniing  in  nse  of  dialh  by  vinlence,  until  the  body  \\a»  Ima 
"viewed"  by  the  prwjwr  uiitiionty,  iuhI  pmviiliiig  for  projier  certifica- 
tion bt'fotv  iiK^ Deration. 

History  of  Modem  Cremation.^ — ^AM^irdinf;  m  Jn|iuni->v  nuthori- 
liis,  civmtitinii,  ib>  at  prt?Hent  practised  among  civiliinl  nuiiont),  had  itn 
origin  in  ihvic  tiitnilry  nuniy  yam  ngti.  Until  1871,  Iwiw-rvcr,  no 
Kpuciiil  Pi-ematories  weiv  ini^llnl,  the  body  m  its  coffin  lieing  ]»)sced  -rti 
riontf  .■'tirninml^M  hy  wotxl  'ir  otlter  iiiflaininable  nuttiTial.  In  thai  ytvr, 
crematoriei^  wt-n?  LTi'<'t«'(i ;  iind  wiiK-c  Ihen,  tlic  pnicticc  of  incineratinn 
hikt  incrcaBtd  to  gnoh  an  extent  that,  in  IB'J?,  in  Tokio.of  ;t-l,nf>i)  per- 
mnn  who  ditfl,  1-5,000,  or  AA  \tvv  wnt.,  were  rremunil.  In  1898,  the 
perccniJige  was  about  die  same. 

In  tliifl  flountrv,  the  lirtt  ninvf-nienl  in  favor  of  rninntion  oceurnd 
in  New  York,  iu  1873,  but  tlie  first  creinaton-  was  not  erected  until 
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J876,  This  waH  built  nt  Wiwhinplon,  Pa.,  by  Dr.  J.  T.  U-Mny 
for  tlie  disjvisol  of  bis  own  body,  and  wa«  the  only  one  in  the  counti 
until  1884,  when  another  viw  cotubli^'hed  at  Lancaster,  I^l  Daraig: 
(bi!i  iiiter^-al  of  eight  yeuB,  the  use  of  hit-  erenwlor)-  was  allowed  hy 
Pr.  IjeMoyne  for  others  """l  ^^  inoim-rations  were  perfonnvd.  B(^ 
twi-en  1881  and  IDOO,  the  number  nf  rrematoriwi  inercoLsetl  to  26, 
wbieb  growtli  in<lii:nt«4  a  Mcady  iucren^e  in  public  sentinkent  iu  famr 
of  the  prooei«.  The  nnmbtT  of  cremations  porfonnod  in  the  United 
Slatex  from  1 884  lo  1 891>  Is  sitown  in  Figure  1 1 :)  from  the  mooognph 
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by  Dr.  Samuel  W.  Abbott,'  contributed  by  the  Commonwealth  of 
Ma.s^uclius€tts  to  the  Unitt-d  States  Social  Economy  Exhibit  at  the 
Paris  Exposition.     During  this  period,  8,885  cremations  occurred. 

The  first  table  on  page  747,  from  the  same  monograph,  ttbows  the 
progress  of  the  movement  in  the  United  States,  The  second  table 
shows  the  gro\rth  of  the  movement  in  Great  Britain  to  1899. 

Next  to  the  Unit«d  States  in  the  number  of  crematories  stands  Italy, 
where,  In  1901,  22  were  in  ojwration.  The  movement  began  in  Italy 
in  1857,  but  nothing  was  accomplished  until  1897,  three  years  after 
I<^1  sanction  was  obtained.  Germany  had,  in  1901,  7  establishments, 
the  first  of  which  was  installed  at  Dresden  in  1874;  Great  Britain 
had  7,  the  first  of  which  was  establi.shed  in  London  in  1885  ;  France 
had  2,  Switzerland  bad  3,  Sweden  had  2,  and  Denmark  had  1. 

According  to  Sir  Henry  Thompson,'  there  were  in  the  United  States 
during  1901,  no  less  than  2,605  incinerations;  in  Germany,  693;  in 
England,  445  ;  in  Paris,  297 ;  in  Italy,  at  12  of  the  22  institutions, 
243 ;  in  Switzedsnd,  at  2  of  the  3  institutions,  144. 

In  the  destruction  of  the  body,  the  apparatus  is  so  constructed  that, 
while  reduction  to  ashes  is  complete  within  three  hours,  no  offensive 
fiunes  arc  given  off".  Commonly,  the  body,  inclosed  in  a  simple 
wooden  coffin,  is  placed  in  the  retort,  which  is  then  intensely  heated 
by  an  oil  flame,  with  which  air  under  pressure  is  mixed  by  a  blower. 

'  The  Past  and  Present  Ctmdition  of  Public  HTgiene  aod  State  Medicine  in  the 
United  States,  Boston,  I90O. 
'  The  Lancet,  July  6,  1902. 
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Adulleralion  of  beer,  180 

of  butter,  12-j 

of  olothin);,  720 

ot  cocisi,  425 

of  coflee,  172 

of  llonr,  143 

of  honey,  167 

of  milk,  04 

of  lea,  170 

of  wino,  1S2 
Aerobioscope,  Sedgwick's,  269 
Agile,  brnat-foimilerH',  673 
Au',  224 

ai'idH  in,  235 

smmunia  in,  230 

amount  of,  necessary  for  ventilation, 
425 

analyHin  of,  251 

aqueous  vniior  in,  231 

argon  in,  227 

boiiteria  in,  233 

bai'teriolagical  examination  of,  26S 

tarbon  dioxide  in,  227 
monoxide  in,  235 

eom|K«ilion  of,  224 

conveynnce  of  infectjon  by,  244 

disinfeetunt  propcrticM  of,  522 

disinfection  of,  6G0 

duKt  in,  2^!3 

fillmlion  of,  443 

liydrogen  in,  227 
peroxide  in,  230 

DiethtKl>i  of  moiHtening,  441 

nilroKen  in,  226 
neidK  in,  '2ii0 

oi'Kiitiir  nintterx  in,  240 

oivffen  in,  224 

oione  in.  22i> 

lierniKibility  of  iirickfi,  etc.,  to,  428 

reHpircil,  lux  icily  of,  242 

sewer,  2:i7 

soil,  2M3 

-twiten-  2fi4 

viiiuKxl,  effecU  of,  240 
Albuminoid  ammonia,  328 


Alcohol,   adTisability   of  inclusion   of,  in 
naldiers'  ration,  589 

disinfectant  properties  of,  537 

in  milk,  »6 

tublcs,  182 

use  uf,  in  tlie  tropics,  631 
Ale,  175 

Algff  in  water,  322 
Alkaline  soils,  272 
Allspice,  206 
AlraondB,  152 
Alum  in  baking  powdeis,  208 

use  of,  in  purification  of  water,  351 
Aluminum  chloride,  dixinfectanl  properties 

of,  529 
Aluminumwarc,  223 

"  Amines"  process  for  sewage  disposal,  495 
Ammonia,  a  constituent  of  air,  230 

albuminoid,  detcrminalion  of,  in  water, 
395 
in  water,  328 

determination  of,  in  water,  395 

;'free,"in  water,  327 

influence  of  fumes  of,  on  health,  670 
Anchylostomum  duodena le,  spread  of,  by 

water,  392 
Anilin  colors  in  wines,  194 

influence  of  vapor  of,  on  health,  C72 
Anilin-oranee,  detection  of,  in  milk,  120 
Animal  f'HidH,  23 

Annatto,  detection  of,  in  milk,  118 
Anopheles  moMjuitoes,  642 
Anthrax,  <xinnection  of  soil  with,  304 

deaths  from,  42 

meat,  43 

spread  of,  by  water,  375 

Iranxmiwiion  of,  by  flies,  637 
Antiseptics.  511 
ApplcH,  159 
Apricots,  ItiO 
A<]Ueous  vapor,  n  (■onslitiient  of  air,  231 

di'tvimination  of,  in  air,  262 
Ar|cand  burner.  448 
ArRol,  190 
Arson,  227 
Arrowroot,  152 

Anienic,  influence  of  dust  of,  on  health, 
676 

lines  of,  in  occnpntions,  675 
A rscniu relied  hydrogen,  jKiisoning  by,  673 
Ancsian  wells,  342 
Artichokes,  157 

Asciiris  lumbricoidcs,  s|iread  of,  by  water, 
391 

749 
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Ashland,  WU.,  epidemic  of  typhoid  fever 

»l,383 
Aiuatic  cholen,  apread  ot,hy  water,  386 

AHparagm  158 
AHtenonelin,  323 
Asierul,  o31 

BAaLL()L,.53« 
Bacillua  coli,  dgnificance  of,  in  water, 
334 
Bacon,  mmpodtion  of,  29 
Bacteria  filler,  Wbdin's,  602 
Bacteria  in  air,  233 

in  milk,  6U 

in  iijBteta,  52 

of  meat-poisoning,  54 

rexiiitani-e  of,  lo  low  temperature,  393 
Bacterial  growth  in  millc,  US 
Bakeis'  fbeniicalii.  202 
Baking  powders,  206 
Ball-trH[«,  463 
Bananas,  162 
Barlej,  144 
Bartacks,  599 
Bass  eonii>osition  of,  36 
Bathing,  706 
Batha,  -06 
Bath-lubs,  4H2 
Bean,  t^jn,  150 

Htring,  150 
Beans,  loO 

Bedbugs,  tranamisBion  of  disease  by,  640 
Bed-linen,  disinfection  of,  5o9 
Beef,  composition  o^  28 

poisoning  bv,  5v,  70 
Beer,  175 

adulteration  of,  160 

analysis  of,  181 

colonial  law*  concerning,  177 

detection  of  prenervativea  in,  186 

extract,  table  for  determining,  188 

nianubclute  of,  177 

poiiioning  by  arvenical,  179 

line  of,  in  ilie  tropics,  632 

wort,  177 
Beet  Mi^rar,  163 
Beets,  157 
Bell-traps,  464 
Berkefeld  filter,  366 
Berries,  162 
Bilge- water,  624 
Billinnin  hienutobia,  spread  of,  by  water, 

:tii2 
Binh-rates,  693 
Blackberries,  162 
Blankets,  wuter-proof,  580 
BUietish,  coni(iosi(ion  of,  36 
Blui>-green  a\tni;  :122 
Boiling,  pnrili<'iition  of  water  by,  355 

wilier,  clisinfeclion  by,  519 
Book's  disinfection  of,  56-1 
Root«,678 

fit  of,  722 
Borax,   nction  of,  as  a  food  preservatiTe, 

iletei'tion  of,  in  milk,  120 


Boric  acid,  action  of,  as  a  food  preservative^ 
213 
in  digestion,  93 
detection  of,  in  milk,  120 
Bothriocephalus  latus,  37 
Bottle^rape,  462 
Botulism,  54 
Brandy,  198 
Bread,  140 

leavening  of,  140 
Bromine,  disinfectant  properties  of,  526 

influence  of,  on  beallli,  670 

ufie  of,  in  purification  of  water,  353 
Brussels  aptouls,  158 
Buckwheat,  14S 
Bui^ndy,  191 
Butler,  124 

anah'sis  of,  128 

as  a  carrier  of  disease,  127 

composition  of,  124 

tubercle  bacilli  in,  128 
ButjTic  ferments,  68 
ButyrorcfracloDieter,  131 

CABBAGE,  158 
Cafieinc,  168 
Caiwon  dLiease,  682 
Calcults,  BUck  Hole  of,  241 
Calves'  livers,  composition  of,  30 
Cameron's  ueptic  tank,  504 
Chmp,  597 

mepection  of,  606 
of  detention,  741 
sanitation  of,  607 
sewerage  of,  604 
water  supply  of,  604 
Candy,  167 
Cane  sugar,  163 

Canned   foods,  metallic  contMUination  of 
221 
meats,  210 
Canning,  prcnervation  of  food  by,  20S 
CapillarilT  of  soil,  determination  of,  312 
Capillar;- 'water,  278,  286 
Capsicum,  206 
Caramel,  163 

detection  of,  in  milk,  1 19 
Carbohydrates,  classes  of,  21 

[unction  of,  22 
Carbolic  acid,  532 
powders,  534 
soaps.  541 
Ckrbon  dioxide,  a  constituent  of  air,  227 
amount  of,  in  water,  325 
determinaticHi  of,  in  air,  257 

in  soil  air,  313 
increase  of,  during  fogH,  251 
permii«iible  amount  of,  in  air,  229 
sourceH  of,  in  ai  r,  227 
Ckrbon  disulphide,  influence  of.  on  healih, 

670 
Ckrbon  monoxide,  235 

amount   of,  in   i11uminatin|r  ga>v 

449 
determination  of,  in  air,  265 
influence  of,  nn  health,  670 
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Carbon  monoxide,  poiitoning  b^,  236 

sources  of,  '235 
<::arlHbacl  water,  331 
CarmtH,  IS? 
Casein,  84 

fermenls,  88 
C^B^ia,  20(> 

(^lechu,  a«  a<iulteranl  of  ten,  170 
Catsup,  202 
Otuliflower,  IM 
Cayunnc  pepper,  206 
Cfler.',  158 
C*lliiW,  23 
CemeteriCH,  draitiage  of,  744 

site*  for,  744 
CenmiH,  687 
I'enatls,  137 
Cerebrospinal  nieningilis,  tranHmi^siDD  of, 

Ihroiigh  air,  243 
t'lialk  in  iiiilh,  !)-> 
C^amberland-hi.Hteiir  dller,  356 
Champajfne,  1S2 
Chaptuiizing  of  winen,  11)3 
<;heet*,  132 

una  lysis  of,  135 
com  position  ot,  134 
'■fillctl,"  135 
poisoning  bj,  136 
TSirielieB  of,  1 34 
Cherries,  160 
CheslnuU,  1.53 
Cliieken,  compowtion  of,  31 
('hieorv,  172 
CliiKoe',  6^14 

Children,  emjiloymcnt  of,  685 
Chloride  of  hme,  disinfectant  properties  of, 

524 
Chloriimted  Boda,  diHinfectant  properties  of, 
526 
use  of,  in  purification  of  water, 
352 
Chlorine,  determination  of,  in  water,  402 
dlHinfedant  properties  of,  524 
in  water,  XW 

influence  of,  on  health,  669 
presence  of,  in  mils,  272 
une  of,  in  purification  of  vniler,  353 
Chocobte,  174 
Cholem  belt,  579 

connection  of  Boil  with,  300 
infantum,  spread  of,  bj  milk,  108 
inoenlation  ag&inst,  729 
inirtanceH  of  epidemics  of,  due  to  water, 

386 
propngalion  of,  in  India,  386 
tmnuniiauon  of,  bv  flics.  637 
through  air,  249,  250 
through  milk,  1^5 
thmugli  nvBlcre,  4S 
tlirough  water,  375 
ChromalCH.  dctc4:tinn  of,  in  milk,  122 
Cider,  lUG 
pair,  197 
-vincRar,  202 
Cinnamon.  206 
Ciatems,  336 


Citric  acid  in  milk,  85 

Claret,  Ifll 

Clan  IS,  cunipueition  of,  37 

Clark's   proceas  for  removal  of  hardneBS, 

364 
Clay  BoiU,  270 
Clothing,  "14 

adulteration  of,  720 

di«intection  of.  559 

heat  coniluetiviiy  of,  715 

hygroHcopicity  of,  715 

iniluence  of  color  of.  577,  714 
of  texture  of,  714 

kind    of,    necetsary    in    the    tropics, 
633 

materials  iinciI  in,  715 

selection  of,  722 
■Cloves,  'JtJj 

Coal  tn>»,  cumponition  of,  44y 
Coal*tiir  colors  in  wine,  194 
CocoJi,  173 
CoMiaiiut,  152 
Cod,  (imposition  of,  36 
Cofice,  171 

ailulieration  of,  172 
Cofhns,  kinds  of,  best  lued,  744 
Cold,  iuitLieplic  action  of,  519 

preservation  of  food  by,  209 
Colors,  coal-tar,  in  wine,  194 
ColoBtruni,  87 
Condensed  milk.  95 
Condi mcntii,  202 
Cundiictinii,  436 
Confectionery,  167 
Convection.  436 
Cooking,  effects  of,  on  meat,  25 
CJopper  in  foods,  219 

Bulphale,   disinfectant    propertiea   of. 

Cordials^  201 

Cordon  sanitaire,  740 

Com,  146 

Corned  beef,  poisoning  by.  72 

C-orroxive  sublimate,  disinfectant  pr(»)ertiea 

of,  530 
Cotton,  718 

clothing,  properties  of,  576 
(Mtonscod  oil,  154 
Coumarin  in  chocolate,  175 
Cowls,  ventilating,  429 
Cralis,  coniposilion  of,  37 
CiBoberries,  Ili2 
Cream,  96 

detection  of  gelatin  in.  123 

of  lartur,  207 
Cremation,  744 

hi^torr  of  modem,  746 

statistics  of,  748 
Crcnolhrix  Kiihninna,  326 
Creolin,  53.1 
Crcsi.ls,  ."^.^( 
Cucumber,  159 
Culex  fasrintus,  654 
CutninlH,  162 
{.'yslii'etviis  bovis,  37 

celluliMcr,  37 
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DALMATIAN    powder,  destruction   of 
mosquitoes  by,  656 
DamjinoKB,  occiipoticna  involving  exposure 
to,  «82 
of  Hoil,  I'onnei'tion  of,  vith  disease,  29ti 
Dandelion,  158 
Dead,  disposn]  of  the,  742 
Dealh-ra  terras 

ciirreftiiin  of,  701 
infantile,  mS 
inUuenoc  of  afje  on,  695 
of  denHity  on,  697 
of  race  on,  696 
of  sei  on,  696 
standard,  702 
weekly,  698 
rymotio,  C'JS 
Dececo  dosel,  477 
Dengue,   transiDissioD   of,   by   mosquitoes, 

65» 
DenitriRcation,  329 
Denitrifying  hacleria,  329 
Deodoi'ants,  511 

Deetrucloiii  fur  swill  disposal,  508 
Detcnlion,  camps  of,  741 
Dentrotio,  164 
Dbobie  ilch,  634 
Diarrhten,   epidemic,   connecdon    of    soil 

wiih,  :m 

Diairhu^l     diseases,     prevalence     of,    in 

armie>^  616 
Diastase,  145 

Dibdin'B  haclviin  filter,  502 
Diet  in  ihe  tropics,  629 

rcpibtion  of,  708 
Dietaries,  tinpical,  595 
Dietti,  sinndiird,  18 
DigcHtibiliiy  of  meats,  24 
Diphtbcria,  connection  of  soil  with,  301 
of  wnler  supply  with,  374 

inoculation  against,  731 

spread  of,  by  milk,  1 05 

tinnsniission  of.  tlirough  air,  249,  250 
DiseaM.',  tmnsinisnion  of,  by  meat  and  tisb, 

42 
Diseases,  tropirnl,  634 
DiKinfeclants,  511 
DisinfeMing  stations,  public,  518 
Disinfection,  511 

practical,  557 
Disposal  of  the  dead,  742 
Di"ti1lnlion,  purificaiion  of  water  by,  355 
Distilleil  liquors,  197 
Dislominsis,  imnsmisMon  of,  hv  mosquitoes, 

660 
Dogs  as  food,  23 
DraciinciitiiK    medinensis,    spread    of,    bj 

waU'r,  :!!>! 
DrainnRe,  influence  of,  on  soil,  297 
Driven  uclls  340 

Drying,  |)resfiviition  of  food  l>y,  209 
Dust,  a  coiiHtitucnt  of  air,  233 

B.  luberciilosL"  in,  245 

determiniition  of,  in  air,  267 

eflectfl  of,  in  inhabited  ixwrns,  242 

infective,  680 


Dust,  influence  of,  tn  tianamision  of  disease, 
248 

on  health,  674 

irritating,  677 

poisonous,  674 
Dyes,  poisonous,  721 
I^Heniery,  306 

eonneclion  of  water  supply  with,  374 

prevalence  of,  in  armies,  816 

EARTH  burial,  742 
Bui>p(i8ed  danger  from,  743 
Eels,  coRipoaition  of,  36 
Egg  plant,  159 
Eggs,  78 

composition  of,  79 

digestibility  of,  80 

flavor  of,  how  influenced,  80 
Electric  lighting,  453 
Elutriating  apparatus,  SchiiUi's,  308 
Enamelled  kitchen-ware,  22:! 
Erysipelas,  IranHniisaion   of,   through   air, 

249  _         _ 

Eteential   oils,  disinteotonl   properties  of, 

538 
Eumlyplol,  638 
Eiercise,  709 

amount  of,  required,  712 

eliect  of,  on  weight,  711 

kinds  of,  713 

F.£CES,  disinfection  of,  658 
Fat  in  milk,  83 
Fats,  function  of,  21 

nature  of,  21 
Feet,  care  of,  during  marchiQt-,  685 
Felt,  720 

Ferric  chloride,  disinfectant  properties  of, 
629 
sulphate,  disinfectant  properties  of,  529 
Ferrous  sulphate,  disinfectant  properties  of, 

528 
Feser's  lactoecope,  110 
Figs,  162 
Filana  ainguinis   hominis,  sprmd  o(,  bj 

water,  392 
Filarial  disease,  tranraaisaion   of,  by  mos- 

Suitoes,  657 
ed  cheese,  135 
File-makers,  diseases  of,  676 
Filter  beds,  358 

galleries,  346 
Filter,  Rcrkefeld,  366 

Chaniberland-Pasteur,  536 

domextic,  355 

sand,  368 
Filtration,  intermittent,  362 

"mechanical,"  363 

purification  of  water  by,  355 

sewage,  5O0 
Fischer  plaque  61ten,  363 
Fish,  34 

and  disease,  42 

composition  of,  35 

digestibility  of,  36 

keeping  qualitiea  of,  35 
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Fish-poison  in^,  63 

Fiti'^  mt!lhod  for  determining  CO,  in  air,  264 

Fleas,  Iransmiiftiiun  of  disease  by,  640 

Flies,  transiniaHioQ  of  diiteaiie  by,  637 

Floiini^^r,  oompoaitian  of,  36 

Flour,  ndultentlioD  of,  143 

"miled,"  143 
Fluke  disesDe,  41 

Fluorides,  detection  of,  ID  beer,  188 
FluihioK  apparatus,  478 
Fog,  inmionoc  of,  aa  health,  251 
Foiultes,  relation  ot,  to  spread  of  yellow 

fever,  653 
Fooil,  atiioiint  of,  necessary,  IS 
Foods,  animal,  "ii 

conipoaition  of,  19 

contamination  of,  by  metals,  211} 

definition  of,  17 

potential  energy  of,  17 

prcservalion  of,  208 
by  ebeiniciila,  211 

prescrvalivea,  212 
Foot^inil-moiilh  disease,  43 
ForeoistleH,  621 
"  Fore  milk,"  84 
Formaldehyde,  542 

action  of,  against  mosquitoes,  556 
as  a  food  jireservative,  217 
on  milk,  93 

conditions  favoring  action  of,  553 

detection  of,  in  milk,  120 
in  vine,  196 

dieadvanlaKes  attending  the  use  of,  556 

disinfection  by,  '^3 

power  of  penetration  of,  552 

toxicity  of,  554 
Formalin,  543 
Formochloral,  544 
Free  ammonia  in  water,  327 
FniilB,  137,  159 
Fungi,  edible,  163 
Fur,  720 

Fumncefl,  hot«ir,  439 
Fusel  oil,  197 

GAITKRS,  577 
Gallerifs,  filter,  346 
<Salliiing  of  wines,  103 
(tarbeec,  disposal  of,  507 
Garget,  99 

(ias  bumera,  kinds  of,  448 
Gas-leaks,  detection  of,  452 
GaK-poisoning,  449 
Gasolene  gas,  451 

Uetalin.  detection  of,  in  cream,  123 
Gernitddu,  511 
Gin,  201 
Ginger,  206 
Glaiahcr's  table,  254 
Glaniiens  spread  of,  by  trater,  375 
Glam-gi'iridmg,  dangers  of,  679 

UIUCKHI-,  164 

arsenifal,  179 

wlmltsniroenew  of,  178 
Gluten,  138 
Goitre,  connection  ot  soil  with,  306 

48 


Golf,  713 

Goose,  composition  ot,  31 

Gooseberries,  162 

Graham  Hour,  139 

Gt»pc  sugar,  164 

Grapes,  161 

Grease  tmps,  464 

Green  turtle,  composition  of,  37 

Ground-water,  287,  318 

movement  of,  320 

supplies,  338 
Guinea  worms,  391 

HABITATIONS,  420 
Haddock,  composition  of,  36 
Hfemosporidiu,  645 
Hake,  composition  of,  36 
Halibut,  cumpuffltioii  of,  36 
Ilalteridium,  G4T 
liain,  composition  of,  29 
poisoning  by,  66,  09 
Hamburg,  epidemic  of  cholera  at,  386 

steak,  preservation  of,  217 
Hammocks,  621 
Hands,  disinfection  of,  560 
Hardness,  determination  of,  in  water,  403 
of  water,  331 

permanent  332 
removal  of,  364 
tcmporaiy,  332 
Heat,  disinfection  by,  514 

eipoflurc  to  extreme,  682 
Ileatlnfj,  423 

■'  Hermite  "  process  for  sewage  dl<ipoeal,  496 
Herrings,  poisoning  by,  61 
Uog  cholera,  spread  of,  by  water,  375 
Hominy,  146 
Honey,  165 

poisoning  by,  166 
Hopper  closets,  475 
Hops,  suhslilulea  tor,  179 
Hoise  meat,  composition  of,  31 
poisoning  bv,  73 
detection  of,  32 
Hospital  tents,  601 
Hot-water  healinfc.  439 
Huckleberries,  162 
Humidifier,  442 
Humidity,  ab«olutfi,  !M2,  252 
excess  of,  in  tropics,  627 
rektive,  232,  252 
Himius,  271 
Huts,  soldiers',  603 
Ilydrio  trap,  469 
Hydrochloric  acid,  influence  of  fumes  of, 

on  health,  669 
Hydroften,  a  constituent  of  air,  227 

peroxide,  action  of,  as  a  food  preeerrs- 
live,  218 
disinfectant  power  ot,  523 
HygrcHCopic  water,  278,  286 

TCE,393 

1      artificial,  394  _ 

-cream  poisoning,  88 

typhoid  fever  spread  by,  394  < 
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lllumjnatin|;  gaa,  kindH  of,  449 

poisoning  by,  236 
India,  propngBlion  of  cholera  in,  388 
Indian  corn,  140 
InrEintile  diarrhoea,  tnnvmimion  of,  through 

air,  250 
InrectioD,  convejanoG  of,  hy  air,  244 
Inxeots,  relation  of,  tu  human  diaeasce,  (i3(t 
Inspection  of  meat,  76 
Intermittent  Bltrstion,  362 
Iodine,  disinfectant  properties  uf,  526 
Iron,  action  of  water  on,  369 

detection  of,  in  water,  409 

presence  of,  in  soils,  272 

removal  of,  from  water,  365 

use  of,  in  purification  of  water,  353 
Irrigation,  «ewaKe,  4B6 

Waring  system  of,  499 

JAMS,  168 
Jellies,  168 
Jiggere,  634 

KEFIR,  i>5 
Kid  meat,  poisoning  by,  76 
Kietielguhr,  356 
Kitclien  refuse,  disposal  of,  507 

utensils,    metallic,    contamination    of 
foods  by,  222 
Kjeldahl  process  for  nitrogen,  117 
Koumioi,  95 
Kummerbund,  580 

LABABRAQUFS  solution,  disinfectant 
properties  of,  528 
Lactalbumin,  85 
Loclodennimeter,  110 
Lactonieter,  110 
Ljclnscope,  110 
Lactose,  84 

I^nib,  composition  of,  30 
Lard,  81 
Lotrinnn,  60.5 

dexcription  of,  612 
I^u«ei),    epidemic    of   typhoid    fever  at, 

381 
Lead,  action  of  water  on,  365 

contairiinatioii  of  foods  by,  221 

determination  of,  in  water,  406 

influence  of  dunt  of,  on  health,  675 

uses  of,  in  occupaliona,  676 
Leather,  720 
Leavening  of  bread,  140 
Leeks,  158 
J-eKgin(P.  577 
Ltguiiies,  148 
I^fruniin,  148 
Lemon  juice,  204 

Leprosy,  trunsmissiun  of,  bj  flies,  639 
Lettuce,  158 
Life,  diimtion  uf,  703 

expectation  of,  703 

lueun  dunition  of,  703 

probable  duration  of,  703 

tables,  704 
Lighting,  445 


Lime,  chloride  of,  use  of,  in  purification  of 
water,  352 

disinfectant  properties  of,  527 

juice,  204 

milli  of,  527 
LinHi,  719 

clothing,  properties  of,  576 
Ijqueur^  201 

Liquid  air,  disinfectant  action  of,  520 
LiquoiB,  distilled,  197 
Liver,  compoxition  of,  29 
Loam,  271 

Lobster,  composition  of,  37 
Lysoform,  536 
Lysol,  536 

ACARONI,  142 
MacCj  206 
Madeira  wine,  192 
Maize,  146 
Malaria,  connection  of  eoil  with,  302 

prevalence  of,  in  annieH,  615 

preventive  measures  against,  S'll 

the  parasites  of,  645 

transmission  of,  by  moMiuitoeis  tU2 

water  as  a  cause  of,  374 
Malignant  <vdema,  connection  of  soil  with, 

303 
Mall,  barley,  178 

vinegar,  203 
Manganexe,  presence  of,  in  soils,  272 
Maniiiot,  151 
Maple  sugar,  164 
Manuita,  152 

Marching,  instances  of  loog  distance,  581 
Marine  hvgtene,  618 
Marl,  271' 
Marriage-rates,  692 
Match-making,  dangers  of,  872 
Mattresses,  disinfection  of,  663 
Measles,  prevnlcnce  of,  in  armies,  616 
Meanly  pork,  38 
Meat  and  diseose,  42 

bases,  24 

characteristics  of  good,  26 

consumption  of,  in  the  tropics,  5M 

eitract»,  32 

inspection,  76 

-poisoning,  63 

powder,  32 

''red  "and  "white,"  27 

tuberculous,  43 
Meats,  24 

compaction  of,  27 

digestibility  of,  24,  26 

flavor  of,  24 
Melons  161 
Menthol,  538 
Mercuric  chloride,  diMnfectant  propeitks 

of,  530 
Mercurv,  influence  of  fiimes  of,  on  health, 

672   ■ 
Military  hvgiene,  665 
MUk,  8^    ■ 

action  of  fomuldehyde  on,  03 

ndulleratioii  of,  H 
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Milk,  ilcohol  in,  S6 

analyaia  of,  110 

bsfltria  in,  88 

caiiHcs  of  bittemeSB  in,  S6 

chalk  in,  95 

changes  produce<l  in,  by  bacteria,  S8 

bv  boiling,  87 
tolored,  8^ 
(MmpoHition  of,  8*2 
condensed,  95 
flavor  of,  hoH'  niiidified,  80 
growth  of  bacteria  in,  89 
in  actinom^coiiiH,  t)9 
in  anthrax,  99 

in  foot-and-mouth  disease,  98 
in  garget,  99 
in  rinderpest,  98 
methods  of  diHtingninhingbetveeD  raw 

and  cooked,  122 
of  lime,  527 
pasteui-iziilion  of,  91 
-poisoning,  109 
poisonous,  9G 
preservatiun  c>f,  91 
by  cbeiaicals,  92 
by  cold,  91 
by  pasteurization,  SI 
by  uteri  litAtion,  91 
reaction  of,  85 
ropy,  86 

specific  gravity  of,  86 
spread  of  cholera  by,  106 

of  cholera  infantum  by,  108 
of  diphtheria  by,  105 
of  Bcarlel  fever  by,  106 
of  tuberculous  by,  100 
of  tvphoid  fever  by,  107 
Btandards,  94 
sterilization  of,  91 
sugar,  84 

tubercle  bacilli  in,  91,  100 
zyraaseK  in,  92 
Mineral  acids,  disinfection  by,  532 
Mixed  flour,  143 
Mola.e<cs,  1(5.5 

vinegar,  203 
Moselle  wines,  191 

MoequitoeR,  destruction  of,  by  sulphur  di- 
oxide, 651 
species  of^  in  the  United  Stated,  642 
transmission  of  dixeaae  by,  641 
Mother  of  vinegar,  202 
Muck,  271 
Mulberries,  162 
MuHlirooms,  153 
Mussels,  composition  of,  37 

poLwoing  by,  60 
Muatitrd,  206 

Mutton,  compoaition  of,  30 
Mycodcrma  aceti,  202 

NAVAL  hygiene,  618 
XesHlci^s  reagent,  395 
Neutral-reil,  detection  of  R  coli  with,  415 
Nickul,  contamination  of  food  by,  222 
Nickelware,  223 


Nitrates,  determination  of,  in  water,  401 

in  water,  328 
Nitrification  (in  water),  360 
Nitrites,  determination  of,  in  water,  400 

in  water^  328 
Nitrobenzol,  influence  of,  nn  health,  671 
Nitrogen,  aWrption  of,  by  plants,  22t) 

acida  in  air,  230 

fomiB  of,  in  soils,  272 

function  of;  in  air,  226 
Nitrous  fumes,  influence  of,  on  health,  670 
Norton  tube  wells,  310 
Nutmeg,  206 
Nuta,  152 

OATS,  146 
Occupation,  diseases  of,  662 
hygiene  of,  661 
Occupations,  classification  of,  666 

dusty,  674 
Offensive  trades,  681 
Oil,  cottonseed,  164 

fusel   197 

of  wine,  196 

olive,  153 
Oils,  essential,  disinfectant  properties  of, 

538 
Oleomargarine,  125 

detection  of,  129 

tubercle  bacilli  in,  128 
Olive  oil,  163 

Oniony  158  , 

Open  fires,  437 

Ophthalmia,  tiBnamiiuon  of,  by  SJee,  639 
Oranges,  160 
Organic  acids  in  fooda,  22 
Oy^er  plant,  157 
(O'stera,  bacteria  in,  62 

composition  of,  37 

poisoning  by,  63 

tranamiwion  of  typhoid  fever  by,  48 
Oxygen,  disinfectant  properties  of,  522 

propoKiun  of,  in  air,  224 

required,  determination  of,  in  water, 
404 
Ozyuris  vermicnlaris,  spread  of,  by  water, 

391 
Ozone,  a  constituent  of  air,  220 

action  of,  on  the  s^rslem,  230 

dfterminatiun  of,  in  air,  266 

disinfectant  properties  of,  622 

use  of,  in  purification  of  water,  364 

PAIL  system  of  sewage  disposal,  493 
I^  cloHels,  473 

Paraform,  543 
Paraformaldehyde,  542 
Parasiies  in  water,  391 
Parsnipe,  157 
Pasteur  filter,  356 
Pasteurization  of  milk,  91 

of  wines,  193 
Patent  flour,  139 
Peaches,  160 
PeanutH,  163 
Pimrl  barley,  144 
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Pork,  uompoaitioai  at,  S9                      ^^H 
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Klale,  73b                                          ^^H 

^^^H            t^  tea  own,  !*S 
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Jhlion.  hIkJioI  in  tbe,  680                  ^^H 
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BaEion,  tierman  armf ,  592 

Italian  annj,  592 

naval,  Gltf 

RuBiuan  armj,  592 

Spaniitb  army,  592 

travel,  58H 

U.  a.  army,  ade<^uacy  of,  591 

Buitability  of,  to  the  tropics, 
593 
KatioTu,  587 
Rj!creedon,  70B 
RecniiiH,  ex&mi  nation  of,  572 

grounds  for  rejection  of,  574 

naval,  618 

qualiAcatJODi  of,  567 
Red  meal,  27 
KegiHtrara'  returns,  691 
Kelalive  humidity,  233 
Heservoiin,  338 
RuHpiralom,  66M 
KeKpiratory   disease,   incrca^    of,  during 

fogs,  2.n 
Ke«,7<W 
KeverdisBogc,  219 
Rhabdoncmu    inleslinale,    spread    of,    by 

water,  392 
Rhine  winee,  191 

Ribbed  glaas,  action  of,  id  lighting,  446 
Rice,  147 
KinderpeHt,  42 
Room  dininfection,  561 
Roots,  167 

Bound-pipe  IrapB,  462 
Round  wunna,  391 
Rowing,  714 
Rubber,  719 
Rum,  200 
Runtting  trope,  461 
Rye,  144 

SAWIIABOMYCES  cerevisie,  202 
Sago,  151 
.Sailoiv,  diMJiiHes  of,  622 
Salicylic  acid,  acticm  of,  as  a  food  preserva- 
tive, 216 
detection  at,  in  beer,  188 
in  milk,  120 
in  wine,  195 
!teImon,  conipoxitiun  of,  36 

poisoning  by,  63 
Salt,  204 

soilfi,  272 
Halting,  prt»ervation  of  food  bv,  200 
Salts  in  foods,  23 
S»mi),  146 

Sand  filtration  of  water,  367 
Siinilnry  cordon,  740 
SmilaK  clotet,  47S 

imp,  469 
Sapnil,  638 

Kuiir.iiKL'-poiHODing,  53,  60,  74 
r^iu-<iiKC»,  32 
Sniiti'inf,  191 

S';illn[«,  compmltion  of,  37 
S'iirlct  ffver,  connection  of  soil  witb,  30(! 
Hpi'ead  of,  by  milk,  106 


Schering  parafonn  lamp,  646 

School  furniture,  422 

Schools,  420 

Scotl-Moncrieff  sj'fltem  of  sewage  dispoml, 

507 
Sea-water,  influence  of,  on  pathogenic  bac- 
teria, 51 
Sedgwick's  method  for  bacteriological  ex- 
am iaatioQ  of  air,  209 
Self-puriGcation  of  water,  349 
Septic  tank,  Cameron's,  504 
Sewage,  action  of,  on  fihh  life,  496 
chemical  treatment  of,  493 
composition  of,  488 
dbposal  of,  488 

by  biological  prooesHes,  502 
by  pail  system,  493 
tanning,  496 
filtralioD,  500 
irrigation,  490 
manurial  value  of,  489 
metfaods  of  disporal  of,  491 
purification  of,  by  filtration,  500 
Sewer  air,  hocteria  in,  237 

gas,  237 
ShadI  compoeition  of,  36 
Sbeep  rot,  41 
Sherry,  192 

Ships,  general  hygiene  of,  624 
ventilation  ol,  623 
water  supply  of,  620 
Shoddy,  576,  717 
Shrimps,  composition  of,  37 
Sicknctw,  r^istration  of,  702 
Silk,  717 

Silt  cylinder,  Knop's,  308 
Sinks,  4S4 

comnany,  605 
Siphon  close'ts,  470 
Slaughtering,  76 
Stop  Hinkn,  485 
Smallpox,  prevalence  of,  724 
Smoking,  preservation  of  food  by,  200 
Soop,  t»rbi)!ic,  641 
Soaps,  disinfectant  properties  of,  538 

medicated,  541 
Sodium  bisulphate,  use  of,  in  purification 
of  water,  354 
fluoride,  action  of,  as  a  food  prcHerva^ 

live,  219 
hvpochlorite,   disinfectant    properties 
of,  526 
use  of,  in  purification  oF  water,  362 
presence  of,  in  soils,  272 
Soil,  270 

action  of  worms  on  cliaracter  of,  282 
air,  2H3 
bacteria  of,  294 

bacteriological  examination  of,  316 
ciassificuiion  of,  270 
connection  of,  witb  anthrai,  304 
with  cholera,  300 
with  diphtheria,  301 
with  dysentery,  306 
with  epidemic  dinrrhcea,  305 
with  goiter,  300 
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Soil,  conriectjon  of,  with  malaria,  302 

with  malignanl  cedema,  303 
with  pla)^e,  300 
with  scarlet  fever,  306 
with  letanuti,  303 
with  tubercuIosU,  297 
with  typhoid  fever,  297 
with  jellow  fever,  306 

constilueniB  ot,  272 

deleiraination  of  capillarity  of,  312 
of  permeability  of,  301) 
ot  water  capacity  uf,  312 

examination  of,  307 

moisture,  influence  oF  vegetation  on, 
290 

pathogenic  bacteria  in,  295 

permeability  of,  274 

physical  properties  of,  273 

pipes,  45l 

pollution  of,  292 

by  dead  bodies,  744 

pore  volume  of,  273 

selFpuriflcalion  of,  282 

temperature  of,  280 

effect  of  vegetation  on,  291 

water,  2S6 

sources  of,  289 

water-retaining  capacity  of,  278 
8oia-beao,  150 
Solanin,  poisoning  by,  156 
Soldier,  clothing  of  the,  576 

diseases  of  the,  013 

food  of  the,  687 

hygiene  of  the,  575 
Soldiern,  care  of,  in  [he  tropics,  627 
Solutol,  537 
Solveot,  536 
fioighum   163 
Spaghetti,  142 
Spices,  202 
Spinach,  158 
Spirit,  proof,  200 

vinegar,  203 
Spirits,  197 
Springx,  338 

Sputum,  duunfection  of,  668 
Squash,  159 
Standatd  diet*,  18 
Starvhes,  21 
Steam,  disinfection  by,  515 

hentinft,  439 
Sleol-grindmg,  dangers  of,  673 
Stegomyia  niosquiloea,  654 
Stcriliiiilion  of  milk,  91 
Steriliiod  niilk,  objections  to,  92 
Stockinps  578 
Stout,  \7r, 
Stoves,  4S7 
Strawberrira,  162 
Siring  beaiiH,  150 
"  SirippingB,"  84 
Sugar,  163 
Sugar,  bpct,  163 

maple,  164 

of  milk,  84 
Sugars,  clasiiflcation  of,  21 


Sulphites,  action  of,  as  food  preservaiiTca, 
217 
detection  of,  in  wine,  196 
Stilphur  dioxide,  destniction  of  DiuM|uitia» 
by,  661 
disinfectant  propertiea  of.  526 
influence  of,  On  iicslth,  670 
presence  of,  in  soile,  ;i72 
Sunhgbt,  disinfectant  action  of,  611 
Sunstroke,  616 

forma  ot,  630 
Suiftce-walers,  317,  337 
Sweet  potatoes,  167 
SwiU,  disposal  of,  507 

T^NIA  BBginata,  37 
solium,  37 

transmission  of,  by  fleas,  640 
Tanks,  house  service,  435 
Tapeworm,  37 
l^pioca,  151 
Tartar,  cream  of,  207 
Tea,  168 

adulteration  of,  170 

"facing"  of,  ITO 
Tennis,  714 
Tents,  601 

Terra  alba  in  candy,  167 
Terrapin,  composition  of,  37 
Teme  plates,  210 

Tetanus,  connection  of  soil  with,  303 
Theine,  168 
Theobromme,  168 
Thymol,  538 
Tin,  action  of  water  on,  370 

as  adulterant  of  ninlaHseti,  165 

contamination  of  food  liy,  222 

detection  of,  in  water,  409 
Tobacco-workers,  diseases  of,  680 
Tokav,  192 
Tomato,  159 
Trades^  dangerous,  662 

oflcnsive,  681 
Trap8,460 

ball,  463 

bell,  464 

bottle,  462 

grease,  464 

hydric,  469 

intercepting,  457 

non-siphoning,  468 

pot,  462 

round-pipe,  462 

running,  461 

sanilas,  469 
Trembles,  96 
Trichina  spiralis,  38 
Trichinosis,  39 
TrichocephaliiB  dispar,  spread  of,  bv  water, 

392 
Trillaf  B  autoclave,  544 
Tropical  hygiene,  627 
Tropim.  cnre  of  the  peraon  in  tJie,  634 

clothing  in  the,  633 

diet  in  the,  630 

diseases  of  the,  634 
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Tropini,  use  of  slculiol  in  tbe,  631 
Trout,  o>nipuiition  of,  30 

Truffles,  I(j3 

Tubercle  bacilli  in  butter,  128 
in  milk,  U1,  10U 
in  olcoJiinrgurine,  128 
Tul>uTcnlo«is.  bi)vine,  43 

tMnraH^tiiiD  of  Boil  with,  297 
in  fish,  47 

prevalence  of,  among  Hailuin,  622 
in  annieH,  013 

irtiniuiiiHKiun  uf,  by  betibugii,  610 
b7  Dim,  639 
by  meal,  45 
bv  milk,  100 
tfirough  air,  245 
Tiibercnloiw  meat,  43 
Tube  welK  S40 

Turbidity,  determination  of,  in  water,  406 
Turkey,  eoni  position  of,  31 
TumipH,  l.'>7 

Typhoid  fever,  connection  of  soil  witli,  297 
eKamptcH  of  epicleniit.it  uF,  381 
inoculation  n^initl,  731 
prevalence  of,  in  arniion,  614 
imnnnliaiion  of,  by  air,  248 
by  flicB,  639 
bv  ice,  394 
by  milk,  107 
by  oysteis,  48 
by  water,  375 
Tyroloiicon,  »H,  136 

cascH  of  iMiimning  by,  97 

UNDERtLOTHlNG,  679 
Urinals,  480 
Urine,  (lininfection  of,  559 
Uroglenn,  323 

VACCINATION,  724 
Veal,  con)|io(iition  of,  30 
Veal-|>oiiioning,  59 

(ra»e»ot),64 
Vegetable  cnwein,  148 

marrow,  ]j>U 
Vejtelabli'-,  137 

VeKelatiiin,  elfit'tN  of,  on  noil   temperature, 
291 

infliieiWe  of,  in  puriticaiion  of  water, 
:i.jO 
on  «)il  iniiiniure,  2WI 
Venereal  itineaiieH,  iirvvalcnee  of,  in  BTmieH, 

617 
Veolilation,  423 

iletomiinaliori  of  nilcM  of,  443 

effect  of,  on  plitlii«ix  rateii,  240 

Hmw  fur,  4;i4 

inlelH  nnil  outlctH  for,  432 

niefbaniml,  4*1 

natural,  4S1 

nalutnl  foriH-i  in,  420 

of  ■•hip*,  623 

H|>a('e  reqnirv<l  fur,  425 
ViTinici'lli,  142 
Vemuitli,  201 
Vinegar,  202 


Vinegar,  mother  of,  202 

Vital  HlaliKticts  686 

WALNtTTS,  162 
Waring  ityiitem  of  irrigatioit,  499 

Wosli-bauinH,  480 
Waah-down  closetn,  470 
Waah-out  cloi«*<,  476 
Waste  pipea,  459 
Water,  316 

action  of,  on  iron,  369 

on  lead,  365 

on  tin,  370 

on  zinc,  369 
aeration  of,  32."j 
albuminoiil  ammonia  in,  32S 
ajumoniu  in,  326 
analyKiii  at,  3i'4 
and  dixeosc,  371 
a|ipcarance  of,  321 
bacteria  in,  332 

bacteriological  examination  of,  412 
capacity  of  hoIIs,  ilelerniina^on  of,  312 
capillarvj  278,  286 
carbon  dioxide  in,  326 
CarLtbad,  331 
cause  of  taste  in,  324 
chemical  examination  of,  394 
cblorine  in,  330 
clanuficalion  of,  316 
closets,  470 

diHinfection  of,  564 
color  of  J  321 
connection  uf,  with  niitbras,  376 

with  cholera,  375,  386 

with  cli|ihtheria,  374 

with  dvRentery,  374 

with  elandenL  375 

with  hog  cholera,  376 

with  malaria,  374 

with  tyiilioid  fever,  376 

witli  yellow  fever,  374 
gas,  compoaition  of,  440 
gaaes  in,  324 
ground-,  287,  318 
^hamnier,  486 
hygroscopic,  278 
inMancea  of   finding  B.  tvphorat  in, 

419 
mineral  matten  in,  330 
nitrates  in,  328 
nitrites  in,  328 
odor  of,  322 
organic  [natleni  in,  326 
paraiutes  i<nd,  391 
-proofing,  680 
purification  nf,  349 

by  ahim,  351 

by  Imiling,  lli^> 

hv  hmniinc,  363 

by  chlorine,  1153 

by  chlorinntiil  soda,  362 
lime,  352 

by  ilistillatiiin,  '^^ 

b'v  liltnilion,  355 

by  iron,  35:4 
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Wster,  purification  of,  by  oione;  354 
by  perman)^nate,  '651 
by  tiodiiiin  bUulphale,  354 
reactiun  of,  322 
remoTB]  of  harduew  from,  364 

of  iron  from,  3ft5 
sanitary  claBsiScation  of,  347 
self-purificalion  of,  349 
rignlficance  of  B.  coli  in,  334 
n>read  of  AnchyloBtomum  duodeDtile 
W,392 
of  Ascaris  lumbricoides  by,  D9I 
of  Bilbarzia  luemalobin  by,  392 
of   Dmcunculua    medinenai«   by, 

391 
of  Filaria  BBnguiais  hominiB  br, 

392 
of  Olyuris  Termicularis  liy,  391 
of    RhabdoneiuB    intestinale   by, 

392 
of  TricbocephaluB  dispar  by,  392 
subetanceH  found  normaUy  in,  324 
supplies,  335 

filtration  of,  357 
typhoid  infection  of,  376 
surface,  317 
table,  313 
Watermelons,  162 
Weils,  339 

drainage  area  of,  344 
pollution  of,  344 
WeisbBoh  burner,  448 
Wheal,  137 

flour,  139 
Wheeling,  714 
Whip  worms,  392 
AVhiskey,  199 
White  me&t,  27 

wine  vin^iar,  202 
Wind,  action  of,  in  veutilation,  429 
Wine,  oil  of,  196 
vinegar,  202 
Wines,  189 

adulteration  of,  192 


Winea,  analysis  of,  194 

aniiin  colors  in,  194 

artificial,  193 

cbaptaliiine  of,  193 

detection  of  preservatives  in,  195 

dry,  191 

forUfied,  192 

galliiing  of,  193 

low,  199 

Moeelle,  191 

pBBteuriration  of,  193 

plasterintc  of,  193 

Rhine,  191 

aalicvlic  acid  in,  195 

sparkling,  191 

sweet,  191 
Wolpert's  method  for  CO,  in  air,  263 
Women,  employment  of,  685 
Wood  alcohol,  dangers  to  health  from,  674 
Wool,  716 

Wooir  procecx  for  sewage  disposal,  495 
Woollen  clothing,  properties  of,  676 
Wool-HoKeni'  diseaae,  680 
Worms,  action  of,  on  soils,  282 

guinea,  spread  of,  by  water,  391 

pin,  spread  of,  by  water,  391 

round,  spread  of,  by  water,  391 

whip,  hpread  of,  by  water,  392 

YELLOW  fever,  connection  of  soil  with, 

of  water  supply  with,  374 
proiihylactic    measures    againM, 

transmission    of,   by   maequil(*e. 
652 

yiNC,  action  of  wster  on,  369 
£J        chloride,  disinfectant  properties  of, 
529 

contamination  of  foods  by,  222 

detection  of,  in  water,  408 
Zymases,  92 
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